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Preface 

There are five main causative agents of viral hepatitis, referred to as hepatitis viruses
type A, B, C, D and E (HAV, HBV, HCV, HDV, HEV). These five viruses are of 
greatest concern because of the burden of illness and death. 

In according to World Health Organization (WHO) about 2 billion people worldwide 
have been infected with the HBV and about 350 million live with chronic infection. It 
is estimated that 600 000 persons die each year due to the acute or chronic
consequences of hepatitis B: liver cirrhosis and cancer. Furthermore, it is estimated
that 3–4 million people are infected with the HCV each year. 130–170 million people
are chronically infected with HCV and at risk of developing liver cirrhosis and/or liver 
cancer. More than 350 000 people die from HCV-related liver diseases each year. 
Statistically, 60–70% of HCV chronically-infected persons develop chronic liver 
disease, 5-20% develop cirrhosis and 1–5% die from cirrhosis or liver cancer. 

Another big problem is related to fecal-orally transmitted HAV and HEV. The course
of these two diseases is always acute and it does not lead to form chronic
complications. However, we should remember; it is estimated that annually 1.4 milion 
cases of HAV infections is detected worldwide. Epidemics related to contaminated 
food or water can erupt explosively, such as an epidemic in Shanghai in 1988 that 
affected about 300 000 people. A mix HAV infection with chronic HBV or HCV related 
diseases could be lethal for patient. 

During the last years researchers have paid more attention to the HEV infection due to
its appearance in non-endemic areas (like Europe for example) and a probable link to 
development of chronic liver disease. 

There are a lot of important issues regarding the viral hepatitis which needed to be 
studied: molecular biology of viruses, laboratory diagnostics, epidemiology, treatment 
etc. Special textbooks and monographs about these issues were published over the last 
decades. Taking in account this fact and rather fast progress in our understanding of 
the problem, the aim of our book is to focus on the important sections of the problem – 
immune pathogenesis of parenterally transmitted viral hepatitis and some aspects of
hepatitis diagnostics.
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VIII Preface 
 

Seven chapters were prepared (by several groups of researchers) to share information 
and results of studies with specialists who work in the field of viral hepatitis and 
persons who are interested to learn about this problem.   

Dr Juan R Larrubia and his co-authors discuss the innate and adaptive immunity in 
the first chapter of the book entitled “HBV & HCV Immunopathogenesis”. The 
separate section of this chapter covers humoral and cellular response in case of acute 
and chronic HBV infection. It is emphasized that the specific CTLs play a central role 
in HBV&HCV immunopathogenesis. These cells are able to kill some infected 
hepatocytes inducing a minor liver damage, but also they secrete type-I cytokines 
responsible for non-cytopathic virus clearing. 

The next chapter prepared by Prof. Joerg F. Schlaak et al. focuses on the role of local 
innate immunity of the liver in the pathogenesis of chronic viral hepatitis. Activation 
of the Toll-like receptors (TLR) system leads to the expression of pro-inflammatory 
(IL-6, IL-12, TNF-α) as well as anti-inflammatory cytokines (IL-10) by responsive cell 
types. TLR7, -8 and -9 additionally initiate Interferon-α (IFN-α) expression after 
binding of their specific ligands. The authors separately discuss HBV, HCV and HDV 
innate immunity as well as peculiarities of immune response in case of co-infection of 
HBV and HCV. It was suspected that therapeutic manipulations of the hepatic TLR 
pathways are of high interest for the development of novel treatment strategies.  

These treatment strategies for viral hepatitis based on the immunopathogenesis 
knowledge are discussed in the chapter by Dr. Yukihiro Shimizu. The author discusses 
the developing of an optimal strategy to stimulate antiviral immune response with 
therapeutic potential, extensive analyses of immune mechanisms for successful viral 
eradication and immunosuppressive mechanisms induced by viral infection during 
persistent infection are required. These points are discussed at the beginning of the 
chapter, then followed by a discussion of immunotherapeutic approaches in both 
animal models and humans in the end. 

Dr. Costin Streba and co-authors consider pathogenesis of chronic hepatitis as the 
complete interaction between stress, neuroimmunomodulation and ultimately the 
onset and progress of viral infections. The influence of the endocrine response 
systems, such as the hypothalamic-pituitary-adrenal axis (HPA) or the sympathetic-
adrenal-medullary (SAM) on the end function and outcome of the immune response 
are discussed in the chapter.  

Dr Josh Levitsky and Dr Lisa B. VanWagner rise a problem of viral hepatitis in the 
solid organ transplant recipients. The most important infectious agents which are 
frequent in allograft recipients are HBV and HCV. In addition, HEV is emerging as an 
increasing cause of chronic hepatitis and even cirrhosis whilst HDV plays an 
important role in both co-infection and superinfection of HBV in solid organ 
transplant recipients in industrialized countries. This chapter focuses primarily on the 
epidemiology, transmission, clinical presentation and management of the primary 
hepatitis viruses following solid organ transplantation.    

         Preface IX 
 

The last two chapters cover fecal-orally transmitted HAV and HEV.  

The chapter on hepatitis A infection prepared by Dr. Zahid Hussain is mostly 
concentrated on clinical course, epidemiology and molecular characteristics of the 
HAV. It is emphasized that the changes in epidemiological pattern would increase the 
disease burden. They may cause large community outbreaks and lead to increased 
healthcare cost. 

Prof. Zhang Jingqiang and co-authors share the results of their studies on structure 
and function of the HEV capsid protein. These studies using cryo-EM and X-ray 
crystallography techniques, with a variety of biochemical studies, have provided a 
detailed picture of HEV-LP formed by the expressed capsid protein. These 
architectures shed light on the understanding of the function of capsid such as the 
assembly mechanism of icosohedarl capsid, virus infection and antibody interaction. 

While preparing our book for print, we heard that the Nobel Prize Committee (field of 
physiology and medicine- year 2011 ) awarded Bruce A. Beutler and Jules A. 
Hoffmann "for their discoveries concerning the activation of innate immunity" whilst Ralph 
M. Steinman received an award  "for his discovery of the dendritic cell and its role in 
adaptive immunity". We are proud to say that our book is in line with these discoveries, 
because 3 chapters cover the  problems of innate and adaptive immune response in 
case of viral hepatitis.  

Professor Sergey L. Mukomolov 
Head, Viral Hepatitis Laboratory,  

St. Petersburg Pasteur Institute,  
Russia 
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HBV & HCV Immunopathogenesis 
Megha U. Lokhande, Joaquín Miquel, Selma Benito and Juan-R Larrubia 
Translational Hepatology Unit, Guadalajara University Hospital, University of Alcalá 

Spain 

1. Introduction 
Hepatitis B and C (HBV&HCV) viruses are two hepatotropic non-cytopathic viruses able to 
evade immune system efficiently as mechanism to persist in infected hosts. To fight against 
a viral infection the host displays two kinds of immune responses: the innate and adptive 
responses. The innate response is the first immunological barrier and it is essential in 
cytopathic viruses. This response limits viral spreading but also acts as adaptive response 
activator through antigen presentation to viral specific cells. Adaptive response is the 
second line in the immunological defense. It plays a major role in non-cytopathic viral 
infections because this type of viruses behaves as an intracellular parasite and they remain 
occult to the innate system. 

1.1 General features of Innate Immune response 
The liver is a unique anatomical and immunological site in which antigens-rich blood from 
the gastrointestinal tract is passed through a network of sinusoids and scanned by antigen-
presenting cells and lymphocytes. It is selectively enriched in macrophages (Kupffer cells), 
natural killer cells (NK) and natural killer T cells (NKT) which are key components of the 
innate immune system (Racanelli & Rehermann, 2006). 
Innate immunity generally plays a role immediately after infection to limit the spread of the 
pathogen and to activate the adaptive immune response (Guidotti & Chisari, 2006). 
Complex interplay between innate and adaptive immunity is the key for the resolution of 
acute infections. Innate response is induced after host recognition of common molecular 
patterns expressed by viruses, immediately after primoinfection, and providing a 
mandatory environment for triggering efficient adaptive immune responses. During hide 
and seek game of virus and host, one or more viral products get exposed and recognized by 
early immune response. This starts anti-viral control through direct cytopathic mechanisms 
(Koyama et al., 1998), antiviral effect by producing IFN type I (IFN-alpha/beta) by infected 
cells (Samuel, 2001), and activation of the cellular component of the innate immune system 
as natural killer (NK) cells and natural killer T (NKT) cells (Biron et al., 1999).  
Production of type I IFNs can be triggered directly by virus replication through cellular 
mechanisms that detect the presence of viral RNA or DNA (Alexopoulou et al., 2001), while 
NK cells are activated by the recognition of stress-induced molecules and/or the 
modulation of the quantity of major histocompatibility complex (MHC) class I molecules on 
the surface of infected cells (Moretta et al., 2005). 
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NK and NKT cells can be rapidly recruited to the site of virus infection and have the 
potential to recognize infected cells before MHC class I expression is significantly induced 
on the cell surface. Activated NK and NKT cells may participate in disease pathogenesis 
directly, by killing infected cells, and indirectly, by producing soluble factors that have 
antiviral activity, recruiting inflammatory cells into the infected tissue and shaping the 
adaptive immune response (Biron et al., 1999). 

1.2 General features of adaptive immune response 
Non-cytopathic viruses behave as intracellular parasites which are hidden to the immune 
system. They are not usually highly infectious but produce long-lasting diseases that allow 
them to spread the infection along the time. The host-virus relationship is a dynamic process 
in which the virus tries to decrease its visibility, whereas the host attempts to prevent and 
eradicate infection with minimal collateral damage to itself (Nowak & Bangham, 1996). 
To control non-cytopathic viral infections, it is necessary the activation of the adaptive 
immune system, and especially the cellular immune response. Naïve specific CD4+ and 
CD8+ T cells are primed by dendritic cells in the lymph nodes. Once these cells become 
activated, they change the phenotype into effector cells and migrate to the infected tissue, 
attracted by the chemokines produced by the parenchymal cells. Primed specific CD4+ cells 
are essential to allow the adequate activation of specific cytotoxic T cells by secretion of Th1 
cytokines (Larrubia et al., 2009a). This is very important because specific cytotoxic T 
lymphocytes play a major role in spontaneous infection resolution. These cells are able to 
recognize the infected cells and to destroy them by cytolytic mechanisms, but they also 
produce type-1 cytokines that eliminate the virus without producing tissue damage (Fig.-1). 
 

 
Fig. 1. Cytolitic and non-cytolitic mechanisms to destroy hepatotropic viruses by specific 
cytotoxic T cells 
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Both CD4+ and CD8+ cell activation depends on the engagement between T cell receptor 
and the MHC molecule/epitope complex plus the interaction between co-stimulatory 
molecules and their ligands (Choudhuri et al., 2005). When these cells have finished their 
effector task, they express negative co-stimulatory molecules and pro-apoptotic factors to 
switch-off their activity, and a subsequent constriction in the specific T cell population is 
produced.  After this event, a memory T cell population is maintained for decades to 
respond faster to a new infection, and in certain cases to keep under control viral occult 
infection (Appay et al., 2008).  
In this chapter the specific features of the immune response against two hepatotropic non-
cytopathic viruses (HBV&HCV) able to induce a persistent infection in human are reviewed. 

2. HBV immunopathogenesis 
HBV is an enveloped incomplete circular double strand DNA virus. This virus is spread 
around the world and more than 2 billion people have markers of current or past HBV 
infection, developing chronic infection in approximately 350 million people. Approximately 
a quarter of persistent infection patients will develop terminal liver disease. The infection is 
acquired by parenteral, vertical and sexual transmission, and although there is an efficient 
vaccine, this infection is still an overwhelming health problem, especially in developing 
countries. Natural HBV control is based on a competent immune response but this is not 
obtained in 5-10% of infected adults and up to 95% of newborns from HBeAg-positive 
mothers (Liaw et al, 2010).  Currently, there are different effective treatments able to control 
HBV replication but they are not very efficient in inducing either HBeAg or HB surface 
(HBsAg) Ag seroconversion (Perrillo et al, 2010). For this reason, it is interesting to 
understand the HBV immunopathogenesis to develop immunomodulatory strategies to 
restore an efficient anti-HBV immunoresponse. 

2.1 Life cycle of HBV 
Hepatitis B virus (HBV) is not directly cytopathic for the hepatocyte. During the early phase 
of HBV (before virus-specific T cells enter into the liver), there is no histological or 
biochemical evidence of hepatocyte damage (Guidotti et al., 1999). Moreover, when cellular 
immune responses are deficient or pharmacologically suppressed, HBV can replicate at high 
levels in the liver in the absence of detectable pathological consequences (Ferrari et al., 2003; 
Wieland et al., 2000). These results suggest that hepatocyte damage during HBV infection is 
an immune-mediated event. Therefore, this virus is capable to enter, replicate and spread in 
human hepatocytes without causing any direct damage. 
HBV is able to attach to the hepatocyte in a non-cell-type specific manner through cell-
associated heparan sulphate proteoglycans. Later, the virus binds irreversibly to an 
unknown hepatocyte-specific preS1 receptor. After that, two different entry pathways have 
been proposed: endocytosis and fusion. Finally, the cytoplasmic release of the viral 
nucleocapsid, containing the relaxed circular partially double stranded DNA (rcDNA), is 
performed. Then, the nucleocapsid with the rcDNA is transported to the host cell nucleus 
(Kann et al., 2007). Once rcDNA enters into the nucleus is repaired to complete the double 
strand DNA to produce the covalently closed circular DNA (cccDNA). The cccDNA stays 
stable in the hepatocyte nucleus for decades, and it is organized as chromatin like structure 
(minichromosome) (Levrero et al., 2009). The cccDNA utilizes the cellular transcriptional 
machinery to produce all viral RNAs necessary for protein synthesis and viral replication. 
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Fig. 1. Cytolitic and non-cytolitic mechanisms to destroy hepatotropic viruses by specific 
cytotoxic T cells 
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Both CD4+ and CD8+ cell activation depends on the engagement between T cell receptor 
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(minichromosome) (Levrero et al., 2009). The cccDNA utilizes the cellular transcriptional 
machinery to produce all viral RNAs necessary for protein synthesis and viral replication. 
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From an immunological point of view, the cccDNA is extremely important since it will 
persist in most of the hepatocytes and it is not possible for the immune system to destroy it. 
For this reason, even if the immune response is able to control HBV infection, it does not 
mean HBV eradication because cccDNA persists as occult HBV infection in the hepatocytes 
(Larrubia, 2011; Rehermann et al., 1996). From the pregenomic HBV RNA reverse 
transcription is performed by HBV DNA polymerase. This new HBV DNA can be either re-
imported into the nucleus to form additional cccDNA molecules or can be enveloped with 
HBV translated proteins for secretion (Urban et al., 2010). 

2.2 HBV acute infection 
2.2.1 Innate immune response during acute HBV infection 
During HBV primo-infection, replication can be efficiently limited by type I IFNs (Wieland 
et al., 2000; McClary et al., 2000). Nevertheless, data on acutely infected chimpanzees have 
shown a lack of detection of genes associated to innate response in the liver during the entry 
and expansion phase of HBV (Wieland et al., 2004). During this phase, HBV can replicate 
unchecked to extremely high levels. It has been proposed that, because HBV replicates 
within nucleocapsid particles, viral replicative intermediates of single-stranded RNA or 
viral DNA, which are strong activators of type I IFN genes, are protected from cellular 
recognition (Wieland & Chisari, 2005). 
Such early events are difficult to analyze during natural infection in humans, because HBV-
infected patients are mainly detected after clinical hepatitis, which occur 10-12 weeks after 
infection. Nevertheless, it is interesting to note that the lack of early symptoms (such as 
fever and malaise) in HBV-infected patients, typical of other human viral infections, 
constitutes an indirect evidence of the defective type-I IFN production during the early 
phases of HBV infection. 
In a cohort of patients, sampled in the pre-clinical phase and followed up to infection 
resolution, serum concentrations of IFN-alpha remained barely detectable during the early 
incubation phase and throughout the peak of viral replication and subsequent viral load 
reduction. Circulating IFN-alpha levels in patients with acute HBV infection at the time of 
peak of viremia were no significantly greater than at the time of infection resolution. 
Similarly, IFN-kappa and IL-15, which are important for induction of NK effector function, 
were not induced during the peak of viremia (Dunn et al., 2009). 
Consequently, HBV can be considered as a “stealth virus”, capable of sneaking through the 
front line of host defenses. It is possible that this situation of immune suppression might be 
activated by HBV replication. IL-10 is a potent immunosuppressive cytokine that can inhibit 
both innate and adaptive immunity. In fact, a close correlation between circulating IL-10 and 
HBV-DNA levels have been observed. IL-10 increased early in the course of infection, in 
parallel with the rapid increase in HBV viral load and antigenaemia and before the onset of 
inflammation. Moreover, the reduction of IL-10 coincided with either the termination of 
viremia or with HBeAg seroconversion. Consequently, there may be an active suppression 
of NK responses mediated for IL-10. In further support of this, addition of exogenous IL-10 
during in-vitro experiments was able to suppress NK cell IFN-gamma production which 
was recovered upon blocking IL-10 and its receptor (Dunn et al., 2009). 
Although no induction of type-I interferon is observed, within hours after HBV infection, 
there is a transient release of IL-6 and other proinflammatory cytokines (IL-8, tumour 
necrosis factor (TNF) alfa, IL-1B). The IL-6 released was shown to control HBV gene 
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transcription and replication in hepatocytes shortly after infection, ensuring an early control 
of virus replication, thereby limiting the activation of the adaptive immune response and 
preventing death of the HBV-infected hepatocytes in the early phases of infection (Hosel et 
al., 2009). The production of IL-6 and other cytokines seems transient after HBV infection. 
Interestingly, HBV replication tends to increase 3-4 days after infection, when IL-6 level has 
returned to baseline. This may suggest that the virus actively counteracts the action of IL-6, 
like occurs during the human cytomegalovirus infection (Gealy et al., 2005). 
However, a role for the innate immune response in the control of early HBV replication 
should not be dismissed. A study performed in woodchucks (Guy et al., 2008) observed a 
NK and NKT cell response within hours after inoculation with a liver-pathogenic dose of 
woodchuck hepatitis virus. These immune responses were at least partially capable of 
limiting viral propagation but were not followed by a prompt adaptive T cell response, 
which was delayed for 4-5weeks. Chimpanzees able to control the virus show a typical acute 
phase of disease with a robust activation of IFN-gamma, and TNF-alpha (Guidotti et al., 
1999). It is possible that this initial host response to HBV is primarily sustained by NK and 
NKT cells, that are capable to inhibit HBV replication in-vivo (Kakimi et al., 2000), as shown 
by the early development of NK and NKT responses in healthy blood donors who became 
hepatitis B surface antigen and HBV DNA positive (Fisicaro et al., 2009). Also, an early 
activation of NK and NKT cells in a woodchuck model of acute hepatitis B infection has 
been shown.  In this model NK and NKT cells induced a transient, but significant reduction 
of virus replication (Guy et al., 2008).  
In human, a study performed in two seronegative blood donors who became positive for 
HBsAg and HBV DNA, who were monitored throughout very early stages of infection, 
demonstrated that the human innate immune system is indeed capable of sensing HBV 
early after infection and of triggering a NK/NKT cell response to contain HBV infection and 
to allow a timely induction of adaptive response (Fisicaro et al., 2009). 
Therefore, rather than being silent, hepadnaviruses may be efficient at counteracting the 
actions of the innate immune system early after infection. There is a growing body of 
evidence suggesting that HBV could inhibit innate responses by regulating the expression of 
Toll-like receptors (TLRs), which are major sensors of viral infection in immune-specialized 
and non-specialized cells (Barton, 2007). HBV is able to suppress toll-like receptor-mediated 
innate immune response in murine parenchymal and non-parenchymal liver cells (Wu et al., 
2009). Indeed, the expression of TLR1, TLR2, TLR4 and TLR6 is significantly lower in 
peripheral blood mononuclear cells (PBMC) and hepatocytes from chronic hepatitis B (CHB) 
patients (Chen et al., 2008). Furthermore, flow cytometric analysis has shown that the 
expression of TLR2 in PBMC, from CHB patients is significantly decreased.  TLR2 
expression on PBMC has been correlated with the HBsAg plasma levels (Riordan et al., 2006) 
and HBeAg protein (Visvanathan et al., 2007). Recently, an immunomodulatory role of 
HBeAg on innate immune signal transduction pathways, via interaction and targeting of 
TLR-mediated signalling pathways, has also been shown (Lang et al,.2011). 
Moreover, dendritic cells (DC) exhibit functional impairment in hepatitis B virus carriers. 
Plasmocytoid (p)-DC are the major type-I interferon producing cells and sensors of viral 
infections because they express both TLR7 and TLR9 that respectively recognize, even in 
absence of viral replication, single-stranded RNA and unmethylated cytosine-guanosine 
dinucleotide motifs (Fitzgerald-Bocarsly et al., 2008). A recent study reported that, in CHB 
patients, there was a reduction of TLR-9 expressions in pCDs, which correlates with an 
impaired IFN-alpha production by these cells (Xie et al., 2009). 
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Altogether, these data suggest that HBV infection can alter innate immune responses, 
triggered by both specialized cells and hepatocytes, through down-regulating functional 
expression of TLR. Currently, whether HBV is a stealth virus for the innate immune 
response or is able to block it efficiently is a matter of debate. 

2.2.2 Adaptive response during acute HBV infection 
Despite of the lack of proper innate response activation, this does not affect to adaptive 
response during HBV primo-infection. HBV-specific T cell response appears soon after the 
exponential HBV replication phase (Webster et al., 2000). Both, CD4+ and CD8+ specific 
responses are present and they are polyclonal, vigorous and multi-specific, when the viral 
control is obtained, while these responses are impaired when the infection progresses over 
chronicity (Maini et al., 1999). HBV control is achieved through the labor of HBV-specific 
CD8+ T cells. These cells are able to recognize infected hepatocytes and to destroy them by 
apoptosis, but also they produce type-I cytokines, such as gamma-interferon and TNF-
alpha, which are capable of non-cytopathic HBV clearing (Ferrari et al., 2003; Guidotti & 
Chisari, 2001). This response to become fully activated needs the adequate stimulation by 
professional antigen presenting cells and the correct regulation by specific CD4+ cells. HBV-
specific CD8+ T cells are responsible of HBV control, but they also initiate a minor liver 
damage. In fact, most HBV DNA is eliminated by non-cytolitic pathways before amino-
transferases elevation is detected. Nevertheless, the secreted IFN-gamma by these cells, in 
addition to the chemokines produced by infected hepatocytes, attracts non-specific 
mononuclear cells and polymorphonuclear cells, which are responsible of liver damage 
amplification (Guidotti & Chisari, 2006). This phenomenon is also acting in the pathogenesis 
of chronic disease. Specifically, during persistent infection, the HBV specific response is 
impaired and unable to control the infection, but the hepatocytes continue secreting 
chemokines to attract effector T cells. However, non-specific inflammatory cells are also 
attracted and they are the cause of the low grade of persistent liver damage (Bertoletti & 
Maini, 2000). 
During the acute phase of infection, antibodies (Ab) against HBsAg, HBeAg and core (HBc) 
Ag are produced by activated B cells. HBsAb and HBeAb production is T helper dependent, 
while HBcAb secretion is dependent and non-dependent from T helper action (Milich & 
Chisari, 1982). HBs antibodies are produced very early after infection, but they are not 
detected because they generate complexes with circulating antigens, and therefore they are 
not detected until the virus is controlled. HBs antibodies prevent viral spreading from one 
to another hepatocyte and also block circulating HBV. The detection of these antibodies 
means HBV control and confers natural immunity against re-infection. Observation of 
HBsAb occurs when HBV is controlled by immune system, and these are neutralizing Abs 
that will avoid HBV re-infection in case of a new encounter with the virus. HBc Abs are not 
neutralizing and they indicate HBV contact. When HBc IgM subtype is positive it means 
acute infection or HBV flare-up during chronic infection. HBe Abs appear before HBs Abs 
during acute HBV recovery and also when chronic patients shift from a replicative to a non-
replicative phase. Moreover, HBe Abs are also present during the HBV chronic replicative 
phase, when the infecting virus displays a pre-core mutation that avoids HBe Ag production 
(Maruyama et al., 1994; Milich & Liang, 2003). 
During adulthood, most of acute HBV infected cases recover and develop natural immunity 
due to the combination of a polyclonal, vigorous and multispecific cytotoxic and helper 
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response (Guidotti & Chisari, 2006). After a self-limited infection, a T cell response 
constriction is observed and a central memory T cell population is generated. In these cases, 
a long-lasting protective T cell response is developed. These cells keep under control the 
intrahepatic HBV traces for decades. In fact, in HBV recovered patients it is possible to 
demonstrate a T1 orientated multispecific cytotoxic and helper response, decades after 
primo-infection, and those responses are associated with the observation of HBV DNA in 
sera or PBMC using ultra-sensitive PCR techniques. These data show that HBV recovery 
does not mean HBV eradication, since despite of clinical recovery it is possible to 
demonstrate HBV viral traces that are maintained under control due to the adaptive 
memory immune response (Larrubia, 2011; Penna et al., 1996; Rehermann et al., 1996). 

2.3 HBV chronic infection 
Around 5-10% of HBV primoinfection progresses to chronicity in adult infection, while it 
reaches 95% of newborns from HBeAg-positive mothers and approximately 50% during 
childhood infection (Liaw et al., 2010). The development of a persistent HBV infection is 
based on a failure of HBV-specific response due to the induction of an anergic and pro-
apoptotic status on this response because of the high viral pressure (Maini et al., 2000a; 
Webster et al., 2004). Several mechanisms have been involved in the impairment of specific T 
cell response. Specific T cells behave as anergic cells with progressive impairment of type-1 
cytokine production, such as IL-2, IFN-gamma and TNF-alpha. The cytotoxic T cells are 
neither able to proliferate nor to kill infected hepatocytes after antigen encounter. 
Nevertheless, cytokines and chemokines produced in the infected liver are able to attract a 
non-specific inflammatory population causing the persistent liver damage. Several 
mechanisms are used by HBV to induce this anergic status, which will end-up in a pro-
apoptotic situation that could cause specific T cell deletion. Persistent high HBs 
antigenemia, massive production of defective viral particles and the toleraising liver 
environment induces an anergic condition on T cells. In fact, HBV infected liver is depleted 
in tryptophan and there is an accumulation in its toxic metabolite (IDO) which is able to 
induce immunotolerance (Larrea et al., 2007). Also, arginase I activity is increased during 
HBV infection provoking an arginine depletion on T cells which causes a CD3ζ down-
regulation. The effect of CD3ζ lower expression translates into IL-2 production impairment 
by HBV-specific CD8+ cells (Das et al., 2008). Interestingly, in the HBV infected liver is 
increased the secretion of immunosuppressive cytokines. IL-10 is produced by dendritic 
cells and Kupffer cells while transforming growth factor-beta (TGF-β) is secreted by stellate 
cells. The level of these cytokines correlates with HBV disease activity during chronic and 
acute infection (Dunn et al., 2009). Other escape mechanisms involve TRAIL-mediated 
deletion of HBV-specific CD8+ cells by NK cells (Dunn et al., 2007). Moreover, regulatory T 
cells can cause HBV-specific T cell activity suppression (Furuichi et al., 2005). On the other 
hand, persistent HBV infection favors the up-regulation of pro-apoptotic molecule Bim. This 
molecule mediates premature HBV specific cytotoxic T cell death following intrahepatic 
antigen presentation (Lopes et al., 2008). Another common mechanism, induced by HBV to 
evade immune system, is the induction of negative co-stimulatory molecules such as CTLA-
4, PD-1, Tim3 and Lag3. Excessive co-inhibitory signals drive T cell exhaustion during 
chronic HBV-infection (Maini & Schurich, 2010). Finally, HBV is also able to evade specific 
immune response by developing escape mutation at cytotoxic and helper immunodominant 
epitopes (Maini et al., 2000b). 
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Viral Hepatitis - Selected Issues of Pathogenesis and Diagnostics 

 

8 

2.3.1 Adaptive response during chronic HBV infection 
Chronic evolving infection is characterized by several progressive phases with different 
adaptive response features. The first stage is called immunotolerant phase. This is typical 
for countries with high rates of mother to child HBV transmission, but it is not seen in 
Western countries, where this route of transmission is not common. During this phase, 
HBV viral load is extremely high, but the liver damage and the anti-HBV immune 
response are absent. Several studies from D. Milich group, in HBe+ transgenic mice, have 
shown that the lack of HBV-specific immune response is due to some properties of 
HBeAg. This viral protein is able to cross the placenta to reach the offsprings thymus, 
where this is considered a self-antigen, eliciting HBe/HBc Ag-specific T helper cell 
tolerance in uterus (Milich et al., 1990). Moreover, during this phase, high HBV viral load 
inhibits adaptive immune response. In fact, frequency and function of HBV-specific T cells 
is inversely correlated with HBV viral load (Boni et al., 2007; Webster et al., 2004) (Fig.-2). 
In the natural history of chronic HBV infection, this phase is followed by the immuno-
clearance stage. This is the common starting point in persistent infection in Western 
countries. This phase is characterized by viral replication and liver damage fluctuations. 
Even though the specific immune response is quite inefficient, it is still able to obtain 
certain HBV control. During this phase, HBeAg seroconversion and HBV pre-core mutant 
selection is possible. HBe seroconversion allows the change to another HBV infection 
phase with a higher viral control and lower liver damage. HBe seroconversion is faster in 
individuals with certain polymorphisms at IL-10 and IL-12 genes. In these cases, high 
levels of IL-10 and IL-12 are observed and they are a predictor of spontaneous HBe 
seroconversion (Wu et al., 2010). Another typical feature of the immuno-clearance phase is 
the presence of HBV exacerbations, characterized by HBeAg level increase followed by 
transaminase level raise. The HBeAg level increase induces an activation of HBc/HBe 
specific response activation, after this a decrease in HBeAg and transminase level is 
observed, followed by a specific T cell response constriction. This data show that HBV-
specific T cell activation due to HBeAg level is causing acute exacerbations in HBeAg+ 
chronic patients (Frelin et al., 2009). This phenomenon can lead to liver damage 
generation, HBe seroconversion and pre-core mutant selection. During these HBV acute 
exacerbations, HBV-specific cytotoxic T cells destroy wild-type HBV infected hepatocyte 
producing liver damage. Moreover, if along this stage HBV pre-core mutants emerge, 
these cytotoxic T cells can select them, since the infected hepatocytes with these variants 
are not recognized properly by cytotoxic T cells. In fact, liver infected cells by the wild 
type virus are eliminated more efficiently by specific cytotoxic T cells than cells infected 
by the pre-core mutant. This is because wild-type infected cells presenting HBc and HBe 
epitopes are better targets for cytotoxic T cells than cells infected by HBV pre-core mutant 
expressing only core epitopes (Frelin et al., 2009). This situation leads to HBe antigen 
negative form of chronic hepatitis B with persistent liver damage, which is different to the 
wild-type HBe seroconversion where the infection can be consider inactive. This last one 
is the third phase of the chronic HBV natural history which is called low or non 
replicative phase, and corresponds to the clinical inactive carrier state. In this stage viral 
load and liver damage is very low. During this phase HBV-specific T cell responses are 
present and are quite efficient despite lack of liver damage. These cells are very competent 
in controlling infected hepatocytes, preventing HBV spreading and the development of 
liver infiltration by non-specific inflammatory cells, which are the cause of persistent liver 
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damage during chronic active hepatitis B. Therefore, it is considered that during the 
low/non-replicative phase HBV is under a partial control by HBV-specific response 
(Maini et al., 2000a). At this stage, it is possible to observe HBV reactivation associated 
with hepatitis flares, mainly in the case of infection by HBV pre-core mutants. This last 
phase of HBV natural history is called reactivation phase. The immunological causes of 
these reactivations are not very well known yet. During these hepatitis flares is not 
possible to demonstrate the presence of HBV-specific T cell reactivity, but it is observed 
NK cell activation which correlates with the degree of liver damage (Dunn et al., 2007). 
Therefore, in this last step of chronic HBV natural history, the innate response could be 
involved. 
 

 
Fig. 2. FACS® dot-plots from peripheral blood mononuclear cells of HBV infected patients 
with different HBV control stained directly ex-vivo with Ab against CD8 plus multimeric 
HLA-A2/core 18-27 complexes. A negative correlation between viral control and frequency 
of HBV-sepcific CD8+ cells is observed. Figures in the upper right quadrant show the 
frequency of HBV-specific CD8+ cells out of total CD8 population. 

In summary, HBV is not ever completely eliminated from the infected host, but there is a 
gradient of control according to the functional efficiency of HBV-specific response. In 
patients with HBV natural immunity, they present a HBV occult infection with a very 
efficient control by CD4+ and CD8+ specific HBV T cells. This immune control is partial in 
patients in the inactive carrier state and completely inefficient in cases with chronic active 
hepatitis (Boni et al., 2007; Maini et al., 2000a; Zerbini et al., 2008). Strategies directed to 
restore anti-HBV adaptive response could help in the permanent infection control. 
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3. HCV immunopathogenesis 
The hepatitis C virus (HCV) is an enveloped; positive stranded RNA virus and represents 
the Hepacivirus genus in the Flaviviridae family. It has been estimated that more than 170 
million people are infected with HCV, since clinical identification and molecular cloning of 
HCV in late 1980s. This virus is spread by contact with infected blood and body fluids. 
Approximately 80% of infections succeed in establishing a chronic infection with the 
potential for developing severe liver diseases such as cirrhosis and hepatocellular carcinoma 
(HCC) (Lavanchy, 2009; Tsukuma et al., 1993).  
No effective vaccine against HCV is available till date. Current standard-of-care therapy for 
HCV infection as peg-interferon-alpha and ribavirin (Pawlotsky, 2004), has limited efficacy, 
in particular against the genotype 1 virus (Fried et al., 2002; Manns et al., 2001). An extended 
search for new therapy is progressing, already passed for marketing authorization of the 
protease-inhibitors (Poordad et al, 2011). A major concern with new therapy is rapid 
development of drug-resistant viral mutants. Due to the failure or side effect of the 
treatment, stepping forward for understanding the immunopathogenesis of HCV infection 
is essential in the development of a therapeutic vaccine and immunomodulatory treatments 
for chronic infections. 
Due to the lack of adequate cell culture systems, HCV studies have been slowed down for a 
long time, but continuous progress in the last few years it has overcome this obstacle. In-
vivo model to study the biology of HCV have been significantly restricted due to the limited 
experimental availability of chimapanzees, the primary model for HCV (Alter et al., 1978; 
Bukh, 2004), and difficulties encountered in reproducing true infection in small animals. 
Two breakthroughs has been an important contribution to the field: firstly, subgenomic 
replicons (i.e. without structural genes) (Blight et al., 2000; Blight et al., 2003; Lohmann et al., 
1999), which are highly permissive for HCV replication (Blight et al., 2002) and secondly, 
HCV complete replication in cell culture (Lindenbach et al., 2005; Wakita et al., 2005; Zhong 
et al., 2005). However, it has long been recognized that these models are complicated by the 
particularly high error rate of the HCV RNA replicase (Rong et al., 2010). 
It is widely accepted that immune-mediated host-virus interactions are responsible for the 
outcome of HCV and pathogenesis of further severe diseases. In this chapter, it is covered 
how virus evades primary defense mechanisms. Finally, adaptive immune response escape 
mechanisms induced by HCV to become persistent are also analyzed. To be familiar with 
pathogenesis of HCV infection, a brief outline of HCV life cycle is provided below.  

3.1 Life cycle of HCV 
The development of HCV replicons (Blight et al., 2000; Blight et al., 2003; Ikeda et al., 2002; 
Lohmann et al., 1999), HCV pseudotyped particles (HCVpp) (Bartosch et al., 2003a) and most 
recently the infectious HCV cell culture system (Lindenbach et al., 2005; Wakita et al., 2005; 
Zhong et al., 2005) have advanced our understanding of the viral life cycle. Hepatocytes are 
the primary site of HCV infections. HCV life cycle begins with binding of the virus to cell 
surface receptors. The putative receptors, the tetraspanin protein CD81 (Bartosch et al., 
2003a; Hsu et al., 2003; Pileri et al., 1998; Wunschmann et al., 2000), the scavenger receptor 
class B member I (SR-B1) (Bartosch et al., 2003a; Grove et al., 2007; Kapadia et al., 2007; 
Scarselli et al., 2002) and the tight junction proteins claudin-1 (Evans et al., 2007) and 
occluding, (Benedicto et al., 2009; Liu et al., 2009; Ploss et al., 2009) have all been shown to 
enable HCV entry. In addition, the low-density lipoprotein receptor (Agnello et al., 1999; 
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Molina et al., 2007; Monazahian et al., 1999; Wunschmann et al., 2000), asialoglycoprotein 
receptor (Saunier et al., 2003), and glycosaminoglycans (heparin sulfate) are also involved, 
but their exact roles have not been determined. By clathrinmediated endocytosis (Blanchard 
et al., 2006; Meertens et al., 2006), HCV enters the cell. The virus undergoes an uncoating 
process by fusion between the viral envelope and endosomal membrane in the acidified 
endosomal compartment (Bartosch et al., 2003b; Haid et al., 2009; Hsu et al., 2003; 
Koutsoudakis et al., 2006; Lavillette et al., 2006; Tscherne et al., 2006) via E1/E2-mediated 
class II fusion (Garry & Dash, 2003; Lavillette et al., 2007), to expose the viral genomic RNA 
to host-cell machinery. About ~9.6 kb viral RNA genome is released into the host cell 
cytoplasm, to serve as template for the translation of the viral proteins. IRES-mediated 
translation of the HCV genome produces a single ~3,000 amino-acid polyprotein 
(Moradpour et al., 2004), which is processed by cellular and viral proteases into at least 10 
different protein products. These products include the structural proteins, which form the 
viral particle (the virus core and the envelope proteins E1 and E2), and the nonstructural 
proteins P7, NS3, NS4A, NS4B, NS5A and NS5B (Guidotti & Chisari, 2006). Viral replication 
is driven by minus strand intermediate. HCV double stranded RNA (dsRNA) is freely 
exposed in the cytoplasm of infected cell (Moradpour et al., 2004), which is recognizable for 
host innate immune system. Nucleocapsid is formed by assembling capsid proteins and 
genomic RNA and bud through intracellular membranes into cytoplasmic vesicles. Finally, 
by secretory pathway, mature enveloped virions release from the cell. 

3.2 Innate immune response during acute HCV infection 
The first response to HCV protein is thought to be IFN-β production by infected hepatocytes, 
which are able to secrete type I IFN. The infected cells are sensed with pathogen associated 
molecular patterns (PAMP), Toll like receptor (TLR3) (Marie et al., 1998) and retinoic acid–
inducible gene I (RIG-I) (Bauer et al., 2001; Sato et al., 2000) by endosomal dsRNA and cytosolic 
dsRNA respectively, which is an essential intermediate in the HCV replication cycle, and thus, 
they may be important in the pathogenesis of hepatitis C (Saito et al., 2008). RIG-I recruits IFN-
β promoter stimulator protein 1 (IPS-1; also called CARD adaptor inducing IFN-β CARDIF), 
virus-induced signaling adapter (VISA), and mitochondrial antiviral signaling protein (MAVS) 
(Hoshino et al., 2006; Meylan et al., 2005; Xu et al., 2005), after ATP-driven activity dependant 
on recognition of viral protein (Honda et al., 2004). On other hand, TLR3 dimerization, due to 
leucine-rich repeats (Liu et al., 1998), recruits the adapter protein, Toll–IL-1 receptor domain–
containing adaptor inducing IFN-β (TRIF). Both processes result in downstream signaling, 
nuclear translocation of IFN regulatory factor 3 (IRF3) and leads to stimulation of the 
transcription of a set of genes including IFN-β (Kawai & Akira, 2008). Antiviral state, induced 
by secreted IFN β, gives an alert to uninfected cells by activation of effector molecules. Binding 
of IFN -β to cognate receptor complex lead to the activation of JAK/STAT pathway, which 
results in the induction of IFN-stimulated genes (ISGs) and lead to enhance the IFN response 
(Rehermann, 2009) (Fig.- 3).  
However, HCV has organized a number of countermeasures not only to inhibit the 
induction phase, but also interfere with the effector phase of the IFN system (Fig.- 3). It has 
been confirmed, in in-vitro studies, that HCV serine protease, NS3/4A is enable to cleave 
MAVS (Li et al., 2005b), TRIF (Li et al., 2005a), IPS-1 (Foy et al., 2003) and oligomerization of 
MAVS, which is part of signaling process (Kawaguchi et al., 2004; Li et al., 2005a; Li et al., 
2005b; Marie et al., 1998; Meylan et al., 2005; Sakamoto et al., 2000). Disruption of IRF-3 
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activation occurred by NS3 protein action (Liu et al., 1999) and it has been shown with 
different cell lines in-vitro studies (Kawaguchi et al., 2004; Marie et al., 1998). Another key 
player, HCV core, when over expressed in cell culture, disturbs antiviral activity via 
interfering in JAK/STAT signaling and ISG expression by inhibition of STAT1 activation. 
Simultaneously it induces its degradation (Gale & Foy, 2005; Lin et al., 2006) by induction of 
inhibitor of the JAK/STAT pathway SOCS3 (Bode et al., 2003), protein phosphatase 2A 
(PP2A), which ultimately reduces the transcriptional activity of ISG factor 3 (ISGF3) (Heim 
et al., 1999); and inhibition of ISGF3 interaction to IFN-stimulated response elements 
(Rehermann, 2009). HCV NS5A interferes with the function of ISGs by inhibiting 2′-5′ 
oligoadenylate synthetase (2′-5′ OAS) and leads to overall ISG expression impairment 
(Polyak et al., 2001). Protein kinase R (PKR) can negatively regulate HCV replication 
noncytolytically in cell cultures (Kim et al., 2004; Zhao et al., 2004), which can interacts with 
HCV NS5A and lost its function. Interestingly, HCV E2 acts as distraction target to PKR 
(Taylor et al., 1999). To sum up, the main targets of HCV proteins to evade immune response 
are interference with the induction of IFN synthesis, IFN- induced intracellular signaling 
and IFN-induced effector mechanisms (Fig.-3). 
 

 
Fig. 3. Evasion of Innate immune response by HCV: (A) Interference in IFN synthesis: 
Blocking of TLR 3 and RIG-1 signalling respectively, by cleavage of the adaptor molecule 
TRIF and IPS-1 via HCV NS3/4A; (B) Interference in IFN-induced effector mechanisms: 
Binding of IFN β and its receptor with TYK2 and JAK1 kinase activation lead to form ISGF3 
complex, where this complex interact with IFN stimulated response elements (ISREs) within 
the promoter and enhancer region of ISGs to induce ISGs (such as 2’, 5’ OAS, PKR, IRF7) 
production in nucleus. HCV core induce SOCS1/3, which is the inhibitor of the JAK/STAT 
pathway and inhibits STAT1 phosphorylation, which inhibits assembly of trimeric ISGFs 
complex. Function of ISGs is inhibited by HCVE2 and HCV NS3/4A. 
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Dendritic cells (DC) are professional antigen presenting cells with important functions in 
antiviral immunity through activation of adaptive immune responses. Type-I IFNs are also 
produced by pDCs, which derive from the lymphoid lineage. Although, production of IFN 
alpha/beta, in early phase of infection occurs after recognition of ssRNA and dsRNA by 
TLR7 and TLR9 respectively, the mechanism is still not clear (Albert et al., 2008). The 
frequency of pDCs in the blood (Nakamoto et al., 2008) and their production of IFN-α in 
HCV infection is reduced after in vitro stimulation (Bowen et al., 2008). The possible 
mechanism has been demonstrated in in-vitro studies. First, HCV core and NS3 activate 
monocytes by TLR2 signaling to produce TNF-α (Izaguirre et al., 2003), which in turn 
inhibits IFN-α production and induces pDC apoptosis (Bowen et al., 2008). Second, HCV 
itself inhibits IFN-α production of pDCs (Diepolder et al., 1995). However, other studies 
revealed regular response to TLR stimulation by circulating pDCs of chronically infected 
individuals (Decalf et al., 2007; Longman et al., 2005) and they have high levels of 
endogenous type I IFNs without immuno-dysfuction (Albert et al., 2008). Although this 
defense mechanism is significant, the host rarely overcomes HCV infection, which suggests 
several other viral evasion mechanisms that are poorly or not understood yet. 
Another group of DCs, myeloid DCs (mDCs) derive from the myeloid lineage 
(Lanzavecchia & Sallusto, 2001; Steinman et al., 2003). Due to its tolerogenic and 
stimulatory role (Lanzavecchia & Sallusto, 2001; Steinman et al., 2003), mDCs have been 
broadly studied in HCV infection. mDCs have not been observed to be decrease in 
peripheral blood or dysfunctional in HCV chronic infected individuals in in-vitro studies 
(Kanto et al., 1999; Longman et al., 2004). Nevertheless, HCV proteins can interact with 
monocytes/macrophages through TLR2, inducing the IL-10 production, which hampers 
IL-12 production by mDC and IFN-alpha by pDC, or they directly inhibit DC 
differentiation (Szabo & Dolganiuc, 2005). IL-12 cytokine production by mDC is decreased 
in HCV patients in response to stimuli like CD40 L or poly (I:C) (Anthony et al., 2004), 
which can explain clearly the shift from Th1 to Th2 response in HCV patients. In-vitro 
studies indicates that DC expressing core and E1 proteins have lower stimulatory ability, 
which is associated to the lack of maturation after stimulation with TNF-alpha or CD40L 
(Sarobe et al., 2003).  
Other cells involved in the innate response are the NK cells. Functions of these cells include 
generating a cytotoxic response, regulatory cytokines production and control on DC 
maturation and amplitude of DC response, which may deeply impact on type of down-
stream adaptive immune responses. Response to HCV infection by NK cell is direct 
apoptosis induction of infected cells with production of antiviral cytokines (Golden-Mason 
& Rosen, 2006; Lodoen & Lanier, 2006). Moreover, NK cell depletion or dysfunction favor 
HCV persistence (Golden-Mason et al., 2008). The role of interactions between HLA class I 
and killer cell–Ig-like receptors (KIR) during HCV infection has been shown. KIR can 
regulate NK cell activities. However puzzling contradictions for this topic in different 
studies have been revealed (Montes-Cano et al., 2005; Paladino et al., 2007; Rauch et al., 2007). 
The importance of NK cells in the resolution of HCV infection is illustrated by the influence 
of genetic polymorphisms of KIR and their HLA ligands on the outcome of HCV infection, 
which was dependent on a homozygous HLA class I ligand background (Khakoo et al., 2004; 
Knapp et al., 2010; Stegmann et al., 2010). There is need to focus on clear understanding of 
functional and molecular HLA-KIR interactions to know about the possible way for NK cell-
mediated protection in animal models of HCV infection.  
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However, an increased proportion of NK cells expressing activating receptors, enhanced 
cytotoxicity and defective cytokine production have revealed in chronic HCV infection 
(Oliviero et al., 2009). Megan et al revealed that IL28A cytokine could significantly inhibit 
IFN-γ production lead to NK cell inactivation (Ahlenstiel et al., 2010), which would be 
important to attenuate chronically activated NK cells. Consequently, the analysis of 
functional scene between NK cells and type 3 IFN in the immune response to virus will be 
required to understand the role of the NK in disease progression during HCV infection. 

3.3 Adaptive immune response 
The second barrier to control HCV infection is the adaptive immunity. This response has 
two arms to fight against pathogens; humoral and cellular immune response. Humoral 
immune response, that means neutralizing and non-neutralizing antibodies can endorse 
antiviral activity and pathogenesis (Guidotti & Chisari, 2006). Cellular immune response 
shows antiviral immunity by means of virus specific CD8 cytotoxic T lymphocytes (CTLs) 
and CD4 T helper cells, which play key effector and regulatory roles respectively. These T 
cells take part in viral pathogenesis of HCV by direct killing of infected cells or producing 
soluble factors able to clear the virus in a non-cytolytic manner, but also can lead to HCV 
pathogenic events, favoring direct liver damage and attracting non-specific inflammatory 
cells to perpetuate the liver inflammation (Guidotti & Chisari, 2006). 

3.3.1 Humoral immune response 
Neutralizing antibodies (nAbs) generally play a critical role for controlling initial viremia 
and protecting from re-infection in viral infections. However, the role of the humoral 
immune response in the clearance of HCV infection has been in the dark for a long time due 
to difficulties to determine relative role of antibodies to neutralize HCV. It can exclusively 
be evaluated by relevant model systems. It is thought that HCV clearance could occur in the 
absence of nAbs. If they are present alone, these Abs are inadequate to eradicate HCV in 
most of the cases in early studies (Dustin & Rice, 2007; Lechner et al., 2000a; Lechner et al., 
2000b; Logvinoff et al., 2004; Thimme et al., 2002). 
It has been proved that HCV specific T cells may compensate for lack of neutralizing 
antibodies to obtain HCV clearance (Semmo et al., 2006). However, due to the development 
of novel model systems (Bartosch et al., 2003a; Baumert et al., 1998; Lindenbach et al., 2005; 
Wakita et al., 2005; Zhong et al., 2005), it is possible to focus on HCV entry into host cells and 
neutralization process which demonstrated that nAbs are induced by patients who 
subsequently control (Lavillette et al., 2005) or resolve (Pestka et al., 2007) viral infection in 
the early phase of infection and contrary in chronic infection. This suggests that a strong, 
early, broad nAbs response may contribute to resolution of HCV in the acute phase of 
infection while delayed induction of nAbs may contribute to development of chronic HCV 
infection.  
Instead of the rapid, vigorous and multi-specific antiviral host immune responses, chronic 
patients have been shown to develop a delayed and inefficient neutralizing antibody 
response (Pestka et al., 2007) due to HCV escape mechanism (Zeisel et al., 2008). Recent 
studies evident that entry of HCV can be hampered or modulated by nAbs of chronic HCV 
patients (Gal-Tanamy et al., 2008; Haberstroh et al., 2008; Keck et al., 2009), while it is 
controversial in cell culture study (Grove et al., 2008). In addition, although nAbs are 
incapable to clear the virus in chronic infection, due to selection pressure exerting on viral 
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variants, they contribute to the evolution of the HCV envelope sequences to escape (Farci et 
al., 2000; von Hahn et al., 2007). It has been proposed that HCV stimulates B cells in a B cell 
receptor-independent manner in chronic infection (Racanelli et al., 2006) and may favor the 
development of lymphoproliferative and autoimmune diseases (Guidotti & Chisari, 2006). 
Although, in vitro studies evident that the neutralization ability of HCV-specific nAbs 
enhanced by complement activation against pseudotyped viruses (Racanelli et al., 2006), 
there is absence of direct experimental evidence about the presence of any of these Ab-
mediated functions during natural HCV infection. However, immune complexes are 
believed to play a pathogenetic role in the development of manifestations such as 
cryoglobulinemia, glomerulonephritis, porphyria cutanea tarda, and necrotizing cutaneous 
vasculitis during chronic HCV infection (Agnello & De Rosa, 2004; Amarapurkar & 
Amarapurkar, 2002; Manns & Rambusch, 1999). 

3.3.2 Cellular immune response 
Cytotoxic T lymphocyte (CTL) responses are essential to control HCV infection. Efficiency of 
antiviral CTL responses depends on where these cells are primed. Efficient antiviral CTL 
response is observed when it is primed in lymphoid organs, whereas within the liver, 
priming is more tend to induce T cell inactivation, tolerance or apoptosis (Guidotti & 
Chisari, 2006). A strong, multispecific and long-lasting T-cell immune response emerge to be 
important for control of viral infection (Dustin & Rice, 2007; Zhang et al., 2009). Persistent 
HCV unsuccessfully control by T effector cells is due to multiple causes, such as: HCV 
escape mutant generation, immunosuppressive effects exertion, Tregs induction, or effector 
T cell exhaustion or apoptosis (Bassett et al., 1999; Thimme et al., 2006; Thimme et al., 2001; 
Larrubia et al., 2011).  
3.3.2.1 Adaptive cellular response during acute HCV infection 
Vigorous CD4+ and CD8+ T cell responses targeting multiple HCV regions with intrahepatic 
production of IFN-γ emerged in acute hepatitis C infection (Bowen & Walker, 2005; Lechner et 
al., 2000b; Thimme et al., 2001). Decreasing viral titer correlates precisely with the appearance 
of HCV-specific T cells and IFN-γ expression in the liver (Shin et al., 2006). The appearance of 
HCV-specific T cells can be detectable in the peripheral blood or in the liver compartment 
several weeks after infection in humans or experimental chimpanzee models (Dustin & Rice, 
2007; Rehermann, 2009), respective with primary peak of transaminases and irrespective of 
clinical outcome (resolution or chronicity). Delayed emerging of antigen-specific responses are 
also essential for the HCV control (Rehermann, 2009).  
The protective function of CD4+ T cells appear to be due to the production of antiviral 
cytokines, but also their helping nature to antiviral B cells and in maintenance of CD8+ T cell 
memory. The HCV clearance has been observed and correlated with vigorous proliferation of 
specific CD4+ T cells (Diepolder et al., 1995; Missale et al., 1996) with concurrent IL-2 and IFN-γ 
production (Kaplan et al., 2007; Urbani et al., 2006a). The early sustained development of CD4+ 
T cell response needs to be successful for viral clearance (Urbani et al., 2006a). Whereas, HCV-
specific CD4+ T cell responses are not observed in chronic HCV infection. Moreover, the 
recurrent viremia has been correlated with loss of previous strong CD4+ T cell responses after 
several months of viral clearance (Gerlach et al., 1999; Nascimbeni et al., 2003). Studies on the 
relative importance of CD4 help in spontaneous recovery in acute HCV infection 
demonstrated that fact (Smyk-Pearson et al., 2008). CTL priming in presence of CD4 help is 
critical factor in protective function (Urbani et al., 2006a).  
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On the other hand, the magnitude of CD8+ T cells response in acute HCV infection does not 
correlate with the clinical or viral outcome (Francavilla et al., 2004; Kaplan et al., 2007; Urbani 
et al., 2006a). Expression of a dysfunctional phenotype with weak proliferation, low IFN-γ 
production, impaired cytotoxicity and increased levels of the well known exhausted 
phenotype programmed death-1 receptor (PD-1) are found in HCV infection, irrespective of 
infection progression (Bowen et al., 2008; Keir et al., 2007; Nakamoto et al., 2008; Sharpe et al., 
2007; Trautmann et al., 2006; Urbani et al., 2006b; Larrubia et al., 2011). Antigen-dependent 
reactivity of HCV-specific CD8+ T cells has been proved by a rapid decay of CD8+ T cell 
responses during antiviral therapy (Rahman et al., 2004). However, the appearance of self-
sustaining memory T cells (CD127+ memory HCV-specific CD8+ T cells and CD4+ T cells) 
are necessary to control HCV infection (Lechner et al., 2000b; Thimme et al., 2001; Urbani et 
al., 2006a). In fact, years after HCV control due to anti-HCV treatment it is possible to find 
HCV traces in association with HCV-specific T cell reactivity. These data suggest that HCV-
specific memory T cells are essential to clear HCV infection completely after the initial acute 
clearing (Veerapu et al., 2011). 
3.3.2.2 Adaptive cellular response during chronic HCV infection 
Complete resolved HCV patients exhibit broader CTL responses with higher functional 
avidity and wider cross-recognition ability than patients with persistent HCV infection 
(Yerly et al., 2008). There are evidences that demonstrate rapid mutation in HCV genome, T 
cell exhaustion because of expression of inhibitory molecules (Fig.-4), immune regulatory 
cytokine induction and immune modulatory T reg cell activation, which are main reasons 
for HCV persistence in chronically infected patients (Hiroishi et al.2010; Pavio & Lai, 2003; 
Seifert et al., 2004; Tester et al., 2005; Larrubia et al., 2011). 
 

 
Fig. 4. FACS® dot-plots and histogramas of CD8+ cells from HCV patients with different viral 
control. CD8+ cells were stained with Abs anti IFN-gamma and anti-PD-1 plus pentemeric 
HLA-A2/NS3-1406 peptide complexes. A negative correlation between PD-1 expression and 
IFN-gamma production by HCV-specific T cells according to viral control is shown. 
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Like Retrovirus, HCV polymerase has high replication rate and lack of proofreading 
capacity, which permit a rapid virus escape from emerging humoral and cellular immune 
responses and lead to persistent infection (Chang et al., 1997; Tester et al., 2005). Mutation 
study in early HCV infection in HLA class I restricted epitopes targeted by CD8+ T cells are 
associated with persistence (Ray et al., 2005; Timm et al., 2004), which proved indirectly that 
HLA-restricted CD8+ T cells exert selection pressure. Furthermore, the HLA alleles can 
influence infection outcome (Neumann-Haefelin et al., 2006).  
The secretion of certain immuno-regulatory cytokines is also related with HCV persistence. 
IL-10 cytokine is found to increase in chronic HCV infection (Piazzolla et al., 2000). In 
chronic HCV patients, the suppression of IFN-γ production and proliferation of virus-
specific CD4+ and CD8+ T cells have been observed in livers with IL-10–producing HCV-
specific CD8+ T cells (Accapezzato et al., 2004). IL-10 produced by monocytes or NK cells 
downregulates effector T cell responses. For instance, monocytes secrete IL-10 in response to 
HCV core–mediated TLR2 stimulation in vitro (Dolganiuc et al., 2006). IL-10 producing 
HCV-specific CD8+ T cells inhibits IFN-α production (Duramad et al., 2003), but also 
promotes apoptosis of pDCs (Dolganiuc et al., 2006), and induces liver infiltration of 
chronically infected individuals, suggesting that they modulate liver immunopathology to 
favor HCV persistence (Accapezzato et al., 2004). In addition, intrahepatic HCV-specific IL-
10 producing CD8+ T cells prevent liver damage during chronic disease (Abel et al., 2006). 
Moreover, TGF-b is also involved in antiviral immune suppression and chronic HCV 
infection evolution (Alatrakchi et al., 2007). To sum up these data, regulatory cytokines such 
as IL-10 or TGF-beta decrease liver inflammation, after affecting the protective immune 
response, developing a dual task. First of all, they impair T cell responses to allow viral 
persistence but also decrease liver damage to extend host survival.  
Regulatory T cells (Tregs) are important to control the balance between host damage and 
viral control produced by specific immune response. In cases of excessive immune response, 
that could be harmful for the host, these cells can induce immune-tolerance to the viral 
epitopes. Tregs are derived from natural or induced T cell populations, in which natural 
CD4+ Tregs are generated during normal T cell development in the thymus, whereas 
induced Tregs are generated from mature T cells (Bluestone & Abbas, 2003). T cell subset 
with suppressive function, CD4+ CD25+ FoxP3+ regulatory T (Treg) cells, engages in the 
control of auto-immunity and immune responses, through various mechanisms including 
the inhibition of APC maturation and T-cell activation (Shevach, 2009). No difference has 
been found in the frequency of Treg cells and the extent of suppression irrespective of the 
outcome of the infection (Manigold et al., 2006). However, higher Tregs frequency has been 
observed in chronic HCV infected patients than in resolved patients (Boettler et al., 2005; 
Cabrera et al., 2004; Rushbrook et al., 2005; Sugimoto et al., 2003). Interestingly, depletion of 
CD25+ cells could enhance responsiveness of the remaining HCV-specific effector cells in 
vitro (Boettler et al., 2005; Cabrera et al., 2004; Sugimoto et al., 2003), which suggest a 
fundamental role of Tregs in the establishment of chronic HCV infection. Moreover, Treg 
cells are induced and proliferate in chronic HCV infection and appeared to alter liver 
inflammation (Zerbini et al., 2008). Conversely, Programmed Death ligand-1 (PDL-1) 
mediated inhibition limits the expansion of Tregs by controlling STAT-5 phosphorylation 
(pSTAT-5) (Franceschini et al., 2009), which can diminish suppressive function of Tregs, lead 
to viral load control and ultimately ensure long-lasting survival of the host. 
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On the other hand, the magnitude of CD8+ T cells response in acute HCV infection does not 
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Seifert et al., 2004; Tester et al., 2005; Larrubia et al., 2011). 
 

 
Fig. 4. FACS® dot-plots and histogramas of CD8+ cells from HCV patients with different viral 
control. CD8+ cells were stained with Abs anti IFN-gamma and anti-PD-1 plus pentemeric 
HLA-A2/NS3-1406 peptide complexes. A negative correlation between PD-1 expression and 
IFN-gamma production by HCV-specific T cells according to viral control is shown. 
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Like Retrovirus, HCV polymerase has high replication rate and lack of proofreading 
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Fig. 5. Scheme showing the balance between co-stimulatory/apoptotic molecules and HCV-
specific CTLs reactivity according to infection outcome. Neg.: negative. Pos.: positive. CTLs: 
cytotoxic T lymphocytes. HCV: hepatitis C virus. (+): possible molecules induced by HCV 
infection. (-): possible molecules down-regulated by HCV infection. 

HCV is able to induce the up-regulation of different negative co-stimulatory molecules in 
order to provoke an anergic status on HCV-specific T cells. Expression of the inhibitory 
receptor PD-1 is one of these molecules involved in the generation of a state of exhaustion 
on HCV-specific CD8+ T cells during chronic HCV infection (Barber et al., 2006; Larrubia et 
al., 2009b). Importance of expression of PD-1 in HCV-specific T cell failure mechanism has 
been observed (Golden-Mason et al., 2007; Radziewicz et al., 2007), which can hinder by 
mutation in T cell epitopes (Rutebemberwa et al., 2008). In addition, blocking of PD-1 
signaling resulted in the functional restoration of blood-derived HCV-specific CD8+ T cell 
responses in chronic infection (Penna et al., 2007; Radziewicz et al., 2007). However, the PD-1 
alone is not sufficient in defining exhausted HCV-specific CD8+ T cells during HCV 
infection. To restore function of HCV-specific T cells isolated from liver biopsies of infected 
patients, there is need of CTLA4 blockade in addition to PD-1 blockade (Nakamoto et al., 
2009). In addition, the co-expression of other inhibitory receptors such as 2B4, CD160, Tim-3 
and KLRG1 occurred in about half of HCV-specific CD8+ T cell responses and correlate with 
low or intermediate level of CD127 expression, impaired proliferative capacity, an 
intermediate T cell differentiation stage (Bengsch et al., 2010). These data indicates that HCV 
infection modulates different negative co-stimulatory molecules to favor the development of 
HCV-specific CD8+ T cell exhaustion. On the other hand, HCV infection is also able to 
regulate pro-apototic pathways to induce HCV-specific T cell deletion in order to escape 
from immune response. HCV-specific CTLs from chronic patients targeting the virus 
express an exhausted phenotype associated to the up-regulation of the pro-apototic 
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molecule Bim. The activity of this molecule is contra-regulated by the anti-apoptotic 
molecule Mcl-1. Interestingly, the reactivity of these cells is impaired but can be restored by 
blocking apoptotic pathways (Larrubia et al., 2011).  
In summary, HCV is able to impair adaptive immune response at different levels. The 
effector population in charged of HCV clearing is defective because HCV is able to induce 
on those cells anergy and apoptosis (Fig.-5). Moreover, HCV is able to escape humoral 
response and cellular response by escape mutations in immunodominant epitopes. Finally, 
HCV is also quite efficient in the impairment of the specific T helper response, which is 
essential to organize the humoral and cellular response. To perform all these immune-
escape strategies, HCV takes advantage of the pro-anergenic environment of the infected 
liver, because HCV-specific T cell priming at this level is not efficient to develop adequate 
effector cells. As it was commented for HBV infection, HCV immune response restoration 
could be an interesting therapeutic tool to help in viral clearance in chronic patients.  

4. Accepted model of HBV&HCV pathogenesis  
As previously commented, specific CTLs play a central role in HBV&HCV 
immunopathogenesis. These cells are able to kill some infected hepatocytes inducing a 
minor liver damage, but also they secrete type-I cytokines responsible for non-cytopathic 
virus clearing. To attract these cells into the liver the infected hepatocytes secrete another 
kind of cytokines called chemokines. The migration of lymphocytes to the liver is a complex 
process including adhesion, rolling, triggering, and transendothelial migration. Chemokines 
and their receptors play an essential role in this multistep pathway (Springer, 1994). During 
primoinfection, when the adaptive immune system is not able to control infection, the 
infected hepatocytes continue secreting chemokines to try to attract more defensive cells. In 
viral chronic hepatitis, the expression of different chemokines in the liver has been 
described. CXCL-10 is increased in the liver and peripheral blood during viral chronic 
hepatitis (Larrubia et al., 2007; Shields et al., 1999; Tan et al., 2010; Wang et al., 2008). This 
molecule is produced by hepatocytes and sinusoidal endothelial cells. Moreover, CXCL9 
and CXCL11 are also increased in serum and liver of subjects with chronic viral hepatitis 
(Bieche et al., 2005). CXCL9 is detected primarily on sinusoidal endothelial cells, while 
CXCL-11 is produced mainly by hepatocytes (Apolinario et al., 2002). CCL5 intrahepatic 
expression is also elevated in viral chronic hepatitis and is produced by hepatocytes, 
sinusoidal endothelial cells and biliary epithelium. Finally, several studies have reported an 
increased level of CCL3 and CCL4 either in the liver or in serum. These molecules are 
detected on endothelial cells, on some hepatocytes and biliary epithelial cells (Apolinario et 
al., 2004). The expression of all these chemokines in the liver can be induced directly by viral 
proteins. Previous reports have shown a high hepatocyte synthesis of CXCL10, CXCL9 and 
CCL5, induced by some HCV proteins such as NS5A and core (Apolinario et al., 2005), 
although a recent in-vitro study suggests that HCV proteins could also decrease CCL5 and 
CXCL10 genes expression (Sillanpaa et al., 2008). All these chemokines recruit T cells with a 
Th1/Tc1 phenotype, expressing specific chemokine receptors such as CCR5 and CXCR3. 
The non-ELR-CXC chemokine attracts CXCR3 expressing T cells while CC chemokine 
attract CCR5 expressing T cells to the liver. Consequently, in viral chronic hepatitis, an 
intrahepatic enrichment of CCR5 and CXCR3 expressing T cells, located in hepatic lobule 
and portal tracts has been shown, while these populations are very infrequent in uninfected 
subjects (Bertoletti & Maini, 2000; Larrubia et al., 2008) (Fig.- 6). 
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molecule Bim. The activity of this molecule is contra-regulated by the anti-apoptotic 
molecule Mcl-1. Interestingly, the reactivity of these cells is impaired but can be restored by 
blocking apoptotic pathways (Larrubia et al., 2011).  
In summary, HCV is able to impair adaptive immune response at different levels. The 
effector population in charged of HCV clearing is defective because HCV is able to induce 
on those cells anergy and apoptosis (Fig.-5). Moreover, HCV is able to escape humoral 
response and cellular response by escape mutations in immunodominant epitopes. Finally, 
HCV is also quite efficient in the impairment of the specific T helper response, which is 
essential to organize the humoral and cellular response. To perform all these immune-
escape strategies, HCV takes advantage of the pro-anergenic environment of the infected 
liver, because HCV-specific T cell priming at this level is not efficient to develop adequate 
effector cells. As it was commented for HBV infection, HCV immune response restoration 
could be an interesting therapeutic tool to help in viral clearance in chronic patients.  

4. Accepted model of HBV&HCV pathogenesis  
As previously commented, specific CTLs play a central role in HBV&HCV 
immunopathogenesis. These cells are able to kill some infected hepatocytes inducing a 
minor liver damage, but also they secrete type-I cytokines responsible for non-cytopathic 
virus clearing. To attract these cells into the liver the infected hepatocytes secrete another 
kind of cytokines called chemokines. The migration of lymphocytes to the liver is a complex 
process including adhesion, rolling, triggering, and transendothelial migration. Chemokines 
and their receptors play an essential role in this multistep pathway (Springer, 1994). During 
primoinfection, when the adaptive immune system is not able to control infection, the 
infected hepatocytes continue secreting chemokines to try to attract more defensive cells. In 
viral chronic hepatitis, the expression of different chemokines in the liver has been 
described. CXCL-10 is increased in the liver and peripheral blood during viral chronic 
hepatitis (Larrubia et al., 2007; Shields et al., 1999; Tan et al., 2010; Wang et al., 2008). This 
molecule is produced by hepatocytes and sinusoidal endothelial cells. Moreover, CXCL9 
and CXCL11 are also increased in serum and liver of subjects with chronic viral hepatitis 
(Bieche et al., 2005). CXCL9 is detected primarily on sinusoidal endothelial cells, while 
CXCL-11 is produced mainly by hepatocytes (Apolinario et al., 2002). CCL5 intrahepatic 
expression is also elevated in viral chronic hepatitis and is produced by hepatocytes, 
sinusoidal endothelial cells and biliary epithelium. Finally, several studies have reported an 
increased level of CCL3 and CCL4 either in the liver or in serum. These molecules are 
detected on endothelial cells, on some hepatocytes and biliary epithelial cells (Apolinario et 
al., 2004). The expression of all these chemokines in the liver can be induced directly by viral 
proteins. Previous reports have shown a high hepatocyte synthesis of CXCL10, CXCL9 and 
CCL5, induced by some HCV proteins such as NS5A and core (Apolinario et al., 2005), 
although a recent in-vitro study suggests that HCV proteins could also decrease CCL5 and 
CXCL10 genes expression (Sillanpaa et al., 2008). All these chemokines recruit T cells with a 
Th1/Tc1 phenotype, expressing specific chemokine receptors such as CCR5 and CXCR3. 
The non-ELR-CXC chemokine attracts CXCR3 expressing T cells while CC chemokine 
attract CCR5 expressing T cells to the liver. Consequently, in viral chronic hepatitis, an 
intrahepatic enrichment of CCR5 and CXCR3 expressing T cells, located in hepatic lobule 
and portal tracts has been shown, while these populations are very infrequent in uninfected 
subjects (Bertoletti & Maini, 2000; Larrubia et al., 2008) (Fig.- 6). 
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Persistent HBV&HCV infection is characterized by a non-specific inflammatory infiltrate in 
the liver, mainly of CD8+ cells (Sprengers et al., 2005), responsible for liver damage. These 
cells are attracted by the interaction between the intrahepatic secreted chemokines and the 
chemokine receptors expressed on T cells. Actually, previous reports have shown a 
correlation between liver inflammation and liver infiltrating CXCR3/CCR5 expressing T 
cells. The frequency of these cells was positively correlated with portal and lobular 
inflammation but not with liver fibrosis (Larrubia et al., 2007). These data suggest that CCR5 
and CXCR3 could play an important role in chronic liver damage by means of inflammatory 
T cells recruitment into the liver. Moreover, several previous studies have also shown a 
correlation between liver inflammation and chemokine levels. Intrahepatic CXCL10 mRNA 
levels are associated with intralobular inflammation (Harvey et al., 2003). Similarly, CXCL9 
and CXCL11 correlate with the grade of liver inflammation (Helbig et al., 2004). 
Furthermore, CC chemokines are also correlated with the intrahepatic inflammatory activity 
(Kusano et al., 2000). Clearly, intrahepatic CCL5 positive cells correlate with the 
inflammatory activity. Bearing in mind all the previous data it is possible to speculate that 
 

 
Fig. 6. Scheme showing the role of T cell intrahepatic recruitment according to the degree of 
liver damage and viral control. In resolved HBV/HCV infection an adequate effector T cell 
response is attracted to the liver to clear the virus. After that, a memory T cell population is 
continuously patrolling the liver to keep under control viral traces. Nevertheless, in 
persistent infection after specific T cells failure to control infection, a non-specific 
immflamatory infiltrate is sequestered into the liver, responsible of the persistent liver 
damage. 
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chemokines are secreted in the infected liver to attract an adaptive immune response able to 
clear the virus. Unfortunately, when the specific response fails these chemokines also attract 
non-specific mononuclear and polymorphonuclear cells, which are not able to remove the 
virus but produce liver inflammation (Kakimi et al., 2001). Therefore, as chemokines are 
nonspecific chemoattractants, intrahepatic inflammatory infiltrate during chronic infection 
is mainly non-virus-specific and consequently unable to eliminate the infection, but able to 
produce cytokines capable of initiating and perpetuating hepatic fibrogenesis (Bertoletti & 
Maini, 2000; Bertoletti et al., 2010; Friedman, 2003; Larrubia et al., 2008). 

5. Mechanisms to restore adaptive immune response in HBV&HCV infection  
Bearing in mind that specific T responses are essential to control HCV during natural 
immune response, several studies have been performed to analyze the role of different 
therapeutic approaches on T cell response to know whether it is possible to reverse T cell 
dysfunction in-vivo. Longitudinal analysis of HBV-specific responses during IFN- 
treatment did not show a significant increase of these responses during treatment 
(Sprengers et al., 2007). Nevertheless, it was observed an improvement after treatment in 
patients with resolved infection (Carotenuto et al., 2009). During HCV infection, the same 
scenario was observed (Barnes et al., 2002), although some studies have demonstrated a 
restoration of T cell response in sustained viral responders (Kamal et al., 2002). However, 
patients presenting a better HCV-specific CD8 cell proliferative potential at baseline, are 
more likely to present a rapid and sustained viral response. Moreover, after treatment a 
HCV-specific T-cell response enhancement is observed in sustained viral responders (Pilli et 
al., 2007). The absence of T cell reactivity improvement during treatment could be due to the 
direct anti-proliferative effect of IFN-. Obviously, this effect could counteract the positive 
consequence of decreasing viral pressure on specific-T cells during treatment. Nevertheless, 
these data also could suggest that is important to restore a specific T cell response, at least at 
the end of treatment, to keep under control residual viral traces. In HBV infection, several 
papers dealing with the role of nucleot(s)ide analogues (NUCs) treatment on anti-HBV 
immune response have shown that they are able to reconstitute temporally HBV-specific 
CD4 and CD8 responses (Boni et al., 1998; Cooksley et al., 2008). Moreover, these treatments 
can decrease the frequency of Tregs during treatment (Stoop et al., 2007) and specifically to 
decrease the ratio Treg:Th17 (Zhang et al., 2010). These data suggest that the NUCs are 
controlling the infection not only through an anti-viral effect but also helping to restore 
specific immune response. In any case, all these effects on specific T cells are partial and 
limited in time. For that reason other immunoregulatory therapeutic approaches are being 
considered. Several pre-clinical studies have been performed to try to restore HBV/HCV 
specific responses in-vitro and in animal models. Modulation of negative co-stimulatory 
molecules, in addition to blocking immunosupressive cytokines could be promising 
strategies to restore an effective T cell response. The modulation of negative co-stimulatory 
molecules, such as PD-1, CTLA-4, Tim-3, has shown in-vitro to increase specific-T cell 
reactivity. This can be also enhanced using Abs to block the regulatory cytokine IL-10. 
Experts in immunotherapy have suggested that after restoring a T cell response could be 
necessary to boost that response using a therapeutic vaccine. Although these results seem to 
be quite promising, the blockade of negative co-stimulatory pathways in addition to IL-10 
could lead to the development of autoimmune diseases, which could prevent the use of this 
strategy as a therapeutic tool in humans. Therefore, more research is necessary in this field 
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before these strategies are suitable for the treatment of chronic viral infections (Ferrari, 2008; 
Fisicaro et al., 2010; Larrubia et al., 2011; Nakamoto et al., 2009). 

6. Conclusions  
HBV & HCV are two hepatotropic non-cytopathic viruses able to develop a chronic liver 
disease. The innate immune response is defective in both infections, residing the viral 
control in the efficacy of adaptive immune response. HBV&HCV specific CTL response play 
a central role in viral control through cytopathic and non-cytopathic mechanisms. 
Nevertheless, during persistent infection, adaptive response is impaired due to exhaustion 
and deletion. Several in-vitro strategies have shown to be effective in its restoration but it is 
necessary more research before these approaches can be applied to clinical practice. Finally, 
when the virus is not controlled by adaptive response a non-specific inflammatory infiltrate 
is attracted to the liver which is responsible for the persistent low-grade liver damage, 
allowing the generation of liver fibrosis during disease progression. 
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control in the efficacy of adaptive immune response. HBV&HCV specific CTL response play 
a central role in viral control through cytopathic and non-cytopathic mechanisms. 
Nevertheless, during persistent infection, adaptive response is impaired due to exhaustion 
and deletion. Several in-vitro strategies have shown to be effective in its restoration but it is 
necessary more research before these approaches can be applied to clinical practice. Finally, 
when the virus is not controlled by adaptive response a non-specific inflammatory infiltrate 
is attracted to the liver which is responsible for the persistent low-grade liver damage, 
allowing the generation of liver fibrosis during disease progression. 
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1. Introduction  
Chronic viral hepatitis caused by Hepatitis B virus (HBV), Hepatitis C virus (HCV) and 
Hepatitis D virus (HDV) infection is among the most frequent causes for liver related 
morbidity and mortality worldwide. In recent years, it has become clear that not only the 
adaptive but also the innate immune system is involved in the pathogenesis of these 
infections. The innate immune system represents the initial line of host defense against 
invading pathogens. Germline-encoded pathogen recognition receptors (PRR), that are able 
to recognize specific structures of microorganisms, are an important component of this 
system. Amongst these, Toll like receptors (TLR) are a family of PRR perceiving a wide 
range of microorganisms, including bacteria, fungi, protozoa and viruses. Hepatitis viruses 
have evolved evading strategies to subvert the innate immune system of the liver which is 
of relevance for understanding the mechanisms that lead to chronicity of these infections 
and to develop novel therapeutic approaches based on these findings. Thus, recent studies 
suggested that TLR-based therapies may represent a promising approach in the treatment in 
viral hepatitis. This chapter focuses on the role of local innate immunity of the liver in the 
pathogenesis of chronic viral hepatitis.  

2. Innate immunity 
It has been suggested that the innate immune system is of particular relevance in the early 
phase of viral and bacterial infections (Fearon and Locksley, 1996). PRR become activated 
immediately after exposure to infectious agents and activation of downstream signaling 
pathways leads to the expression of effector molecules that limit microbial replication 
(Biron, 1998; Epstein et al. 1996). PRR sense evolutionary highly conserved structures, so-
called pathogen-associated molecular patterns (PAMPs). Within this process the TLR system 
is one of the main players (Medzhitov & Janeway, Jr., 2000; Medzhitov, 2001).  

2.1 Toll like receptor system 
Activation of the TLR system leads to the expression of pro-inflammatory (IL-6, IL-12, TNF-
α,…) as well as anti-inflammatory cytokines (IL-10,…) by responsive cell types. TLR7, -8 and 
-9 additionally initiate Interferon-α (IFN-α) expression after binding of their specific ligands. 
Stimulation of TLR3 and -4 results in expression of IFN-β as well as immunoregulatory 
cytokines (Akira et al. 2006; Takeda & Akira, 2005).  
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1. Introduction  
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Hepatitis D virus (HDV) infection is among the most frequent causes for liver related 
morbidity and mortality worldwide. In recent years, it has become clear that not only the 
adaptive but also the innate immune system is involved in the pathogenesis of these 
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invading pathogens. Germline-encoded pathogen recognition receptors (PRR), that are able 
to recognize specific structures of microorganisms, are an important component of this 
system. Amongst these, Toll like receptors (TLR) are a family of PRR perceiving a wide 
range of microorganisms, including bacteria, fungi, protozoa and viruses. Hepatitis viruses 
have evolved evading strategies to subvert the innate immune system of the liver which is 
of relevance for understanding the mechanisms that lead to chronicity of these infections 
and to develop novel therapeutic approaches based on these findings. Thus, recent studies 
suggested that TLR-based therapies may represent a promising approach in the treatment in 
viral hepatitis. This chapter focuses on the role of local innate immunity of the liver in the 
pathogenesis of chronic viral hepatitis.  

2. Innate immunity 
It has been suggested that the innate immune system is of particular relevance in the early 
phase of viral and bacterial infections (Fearon and Locksley, 1996). PRR become activated 
immediately after exposure to infectious agents and activation of downstream signaling 
pathways leads to the expression of effector molecules that limit microbial replication 
(Biron, 1998; Epstein et al. 1996). PRR sense evolutionary highly conserved structures, so-
called pathogen-associated molecular patterns (PAMPs). Within this process the TLR system 
is one of the main players (Medzhitov & Janeway, Jr., 2000; Medzhitov, 2001).  

2.1 Toll like receptor system 
Activation of the TLR system leads to the expression of pro-inflammatory (IL-6, IL-12, TNF-
α,…) as well as anti-inflammatory cytokines (IL-10,…) by responsive cell types. TLR7, -8 and 
-9 additionally initiate Interferon-α (IFN-α) expression after binding of their specific ligands. 
Stimulation of TLR3 and -4 results in expression of IFN-β as well as immunoregulatory 
cytokines (Akira et al. 2006; Takeda & Akira, 2005).  
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TLRs are associated with cellular membranes and have a highly conserved cytosolic domain 
with similarity to the Interleukin-1 receptor and are therefore called Toll/IL-1 receptor (TIR). 
Binding of a specific pathogen-associated molecular pattern (PAMP) to these receptors leads to 
recruitment and activation of adapter molecules. All TLRs except TLR3 are able to activate the 
myeloid differentiation primary response gene 88 (MyD88). TLR2 and -4 integrate the TIR 
domain containing adapter protein (TIRAP) to active MyD88. MyD88-dependent signaling 
further involves Interleukin-1 receptor associated kinases 1 (IRAK1) and -4 (IRAK4) and 
Tumor necrosis factor (TNF) receptor associated factor 6 (TRAF6) to dissociate the Nuclear 
factor Κappa B (NFκB)-Inhibitor IκB. This is followed by translocation of NFκB into the 
nucleus and transcription of immunoregulatory genes (Takeda & Akira, 2005). MyD88 
signaling additionally activates mitogen-activated protein kinases (MAPKs) which further 
activate AP-1 signaling resulting in cytokine expression. MyD88 signaling of endosomally 
located TLR7, -8 and -9 additionally promotes activation of Interferon regulatory factor 7 (IRF-
7) which initiates the expression of IFN-α (Honda & Taniguchi, 2006).  
TLR3 signaling is MyD88 independent. Activation of the TIR domain containing adaptor 
inducing IFN-β (TRIF) results in phosphorylation of IRF-3 followed by induction of IFN-β 
expression. TRIF additionally mediates activation of TRAF6 leading to translocation of 
NFκB as described before. TLR4 activates the toll-interleukin 1 receptor domain containing 
adaptor protein (TIRAP) to activate MyD88-dependent signaling as well as the TRIF-related 
adaptor molecule (TRAM) to enable TRIF dependent induction of IFN-β (Akira & Takeda, 
2004; Honda & Taniguchi, 2006; Takeda and Akira, 2005) (Figure 1). 
 

 
Fig. 1. Toll like receptor signaling  
Activation of Toll like receptors leads to recruitment of the adaptor molecules MYD88, 
TIRAP, TRIF and TRAM. Downstream signaling involves TAK1, MAPKs, TRAF3, TBK1 and 
IKKs leading to nuclear translocation of transcriptions factors (AP-1, NFκB, IRF-3 or IRF-7) 
and subsequent transcription of inflammatory genes. 
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2.2 Local immune system of the liver 
The liver represents an immunological organ in which blood from the gastrointestinal tract, 
enriched with nutrients and antigens, flows through sinusoids in close contact to antigen-
presenting cells (APC) and lymphocytes (Figure 2). Physiological functions of the liver 
include protein synthesis and metabolism as well as removal of pathogens and antigens 
from the blood. This necessitates a locally regulated immune system. Efficient elimination of 
pathogenic microorganisms derived from the gastrointestinal tract must be accompanied by 
tolerance induction for a large number of harmless antigens to avoid unnecessary damage of 
hepatocytes that represent two third of the total liver cell population (Knolle & Gerken, 
2000). The remaining cells consist of non-parenchymal liver cells (NPC) including Kupffer 
cells (KC), liver sinusoidal endothelial cells (LSEC), stellate cells, dendritic cells (DC) and 
intrahepatic lymphocytes.  
It has been proposed that the liver is an organ of tolerance induction rather than induction 
of immunity. Therefore, the different types of APC may contribute in different ways to reach 
homeostasis of the local microenvironment (Racanelli & Rehermann, 2006). LSECs represent 
about 50% of the NPCs and form a fenestrated monolayer separating hepatocytes from the 
blood stream. LSECs are able to perform receptor-mediated endocytosis or phagocytosis 
with comparable efficacy as DCs. Processed peptides are loaded onto the major 
histocompatibility complex (MHC) class I and II molecules and are presented to passing 
lymphocytes. KCs represent approximately 20% of the NPC population of the liver, located 
in the hepatic sinusoids, where they are in close contact to the blood and passing 
lymphocytes. This exposed location enables Kupffer cells to take up antigens or debris from 
the blood stream and to induce inflammation or maintenance of tolerance (Sun et al.  2003). 

2.3 The role of liver cells as part of the local innate immunity 
TLR have recently been recognized to play an important role in the pathogenesis of chronic 
hepatitis. Activation of TLR signaling pathways results in an antiviral state of liver cells, 
thereby offering the possibility for the development of novel therapeutic strategies. 
Hepatocytes express TLRs and are able to respond to stimulation with TLR ligands. The 
expression of TLRs was demonstrated for primary human and murine hepatocytes as well 
as hepatoma cell lines including HepG2 and Huh7. The functionality of the TLR pathways 
in these cell systems was shown by analysis of cellular responses to various TLR ligands 
(Preiss et al. 2008; Thompson et al. 2009; Xia et al.  2008; Wu et al. 2007; Zhang et al. 2009; 
Broering et al. 2008).   
Non-parenchymal liver cells; Kupffer cells; sinusoidal endothelial cells and hepatic stellate 
cells are important players to mount local innate and adaptive immune responses in the 
liver (Kimura et al.  2002; Knolle & Gerken, 2000). Studies regarding the diversification of 
TLR signaling pathways in NPC revealed that KC respond to all TLR ligands by producing 
TNF-α or IL-6. Only TLR3 and TLR4 activation leads to expression of IFN-β in KC. In 
addition, TLR1 and -8 ligands significantly upregulate MHC class II and costimulatory 
molecules. For TLR8-activated KC, high levels of T cell proliferation and IFN-γ production 
could be shown in mixed lymphocyte reactions (MLR). Similarly, LSEC respond to TLR3 
ligands by producing IFN-β, to TLR1-4, -6 and TLR8-9 ligands by producing TNF-α, and to 
TLR3 and -4 ligands by producing IL-6. Interestingly, LSEC failed to stimulate allogeneic T 
cells in MLR despite significant upregulation of MHC class II and costimulatory molecules 
in response to TLR8 ligands (Wu et al. 2009). Taken together, NPC display a restricted TLR-
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TLRs are associated with cellular membranes and have a highly conserved cytosolic domain 
with similarity to the Interleukin-1 receptor and are therefore called Toll/IL-1 receptor (TIR). 
Binding of a specific pathogen-associated molecular pattern (PAMP) to these receptors leads to 
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Fig. 1. Toll like receptor signaling  
Activation of Toll like receptors leads to recruitment of the adaptor molecules MYD88, 
TIRAP, TRIF and TRAM. Downstream signaling involves TAK1, MAPKs, TRAF3, TBK1 and 
IKKs leading to nuclear translocation of transcriptions factors (AP-1, NFκB, IRF-3 or IRF-7) 
and subsequent transcription of inflammatory genes. 
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2.2 Local immune system of the liver 
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mediated activation profile when compared to ‘classical’ APCs which may also explain, at 
least in part, their tolerogenic function in the liver. 
 

 
Fig. 2. Cell populations of the hepatic microenvironment 
The hepatocytes are lined by the liver sinusoid endothelial cells (LSEC), preventing direct 
cell to cell contact to passing leucocytes, Kupffer cells (KC), dendritic cells (DC) or 
lymphocytes (T cells). Hepatic stellate cells (HSC) are located in the Space of Dissé between 
LSECs and hepatocytes. 

3. Chronic viral hepatitis 
Currently, five different human hepatitis viruses have been characterized: Hepatitis A virus 
(HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus (HDV) and 
hepatitis E virus (HEV). HAV is a single-stranded, unenveloped RNA virus encoding for a 
single polyprotein. HBV is a virus with a partially double stranded DNA genome that 
replicates through RNA intermediates. HCV is a single-stranded RNA virus coding for a 
polyprotein, which is cleaved into a capsid protein, two envelope proteins and 6 non-
structural proteins. HDV is a defective RNA virus, similar to viroids, that only encodes the 
capsid antigen (delta antigen) and is dependent upon the HBV coinfection, in particular the 
surface protein (HBsAg), for production of infectious virus particles. HEV is a labile RNA 
virus, unrelated to the other known hepatitis viruses. Chronic infections of hepatitis viruses, 
that are caused by HBV, HCV and HDV in immunocompetent patients, are frequently 
associated with progression of fibrosis and the development of liver cirrhosis and primary 
hepatocellular carcinoma (Hayashi & Zeldis, 1993; Perrault & Pecheur, 2009; Wedemeyer & 
Manns, 2010; Aggarwal & Naik, 2009).  
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It has been suggested that the interaction between hepatitis viruses and the innate as well as 
the adaptive immune system determines the outcome of these infections. Thus, studies 
regarding specific interactions between viral proteins and components of the immune 
system may introduce important information about the establishment of chronic infection. 
Here, we focus on the role of non-parenchymal liver cells and hepatocytes as part of the 
innate immune system of the liver and their relevance in the pathogenesis of viral hepatitis. 

3.1 Hepatitis B virus 
Hepatitis B virus is a hepatotropic non-cytopathic DNA virus which belongs to the 
Hepadnaviridae family. An estimated 400 million people worldwide suffer from chronic HBV 
infection, reaching higher prevalence in Asia and Africa. Patients with chronic infections 
mostly remain asymptomatic while 10–30% of these individuals develop liver cirrhosis and 
liver cancer. Although the mechanisms that are involved in viral clearance and persistence 
are still not fully clarified, it is evident that cell-mediated immune responses play an 
important role for viral clearance as patients with chronic HBV infection usually fail to 
develop adequate HBV-specific immune responses. (Bertoletti & Gehring, 2006). Pegylated 
interferon α (IFN-α) and nucleos(t)ide analogues are used for therapy of chronic hepatitis B. 

3.2 Hepatitis C virus 
HCV, a member of the Flaviviridae family, hepciviridae genius, is a global health care problem 
as more than 2% of the world’s population (170 million individuals) has been infected with 
the this hepatotropic virus (Alter, 2007). Infection with HCV leads to chronic hepatitis in 70-
80% of the cases, thereby promoting serious hepatic disorders as liver cirrhosis and 
hepatocellular carcinoma (Di Bisceglie, 1997; Di Bisceglie, 1998). As a consequence, chronic 
HCV infection is a main indication for liver transplantation. Currently, standard of care is a 
combination therapy of pegIFN and ribavirin for patients infected with all 6 HCV genotypes 
(Manns et al. 2001), while addition of protease inhibitors have been licensed for the 
treatment of genotype 1 patients. Recently published clinical trials indicated that triple 
treatment with the protease inhibitors Telaprevir or Boceprevir in combination with pegIFN 
and ribavirin, compared to standard treatment with pegIFN and ribavirin alone, 
significantly improved sustained virologic response rates in naïve patients with HCV 
genotype 1 infection. In addition, these triple treatments resulted in significantly improved 
sustained response rates in patients with chronic HCV genotype 1 infection, who were 
nonresponders or relapsers to previous treatments (Bacon et al.  2011; Jacobson et al. 2011; 
Zeuzem et al.  2011; Poordad et al.  2011).  

3.3 Hepatitis D virus 
Hepatitis D virus (HDV) has primarily been identified as an additional antigen during HBV 
infection. It has been shown, that HDV only occurs in HBV infected patients, because it is 
using HBsAg as envelope protein, which is necessary for the cell entry of HDV (Rizzetto et 
al. 1977; Rizzetto et al. 1980). About 20 million HBV infected individuals are thought to be 
co-infected with HDV, occurring either as a superinfection of chronic HBV infection or a 
concomitant acute coinfection of HBV and HDV (Hadziyannis, 1997). The pathogenesis of 
HDV infection is only poorly understood. Whereas clinical observations identified that 
hepatitis D could be an immune-mediated disease process, specific clinical cases suggested 
that HDV induces cytopathic infections (Nakano et al.  2001). Chronic Hepatitis D is 
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mediated activation profile when compared to ‘classical’ APCs which may also explain, at 
least in part, their tolerogenic function in the liver. 
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replicates through RNA intermediates. HCV is a single-stranded RNA virus coding for a 
polyprotein, which is cleaved into a capsid protein, two envelope proteins and 6 non-
structural proteins. HDV is a defective RNA virus, similar to viroids, that only encodes the 
capsid antigen (delta antigen) and is dependent upon the HBV coinfection, in particular the 
surface protein (HBsAg), for production of infectious virus particles. HEV is a labile RNA 
virus, unrelated to the other known hepatitis viruses. Chronic infections of hepatitis viruses, 
that are caused by HBV, HCV and HDV in immunocompetent patients, are frequently 
associated with progression of fibrosis and the development of liver cirrhosis and primary 
hepatocellular carcinoma (Hayashi & Zeldis, 1993; Perrault & Pecheur, 2009; Wedemeyer & 
Manns, 2010; Aggarwal & Naik, 2009).  
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Here, we focus on the role of non-parenchymal liver cells and hepatocytes as part of the 
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mostly remain asymptomatic while 10–30% of these individuals develop liver cirrhosis and 
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are still not fully clarified, it is evident that cell-mediated immune responses play an 
important role for viral clearance as patients with chronic HBV infection usually fail to 
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HCV infection is a main indication for liver transplantation. Currently, standard of care is a 
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(Manns et al. 2001), while addition of protease inhibitors have been licensed for the 
treatment of genotype 1 patients. Recently published clinical trials indicated that triple 
treatment with the protease inhibitors Telaprevir or Boceprevir in combination with pegIFN 
and ribavirin, compared to standard treatment with pegIFN and ribavirin alone, 
significantly improved sustained virologic response rates in naïve patients with HCV 
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infection. It has been shown, that HDV only occurs in HBV infected patients, because it is 
using HBsAg as envelope protein, which is necessary for the cell entry of HDV (Rizzetto et 
al. 1977; Rizzetto et al. 1980). About 20 million HBV infected individuals are thought to be 
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associated with a severe course of hepatitis, frequently leading to rapid fibrosis progression 
and the development of hepatocellular carcinoma (Wedemeyer & Manns, 2010). 

4. Interplay of forces 
The local induction of type I IFNs (IFN-α, -β) during the early phase of infection with HBV 
and HCV (Bigger et al.  2001; McClary et al. 2000) is crucially important as they are thought 
to limit HBV as well as HCV replication (Frese et al. 2001; Guidotti et al. 1994) while 
induction of IFN- during progression of viral infection may additionally inhibit viral 
replication (Frese et al. 2002; Guidotti et al. 1996). 

4.1 Innate immunity against HBV 
The role of the innate immune system during the early phase of HBV infection has been 
investigated in different experimental systems. Wieland et al. investigated the transcriptome 
of the liver in three chimpanzees during the course of acute HBV infection (Wieland et al.  
2004). Their analysis focused on two diverse groups of cellular genes: those in the early 
phase are associated with the innate immune response, and those in the late phase are 
associated with the adaptive immune response that terminates infection. They demonstrated 
that this virus does not induce any genes during entry and expansion, leading the authors to 
suggest that HBV is a ‘stealth virus’ in the early phase of infection. By contrast, a large 
number of IFN-γ-regulated genes are expressed in the liver during viral clearance (Figure 3). 
This upregulation of IFN-γ-regulated genes in livers results from the adaptive T cell 
response as specific T-cells infiltrating the liver are major producers of IFN- (Wieland et al.  
2004). Thus, HBV and HCV infections strongly differ in the early phase of infection, as HCV 
induces a strong IFN- response in chimpanzees (Su et al. 2002). 
There are data to suggest that HBV actively inhibits the induction of an early IFN response. 
Wu et al. showed a regulatory effect of TLR-activated KC and LSEC on the in vitro 
replication of HBV in a co-culture model utilizing HBV-Met cells (Pasquetto et al. 2002). 
TLR3- and TLR4-activated KC as well as TLR3-activated LSEC induced a MyD88-
independent response inhibiting HBV replication. While HBV replicative intermediates 
were highly suppressed, viral mRNAs as well as secretion of HBsAg and HBeAg remained 
largely unchanged. The HBV suppressing effect mediated by TLR3 ligands was caused by 
IFN-β whereas TLR4-activated KC additionally induced undefined cytokines with antiviral 
activity (Wu et al. 2007).   
Further studies included co-culture experiments with hepatocytes or NPC and HBV-Met cell 
supernatants, HBsAg, HBeAg as well as HBV virions resulting in abrogation of TLR-
induced antiviral activity, correlating with decreased activation of IRF-3, NFκB and ERK1/2. 
In comparison to primary hepatocytes, HBV-infected HBV-Met cells did not induce antiviral 
cytokines upon TLR activation. TLR-induced expression of TNF-α and IL-6 was suppressed 
in the presence of high amounts of HBV. Accordingly, suppression of HBV replication by 
siRNA leads to activation or expression of pro-inflammatory transcription factors and 
cytokines (Wu et al. 2008). These data might explain why HBV does not induce a strong 
initial type I IFN response such as HCV and, therefore, behaves as a ‘stealth virus’ (Wieland 
et al. 2004).  
Despite of the fact that HBV does not induce an IFN response during the early phase of 
infection, it can be recognized by liver resident cells, thereby activating innate immune 
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responses without IFN induction. Hoesel et al. recently showed that HBV is recognized by 
hepatic NPC, mainly by Kupffer cells, upon infection of primary human liver cells in vitro. 
Within 3 hours, these cells release inflammatory cytokines including IL-1β, -6, -8 and TNF-α 
without inducing an IFN response. NFκB-dependent IL-6 secretion of activated KC is able to 
control HBV gene expression and replication in hepatocytes at the level of transcription. IL-6 
leads to activation of MAPKs exogenous signal-regulated kinase (ERK) 1/2 and c-jun N-
terminal kinase resulting in decreased expression of two transcription factors (hepatocyte 
nuclear factor (HNF) 1α and HNF 4α) that are essential for HBV gene expression and 
replication (Hoesel et al. 2009).  
A recent publication studied the full replication cycle of hepatitis B virus (HBV) in primary 
hepatocyte cultures that were isolated from the northern treeshrew (Tupaia belangeri). The 
Tupaia model has been used to investigate the effect of cytokines on HBV infection. 
Stimulation of HBV infected primary Tupaia hepatocytes with recombinant Tupaia TNF-α 
led to viral suppression while covalently closed circular DNA and viral RNA were still 
detectable leading to the conclusion that TNF-α may also control HBV infection (Xu et al. 
2011).   
Consistently, Zhang et al. demonstrated that activation of cellular pathways by TLR ligands 
leads to inhibition of hepadnaviral replication (Zhang et al. 2009). Using the model of 
woodchuck hepatitis virus (WHV) infected primary hepatocytes (PWH), Poly I:C and LPS 
stimulation resulted in upregulation of cellular antiviral genes and TLRs. LPS stimulation 
led to a pronounced reduction of WHV replication intermediates without a significant IFN 
induction while Poly I:C transfection resulted in the production of IFN and a highly 
increased expression of antiviral genes in PWHs and slight inhibitory effect on WHV 
replication. LPS could activate NFκB, MAPK, and PI-3k/Akt pathways in PWHs. 
Furthermore, inhibitors of MAPK-ERK and PI-3k/Akt pathways, but not those of IFN 
signaling pathways, were able to block the antiviral effect of LPS. These results indicate that 
IFN-independent pathways which activated by LPS are able to down-regulate hepadnaviral 
replication in hepatocytes (Zhang et al. 2009).  
A direct activation of cellular pathways through the expression of cellular adaptors involved 
in signaling has similar effects like the stimulation with TLR ligands. Guo et al. determined 
the effects of PRR-mediated innate immune response on HBV replication in hepatoma cell 
lines. Plasmids expressing TLR adaptors, MyD88, TRIF, or RIG-I/MDA5 adaptor or 
interferon promoter stimulator 1 (IPS-1) were transfected into cells and led to dramatic 
reduction of the levels of HBV mRNA and DNA in hepatoma cells. Analysis of involved 
signaling pathways revealed that activation of NFκB is required for all three adaptors to 
elicit antiviral response in both HepG2 and Huh7 cells while activation of IRF-3 is only 
essential for induction of antiviral response by IPS-1 in Huh7 cells (Guo et al. 2009).  
Although recent publications consistently confirmed the antiviral role of TLR-mediated 
innate responses of hepatic cells, the antiviral mechanisms that are induced by activation of 
the TLR system are not fully understood. IFN-β has been identified as the major antiviral 
factor produced by NPCs in response to TLR3 and 4 ligands (Wu et al. 2007). Wieland et al. 
showed that IFN-β inhibits hepatitis B virus (HBV) replication by non-cytolytic mechanisms 
that either destabilize pregenomic (pg)RNA-containing capsids or prevent their assembly. 
Using a doxycycline (dox)-inducible HBV replication system, IFN-β pretreatment led to 
production of replication-competent pgRNA-containing capsids. The turnover rate of 
preformed HBV RNA-containing capsids is not changed in the presence of IFN-β or IFN-γ. 
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without inducing an IFN response. NFκB-dependent IL-6 secretion of activated KC is able to 
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leads to activation of MAPKs exogenous signal-regulated kinase (ERK) 1/2 and c-jun N-
terminal kinase resulting in decreased expression of two transcription factors (hepatocyte 
nuclear factor (HNF) 1α and HNF 4α) that are essential for HBV gene expression and 
replication (Hoesel et al. 2009).  
A recent publication studied the full replication cycle of hepatitis B virus (HBV) in primary 
hepatocyte cultures that were isolated from the northern treeshrew (Tupaia belangeri). The 
Tupaia model has been used to investigate the effect of cytokines on HBV infection. 
Stimulation of HBV infected primary Tupaia hepatocytes with recombinant Tupaia TNF-α 
led to viral suppression while covalently closed circular DNA and viral RNA were still 
detectable leading to the conclusion that TNF-α may also control HBV infection (Xu et al. 
2011).   
Consistently, Zhang et al. demonstrated that activation of cellular pathways by TLR ligands 
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showed that IFN-β inhibits hepatitis B virus (HBV) replication by non-cytolytic mechanisms 
that either destabilize pregenomic (pg)RNA-containing capsids or prevent their assembly. 
Using a doxycycline (dox)-inducible HBV replication system, IFN-β pretreatment led to 
production of replication-competent pgRNA-containing capsids. The turnover rate of 
preformed HBV RNA-containing capsids is not changed in the presence of IFN-β or IFN-γ. 
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These conditions further inhibited pgRNA synthesis. Thus, type I and II IFNs prevent the 
formation of replication-competent HBV capsids (Wieland et al.  2005). IL-6 was shown to 
activate cellular signaling pathways in PHHs including the MAPK pathway and inhibit the 
HBV gene transcription (Hoesel et al. 2009). In PWHs infected with WHV, LPS activates the 
MAPK pathway and reduce the WHV replication, but unable to deplete WHV transcripts 
(Zhang et al. 2009). Future studies are necessary to clarify the mechanisms involved in TLR-
mediated anti-HBV actions. 
As TLR-mediated immune responses down regulate HBV replication, HBV developed 
mechanisms to counteract these antiviral functions. Hepatocytes and Kupffer cells isolated 
from liver biopsies of patients with chronic hepatitis B (CHB) showed significantly 
decreased expression of TLR2 on hepatocytes, KCs and peripheral monocytes in patients 
with HBeAg-positive CHB in comparison with HBeAg negative CHB and controls (steatosis 
patients). The level of TLR4 expression did not significantly differ between these groups. 
Hepatic cell lines harboring a recombinant baculovirus encoding HBV significantly reduced 
TNF-α expression as well as phospho-p38 kinase expression in the presence of HBeAg. 
Within the absence of HBeAg, HBV replication was associated with upregulation of the 
TLR2 pathway resulting in increased TNF-α expression (Visvanathan et al. 2007). Consistent 
with these findings, the TLR expression was significantly suppressed in liver tissue and 
PBMC of woodchucks chronically infected with WHV, assuming an important role of TLR2 
during hepadnaviral infection and pathogenesis (Zhang et al. unpublished). HBV 
additionally blocked the gene expression of MyD88, an essential adaptor molecule in TLR-
mediated innate immune responses. The terminal protein (TP) domain of the HBV 
polymerase was described to be responsible for this antagonistic activity. It is supposed that 
the HBV polymerase inhibits IFN-inducible MyD88 expression by blocking the nuclear 
translocation of STAT1 and therefore representing a general inhibitor of IFN signaling (Wu 
et al. 2007).  
 

 
Fig. 3. Role of the innate immunity during pathogenesis of HBV  
HBV infection only induces a weak type I IFN response. HBsAg or HBeAg inhibit 
endogenous expression of IFNs in the early phase of infection .Activated cells of the innate 
immune system may still produce type I IFNs , therefore limiting  viral replication. 

Isogawa et al. examined the ability of different TLRs to effect HBV replication in vivo. HBV 
transgenic mice have been injected with single doses of TLR2, -3, -4, -5, -7 and -9 ligands. 
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With the exception for TLR2, all of the ligands suppressed HBV replication in the liver in an 
IFN-α/-β-dependent manner (Isogawa et al.  2005). The potential of these TLR ligands to 
provoke the expression of antiviral cytokines at the site of HBV replication, leads to 
suggestion that TLR activation represents a powerful tool for novel therapeutic strategies in 
the treatment of chronic HBV infection. 

4.2 Innate immunity against HCV 
Standard treatment of HCV infection is the combination of pegylated type I IFN and 
ribavirin. Interferons are antiviral cytokines, produced after activation of the innate immune 
system during virus infection. Secretion of IFN leads neighbouring cells to switch to an 
‘antiviral state’ and resists viral infection. Thus, an important role of the innate immune 
system is to limit viral replication and spread as well as to promote and orchestrate 
subsequent adaptive immune reactions. While the mechanisms that are utilized by the 
innate immune system to control HCV infection are not well defined, it is generally accepted 
that IFN signaling is likely to be involved. Viral proteins are able to potently activate the 
innate immune system. Nevertheless, HCV developed different mechanisms to evolve 
cellular, antiviral and innate immune responses, reflecting the adaptation to its host. 
Molecular patterns within the 5′ as well as the 3′ non-translated region (NTR) of the HCV 
genome have been identified as retinoic acid inducible gene I (RIG-I) activating PAMPs. 
RIG-I is a well characterized PRR sensing and affecting HCV replication. Binding of viral 
double stranded RNA to the cytosolic RNA helicase RIG-I recruits the mitochondria-
associated CARDIF protein, which induces IKKε/TBK1 kinases-mediated IRF-3 
phosphorylation and thereby induces IFN-β expression. It is supposed that HCV RNA 
initiates IFN-β secretion in a RIG-I-dependent manner through its 5′ and 3′ NTR secondary 
structure (Saito et al. 2007; McCormick et al. 2004; Sumpter, Jr. et al. 2005). It has been 
additionally demonstrated that TLR3 is able to detect HCV structures in cultured hepatoma 
cells, leading to activation of IRF-3 and expression of ISGs, which limit HCV replication. The 
HCV motif that triggers TLR3 signaling remains to be characterized (Wang et al. 2009). It is 
suggested that RIG-I and TLR3 represent independent signaling pathways that are involved 
in IRF-3- and NFκB-mediated antiviral state during HCV infection (Alexopoulou et al. 2001; 
Yoneyama et al. 2004) (Figure 4).  
In defiance of this immune activation HCV is able to subvert the antiviral activity of the 
innate immune system. Recent data suggested that the viral NS3/4A serine protease of the 
Hepatitis C virus may enable its persistent infection. The NS3/4A protein causes specific 
proteolysis of the TRIF adaptor molecule downstream the TLR3 signaling. It has been 
demonstrated that the viral NS3/4A protease additionally leads to disruption of RIG-I 
signaling. Therefore the viral NS3/4A protease cleaves CARDIF and abrogates IKKε/TBK1-
mediated IFN-β secretion (Li et al. 2005; Foy et al. 2005; Foy et al. 2003; Breiman et al. 2005; 
Vilasco et al. 2006). 
Broering et al. and Wang et al. investigated the antiviral capacity of TLR-activated KC, LSEC 
and HSC against HCV. Despite the expression of all TLRs, murine KC and LSEC only 
suppressed HCV replication in a co-culture model after activation of TLR3 and -4 which 
were mediated by IFN-β only (Broering et al. 2008). Similar results were obtained for murine 
HSC. Here, IFN-β was responsible for the antiviral activity of TLR3-stimulated HSC, 
whereas additional cytokines of undefined nature seem to be involved in the TLR4-
mediated antiviral effect. In case of human HSC, only TLR3 stimulation led to production of 
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These conditions further inhibited pgRNA synthesis. Thus, type I and II IFNs prevent the 
formation of replication-competent HBV capsids (Wieland et al.  2005). IL-6 was shown to 
activate cellular signaling pathways in PHHs including the MAPK pathway and inhibit the 
HBV gene transcription (Hoesel et al. 2009). In PWHs infected with WHV, LPS activates the 
MAPK pathway and reduce the WHV replication, but unable to deplete WHV transcripts 
(Zhang et al. 2009). Future studies are necessary to clarify the mechanisms involved in TLR-
mediated anti-HBV actions. 
As TLR-mediated immune responses down regulate HBV replication, HBV developed 
mechanisms to counteract these antiviral functions. Hepatocytes and Kupffer cells isolated 
from liver biopsies of patients with chronic hepatitis B (CHB) showed significantly 
decreased expression of TLR2 on hepatocytes, KCs and peripheral monocytes in patients 
with HBeAg-positive CHB in comparison with HBeAg negative CHB and controls (steatosis 
patients). The level of TLR4 expression did not significantly differ between these groups. 
Hepatic cell lines harboring a recombinant baculovirus encoding HBV significantly reduced 
TNF-α expression as well as phospho-p38 kinase expression in the presence of HBeAg. 
Within the absence of HBeAg, HBV replication was associated with upregulation of the 
TLR2 pathway resulting in increased TNF-α expression (Visvanathan et al. 2007). Consistent 
with these findings, the TLR expression was significantly suppressed in liver tissue and 
PBMC of woodchucks chronically infected with WHV, assuming an important role of TLR2 
during hepadnaviral infection and pathogenesis (Zhang et al. unpublished). HBV 
additionally blocked the gene expression of MyD88, an essential adaptor molecule in TLR-
mediated innate immune responses. The terminal protein (TP) domain of the HBV 
polymerase was described to be responsible for this antagonistic activity. It is supposed that 
the HBV polymerase inhibits IFN-inducible MyD88 expression by blocking the nuclear 
translocation of STAT1 and therefore representing a general inhibitor of IFN signaling (Wu 
et al. 2007).  
 

 
Fig. 3. Role of the innate immunity during pathogenesis of HBV  
HBV infection only induces a weak type I IFN response. HBsAg or HBeAg inhibit 
endogenous expression of IFNs in the early phase of infection .Activated cells of the innate 
immune system may still produce type I IFNs , therefore limiting  viral replication. 

Isogawa et al. examined the ability of different TLRs to effect HBV replication in vivo. HBV 
transgenic mice have been injected with single doses of TLR2, -3, -4, -5, -7 and -9 ligands. 
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With the exception for TLR2, all of the ligands suppressed HBV replication in the liver in an 
IFN-α/-β-dependent manner (Isogawa et al.  2005). The potential of these TLR ligands to 
provoke the expression of antiviral cytokines at the site of HBV replication, leads to 
suggestion that TLR activation represents a powerful tool for novel therapeutic strategies in 
the treatment of chronic HBV infection. 

4.2 Innate immunity against HCV 
Standard treatment of HCV infection is the combination of pegylated type I IFN and 
ribavirin. Interferons are antiviral cytokines, produced after activation of the innate immune 
system during virus infection. Secretion of IFN leads neighbouring cells to switch to an 
‘antiviral state’ and resists viral infection. Thus, an important role of the innate immune 
system is to limit viral replication and spread as well as to promote and orchestrate 
subsequent adaptive immune reactions. While the mechanisms that are utilized by the 
innate immune system to control HCV infection are not well defined, it is generally accepted 
that IFN signaling is likely to be involved. Viral proteins are able to potently activate the 
innate immune system. Nevertheless, HCV developed different mechanisms to evolve 
cellular, antiviral and innate immune responses, reflecting the adaptation to its host. 
Molecular patterns within the 5′ as well as the 3′ non-translated region (NTR) of the HCV 
genome have been identified as retinoic acid inducible gene I (RIG-I) activating PAMPs. 
RIG-I is a well characterized PRR sensing and affecting HCV replication. Binding of viral 
double stranded RNA to the cytosolic RNA helicase RIG-I recruits the mitochondria-
associated CARDIF protein, which induces IKKε/TBK1 kinases-mediated IRF-3 
phosphorylation and thereby induces IFN-β expression. It is supposed that HCV RNA 
initiates IFN-β secretion in a RIG-I-dependent manner through its 5′ and 3′ NTR secondary 
structure (Saito et al. 2007; McCormick et al. 2004; Sumpter, Jr. et al. 2005). It has been 
additionally demonstrated that TLR3 is able to detect HCV structures in cultured hepatoma 
cells, leading to activation of IRF-3 and expression of ISGs, which limit HCV replication. The 
HCV motif that triggers TLR3 signaling remains to be characterized (Wang et al. 2009). It is 
suggested that RIG-I and TLR3 represent independent signaling pathways that are involved 
in IRF-3- and NFκB-mediated antiviral state during HCV infection (Alexopoulou et al. 2001; 
Yoneyama et al. 2004) (Figure 4).  
In defiance of this immune activation HCV is able to subvert the antiviral activity of the 
innate immune system. Recent data suggested that the viral NS3/4A serine protease of the 
Hepatitis C virus may enable its persistent infection. The NS3/4A protein causes specific 
proteolysis of the TRIF adaptor molecule downstream the TLR3 signaling. It has been 
demonstrated that the viral NS3/4A protease additionally leads to disruption of RIG-I 
signaling. Therefore the viral NS3/4A protease cleaves CARDIF and abrogates IKKε/TBK1-
mediated IFN-β secretion (Li et al. 2005; Foy et al. 2005; Foy et al. 2003; Breiman et al. 2005; 
Vilasco et al. 2006). 
Broering et al. and Wang et al. investigated the antiviral capacity of TLR-activated KC, LSEC 
and HSC against HCV. Despite the expression of all TLRs, murine KC and LSEC only 
suppressed HCV replication in a co-culture model after activation of TLR3 and -4 which 
were mediated by IFN-β only (Broering et al. 2008). Similar results were obtained for murine 
HSC. Here, IFN-β was responsible for the antiviral activity of TLR3-stimulated HSC, 
whereas additional cytokines of undefined nature seem to be involved in the TLR4-
mediated antiviral effect. In case of human HSC, only TLR3 stimulation led to production of 
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antiviral cytokines. HCV suppression was related to the upregulation of ISGs and RIG-I in 
target cells (Wang et al. 2009). 
 

 
Fig. 4. HCV triggers innate immunity  
Different structures of the hepatitis C virus can be detected by the innate immune system.  
This leads to cytokine secretion and induction of an antiviral state as well as  inflammation 
processes. The virus developed evading strategies to subvert this antiviral state. 

Recently established HCV cell culture models (Lindenbach et al. 2005; Wakita et al. 2005; 
Zhong et al. 2005) lead to the generation of infectious HCV particles. Zhang et al. generated 
cell culture derived HCV particles to study their immunomodulatory effects on freshly 
isolated PBMCs and pDCs obtained from healthy blood donors. While complete HCV 
particles were not able to induce cytokine production, purified HCV RNA led to immune 
stimulation, accompanied by enhanced TLR7 activation. It was suggested that the HCV 
RNA genome contains G/U-rich motifs which have immune-stimulatory capacity. It is 
hypothesized that HCV particles are digested by endosomal proteases, the uncoated viral 
genomes and therefore the G/U-rich motifs mediate TLR7 activation (Diebold et al. 2004; 
Jurk et al. 2002). Lee et al. additionally revealed an interaction between TLR7 and HCV, 
wherein TLR7 mediates interferon secretion as well as interferon-independent immune 
responses (Lee et al. 2006). Further analysis indicated a higher prevalence of single 
nucleotide polymorphisms (SNP) in TLR7 of patients chronically infected with HCV. These 
SNPs significantly correlates with the progression of liver fibrosis in patients with chronic 
HCV infection (Schott et al. 2007). 
Another mechanism of HCV to evade the attack of the innate immune system targets TLR7. 
A significant decrease in TLR7 expression was shown in the presence of HCV in vitro and in 
vivo (Chang et al. 2010). It was proposed that HCV directly interferes with the transcriptional 
regulation of TLR7 mRNA. HCV replication level directly correlates with TLR7 expression, 
as reconstitution of TLR7 expression levels were achieved upon viral suppression. Despite 
this decrease in TLR7 mRNA in HCV-replicating cells, increased activation of IRF-7 was 
detected. This indicates that other PRR induce nuclear translocation of IRF-7 in HCV 
replicating cells (Chang et al. 2010). 
Innate immunity is additionally activated by the HCV core protein leading to inflammation 
but failing to induce antiviral cytokines (Dolganiuc et al. 2004; Feldmann et al. 2006). Other 
studies have described that synthetic lipopeptide-complexes of the HCV core protein 
mediate the innate immune response through TLR2 and TLR4 (Duesberg et al. 2002). In 

 
Toll Like Receptors in Chronic Viral Hepatitis – Friend and Foe 

 

51 

addition, an increased expression of some TLRs as well as inflammatory cytokines was 
shown in PBMC of chronically infected HCV patients (Sato et al. 2007).  
Dolganiuc et al. identified pre-activated monocytes in patients with chronic hepatitis C. In 
this study, increased IFN-γ, endotoxin and HCV core protein seemed to modulate monocyte 
functions, resulting in the generation of MyD88/IRAK complexes, NFκB activation and 
increased expression of TNF-α. These findings lead the authors to suggest that LPS, HCV 
core protein and IFN-γ extend the activation of inflammatory monocytes/macrophages 
indicating a loss of TLR tolerance. These observations additionally lead to the assumption, 
that both host- as well as virus-derived factors influence macrophages to mediate persistent 
inflammation during chronic HCV infection (Dolganiuc et al. 2007). 

4.2.1 Interferon response; friend or foe? 
Elevated hepatic ISG expression in HCV infected chimpanzees as well as in patients was 
identified as a virus induced type I IFN response (Bigger et al. 2001; Bigger et al. 2004; Helbig 
et al. 2005). As already discussed HCV developed evading strategies to subvert the innate 
immune system. While infected cells are not able to sense the virus and subsequently secrete 
IFNs, it is supposed that the increased ISG expression during HCV infection is induced by 
an activated local innate immune system. Activation of the innate immune system, NPCs in 
particular, results in the expression and secretion of IFN-β. Type I IFNs bind to their cell 
surface receptor leading to conformational changes, which activate the Janus kinase - Signal 
Transducers and Activators of Transcription (JAK–STAT) signaling pathways. Downstream 
phosphorylation of STAT-1 and STAT-2 recruits a third factor (IRF-9) forming the 
transcription-complex ISG factor-3 (ISGF-3). ISGF-3 translocates into the nucleus and 
interacts with IFN stimulated response elements (ISRE) in the promoter regions of ISGs. 
Expression of selected ISGs may result in HCV eradication in acute hepatitis C infection 
(Bigger et al. 2001). However, progression of persistent HCV infection can be established due 
to escape strategies against the immune system which may also be responsible for non-
response to therapies that are based upon the administration of exogenous IFNs (Sato et al. 
2007). 
A subgroup of ISGs has been described to directly suppress HCV replication. Protein kinase 
R (PKR) for example, phosphorylates the alpha subunit of the eukaryotic initiation factor 
(eIF)-2 leading to suppression of translational processes (Gale, Jr. et al. 1999; Pflugheber et al. 
2002). The RNA-specific adenosine deaminase 1 (ADAR1) binds to dsRNA resulting in 
destabilization of secondary structures (Taylor et al. 2005). The antiviral function of 2′-5′ 
oligoadenylate synthetases (2’-5’ OAS) is mediated by the activation of the latently 
expressed endoribonuclease RNaseL, which induce degradation of viral and cellular RNA 
(Silverman, 1994; Zhou et al. 1997). ISG56 is an IRF-3 responsive gene that blocks one of the 
eIF3 subunits resulting in inhibition of translation (Wang et al. 2003; Hui et al. 2003; Terenzi 
et al. 2005). Additional ISGs affecting HCV replication have been identified during IFN 
therapy including MxA, ISG 6–16 and Viperin. The mechanisms of action of these host 
factors are still unclear (Bigger et al. 2004; Helbig et al. 2005; Suzuki et al. 2004). 
HCV evolved mechanisms to influence this type I IFN response induced by the JAK–STAT 
signaling. The HCV polyprotein has been described as a strong inhibitor of IFN-α-induced 
signaling, as it impairs ISGF3 DNA binding. This effect is mediated by an increase in 
STAT1–protein inhibitor of activated STAT1 (PIAS1) association, resulting in the decreased 
transcriptional activity of ISGF3 through hypomethylation of STAT1 (Blindenbacher et al. 
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antiviral cytokines. HCV suppression was related to the upregulation of ISGs and RIG-I in 
target cells (Wang et al. 2009). 
 

 
Fig. 4. HCV triggers innate immunity  
Different structures of the hepatitis C virus can be detected by the innate immune system.  
This leads to cytokine secretion and induction of an antiviral state as well as  inflammation 
processes. The virus developed evading strategies to subvert this antiviral state. 

Recently established HCV cell culture models (Lindenbach et al. 2005; Wakita et al. 2005; 
Zhong et al. 2005) lead to the generation of infectious HCV particles. Zhang et al. generated 
cell culture derived HCV particles to study their immunomodulatory effects on freshly 
isolated PBMCs and pDCs obtained from healthy blood donors. While complete HCV 
particles were not able to induce cytokine production, purified HCV RNA led to immune 
stimulation, accompanied by enhanced TLR7 activation. It was suggested that the HCV 
RNA genome contains G/U-rich motifs which have immune-stimulatory capacity. It is 
hypothesized that HCV particles are digested by endosomal proteases, the uncoated viral 
genomes and therefore the G/U-rich motifs mediate TLR7 activation (Diebold et al. 2004; 
Jurk et al. 2002). Lee et al. additionally revealed an interaction between TLR7 and HCV, 
wherein TLR7 mediates interferon secretion as well as interferon-independent immune 
responses (Lee et al. 2006). Further analysis indicated a higher prevalence of single 
nucleotide polymorphisms (SNP) in TLR7 of patients chronically infected with HCV. These 
SNPs significantly correlates with the progression of liver fibrosis in patients with chronic 
HCV infection (Schott et al. 2007). 
Another mechanism of HCV to evade the attack of the innate immune system targets TLR7. 
A significant decrease in TLR7 expression was shown in the presence of HCV in vitro and in 
vivo (Chang et al. 2010). It was proposed that HCV directly interferes with the transcriptional 
regulation of TLR7 mRNA. HCV replication level directly correlates with TLR7 expression, 
as reconstitution of TLR7 expression levels were achieved upon viral suppression. Despite 
this decrease in TLR7 mRNA in HCV-replicating cells, increased activation of IRF-7 was 
detected. This indicates that other PRR induce nuclear translocation of IRF-7 in HCV 
replicating cells (Chang et al. 2010). 
Innate immunity is additionally activated by the HCV core protein leading to inflammation 
but failing to induce antiviral cytokines (Dolganiuc et al. 2004; Feldmann et al. 2006). Other 
studies have described that synthetic lipopeptide-complexes of the HCV core protein 
mediate the innate immune response through TLR2 and TLR4 (Duesberg et al. 2002). In 
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addition, an increased expression of some TLRs as well as inflammatory cytokines was 
shown in PBMC of chronically infected HCV patients (Sato et al. 2007).  
Dolganiuc et al. identified pre-activated monocytes in patients with chronic hepatitis C. In 
this study, increased IFN-γ, endotoxin and HCV core protein seemed to modulate monocyte 
functions, resulting in the generation of MyD88/IRAK complexes, NFκB activation and 
increased expression of TNF-α. These findings lead the authors to suggest that LPS, HCV 
core protein and IFN-γ extend the activation of inflammatory monocytes/macrophages 
indicating a loss of TLR tolerance. These observations additionally lead to the assumption, 
that both host- as well as virus-derived factors influence macrophages to mediate persistent 
inflammation during chronic HCV infection (Dolganiuc et al. 2007). 

4.2.1 Interferon response; friend or foe? 
Elevated hepatic ISG expression in HCV infected chimpanzees as well as in patients was 
identified as a virus induced type I IFN response (Bigger et al. 2001; Bigger et al. 2004; Helbig 
et al. 2005). As already discussed HCV developed evading strategies to subvert the innate 
immune system. While infected cells are not able to sense the virus and subsequently secrete 
IFNs, it is supposed that the increased ISG expression during HCV infection is induced by 
an activated local innate immune system. Activation of the innate immune system, NPCs in 
particular, results in the expression and secretion of IFN-β. Type I IFNs bind to their cell 
surface receptor leading to conformational changes, which activate the Janus kinase - Signal 
Transducers and Activators of Transcription (JAK–STAT) signaling pathways. Downstream 
phosphorylation of STAT-1 and STAT-2 recruits a third factor (IRF-9) forming the 
transcription-complex ISG factor-3 (ISGF-3). ISGF-3 translocates into the nucleus and 
interacts with IFN stimulated response elements (ISRE) in the promoter regions of ISGs. 
Expression of selected ISGs may result in HCV eradication in acute hepatitis C infection 
(Bigger et al. 2001). However, progression of persistent HCV infection can be established due 
to escape strategies against the immune system which may also be responsible for non-
response to therapies that are based upon the administration of exogenous IFNs (Sato et al. 
2007). 
A subgroup of ISGs has been described to directly suppress HCV replication. Protein kinase 
R (PKR) for example, phosphorylates the alpha subunit of the eukaryotic initiation factor 
(eIF)-2 leading to suppression of translational processes (Gale, Jr. et al. 1999; Pflugheber et al. 
2002). The RNA-specific adenosine deaminase 1 (ADAR1) binds to dsRNA resulting in 
destabilization of secondary structures (Taylor et al. 2005). The antiviral function of 2′-5′ 
oligoadenylate synthetases (2’-5’ OAS) is mediated by the activation of the latently 
expressed endoribonuclease RNaseL, which induce degradation of viral and cellular RNA 
(Silverman, 1994; Zhou et al. 1997). ISG56 is an IRF-3 responsive gene that blocks one of the 
eIF3 subunits resulting in inhibition of translation (Wang et al. 2003; Hui et al. 2003; Terenzi 
et al. 2005). Additional ISGs affecting HCV replication have been identified during IFN 
therapy including MxA, ISG 6–16 and Viperin. The mechanisms of action of these host 
factors are still unclear (Bigger et al. 2004; Helbig et al. 2005; Suzuki et al. 2004). 
HCV evolved mechanisms to influence this type I IFN response induced by the JAK–STAT 
signaling. The HCV polyprotein has been described as a strong inhibitor of IFN-α-induced 
signaling, as it impairs ISGF3 DNA binding. This effect is mediated by an increase in 
STAT1–protein inhibitor of activated STAT1 (PIAS1) association, resulting in the decreased 
transcriptional activity of ISGF3 through hypomethylation of STAT1 (Blindenbacher et al. 
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2003; Heim et al. 1999). In addition, also HCV core protein effects JAK-STAT signaling. The 
core protein induces STAT1 degradation, inhibits STAT1 activation/phosphorylation and 
increases the induction of suppressor of cytokine signaling (SOCS) proteins (Bode et al. 2003; 
Lin et al. 2005; Lin et al. 2006). Furthermore, the core protein suppresses the binding capacity 
of ISGF3 to the ISRE, resulting in decreased expression of anti-HCV effective ISG (de Lucas 
et al.  2005). Moreover, HCV proteins directly inhibit the antiviral action of selected ISGs. 
The envelope protein E2 and the non-structural protein NS5A have been reported as 
antagonists of PKR, leading to the disruption of translation control by IFNs (Gale, Jr. et al. 
1998; Taylor et al. 1999).  
 

 
Fig. 5. Role of the innate immunity in the pathogenesis of HCV infection 
HCV may directly induce type IFNs, while viral proteins like NS3/4 can inhibit endogenous 
expression of IFNs. Activated cells of the innate immune system might still produce type I 
IFNs resulting in increased ISG15 expression in infected cells and therefore promoting HCV 
replication.  

The local type I IFN response induced by HCV seems to be paradox, as these interferons can 
inhibit HCV replication. In addition, patients that are non-responders to IFN-based 
therapies have highly elevated expression levels of a subset of ISGs compared to patients 
who cleared the virus (Asselah et al. 2008; Chen et al. 2005). ISG15, an ubiquitin-like 
modifier, is one of these genes. ISG15 is conjugated to a subset of target proteins. The 
functional consequence of this ISGylation is still unclear. ISGylated proteins are not 
degraded by the proteasome as ubiquitinylated proteins are (Malakhov et al. 2002; Ritchie & 
Zhang, 2004). Recently published data indicate that ISGylation negatively modulates 
interferon signaling (Chua et al. 2009; Broering et al. 2010), in addition ISGylation and ISG15 
itself directly promote HCV replication (Chen et al. 2010; Broering et al. 2010). These 
observations may explain why elevated expression of ISGs, and ISG15 in particular, during 
HCV infection is beneficial for the hepatitis C virus (Figure 5). 

4.3 Innate immunity against HDV 
There are only few studies on the interaction of HDV with host innate responses. Like many 
other viruses, HDV seems to have developed anti-IFN-α strategies as it negatively affects 
the activation of IFN-α signaling by interfering the JAK-STAT signal transduction pathway. 
An early publication from McNair et al. demonstrated that neither IFN- nor IFN- was able 
to inhibit HDV gene expression and formation of genomic and antigenomic RNA in cell 
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lines stably transfected HDV genomes (McNair et al. 1994). However, such cell lines showed 
no defect in upregulation of ISGs like PKR, 2’-5’ OAS and IRF-1 or in induction of an 
antiviral status after IFN treatment. These cells were able to upregulate IFN- after Poly I:C 
treatment. The presence of HDV RNA did not affect PKR function.  
In contrast, Pugnale et al. showed in a transient tranfection system that hepatoma cells 
replicating HDV have an impaired response to IFN- (Pugnale et al. 2009). By unknown 
mechanisms, the phosphorylation of both STAT-1 and STAT-2 was greatly impaired, 
consequently, both factors did not relocate into the nucleus. In addition, the IFN- 
stimulated tyrosine phosphorylation of IFN receptor-associated JAK kinase Tyk2 was also 
inhibited by HDV, without affecting either the tyrosine phosphorylation of Jak1 or the 
expression of type I IFN receptor subunits. Both studies showed consistently that IFNs are 
not able to suppress HDV. Pugnale et al. could detect the inhibition of IFN signaling in HDV 
replicating cells, likely due to the higher levels of viral RNA and proteins in the transient 
transfection system (Pugnale et al. 2009). Despite of the dsRNA nature of HDV genomic and 
antigenomic RNAs, there was no apparent activation of IFN pathways in the stably 
transfected cell lines, indicating that HDV RNA may be sequestered during replication 
(McNair et al. 1994).  
Another report demonstrated that large HDV antigen (L-HDAg) may enhance the ISG MxA 
more than 3-fold. However, the upregulation of MxA by IFN- is generally very strong and 
may reach levels of more than 100-fold compared to unstimulated controls. Thus, the ability 
of L-HDAg to activate ISG expression is rather low (Williams et al. 2009). Thus, HDV is a 
weak inducer of cellular IFN responses and is likely able to inhibit IFN signaling. In 
addition, it has also been reported that IFN- inducible protein ADAR1 modulates HDV 
gene expression and genome replication by editing the HDV genome (Hartwig et al. 2004).   
 

 
Fig. 6. Role of the innate immunity during pathogenesis of HBV HDV coinfection  
HBV as well as HDV only induce a weak type IFN response. HBsAg or HBeAg are 
supposed to inhibit endogenous expression of IFNs. Activated cells of the innate immune 
system might still produce type I IFNs. HDV is able to block JAK/STAT signaling, thereby 
subverting the IFN response. HDV additionally promotes NFκB activation and secretion of 
inflammatory cytokines.   
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2003; Heim et al. 1999). In addition, also HCV core protein effects JAK-STAT signaling. The 
core protein induces STAT1 degradation, inhibits STAT1 activation/phosphorylation and 
increases the induction of suppressor of cytokine signaling (SOCS) proteins (Bode et al. 2003; 
Lin et al. 2005; Lin et al. 2006). Furthermore, the core protein suppresses the binding capacity 
of ISGF3 to the ISRE, resulting in decreased expression of anti-HCV effective ISG (de Lucas 
et al.  2005). Moreover, HCV proteins directly inhibit the antiviral action of selected ISGs. 
The envelope protein E2 and the non-structural protein NS5A have been reported as 
antagonists of PKR, leading to the disruption of translation control by IFNs (Gale, Jr. et al. 
1998; Taylor et al. 1999).  
 

 
Fig. 5. Role of the innate immunity in the pathogenesis of HCV infection 
HCV may directly induce type IFNs, while viral proteins like NS3/4 can inhibit endogenous 
expression of IFNs. Activated cells of the innate immune system might still produce type I 
IFNs resulting in increased ISG15 expression in infected cells and therefore promoting HCV 
replication.  

The local type I IFN response induced by HCV seems to be paradox, as these interferons can 
inhibit HCV replication. In addition, patients that are non-responders to IFN-based 
therapies have highly elevated expression levels of a subset of ISGs compared to patients 
who cleared the virus (Asselah et al. 2008; Chen et al. 2005). ISG15, an ubiquitin-like 
modifier, is one of these genes. ISG15 is conjugated to a subset of target proteins. The 
functional consequence of this ISGylation is still unclear. ISGylated proteins are not 
degraded by the proteasome as ubiquitinylated proteins are (Malakhov et al. 2002; Ritchie & 
Zhang, 2004). Recently published data indicate that ISGylation negatively modulates 
interferon signaling (Chua et al. 2009; Broering et al. 2010), in addition ISGylation and ISG15 
itself directly promote HCV replication (Chen et al. 2010; Broering et al. 2010). These 
observations may explain why elevated expression of ISGs, and ISG15 in particular, during 
HCV infection is beneficial for the hepatitis C virus (Figure 5). 

4.3 Innate immunity against HDV 
There are only few studies on the interaction of HDV with host innate responses. Like many 
other viruses, HDV seems to have developed anti-IFN-α strategies as it negatively affects 
the activation of IFN-α signaling by interfering the JAK-STAT signal transduction pathway. 
An early publication from McNair et al. demonstrated that neither IFN- nor IFN- was able 
to inhibit HDV gene expression and formation of genomic and antigenomic RNA in cell 
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lines stably transfected HDV genomes (McNair et al. 1994). However, such cell lines showed 
no defect in upregulation of ISGs like PKR, 2’-5’ OAS and IRF-1 or in induction of an 
antiviral status after IFN treatment. These cells were able to upregulate IFN- after Poly I:C 
treatment. The presence of HDV RNA did not affect PKR function.  
In contrast, Pugnale et al. showed in a transient tranfection system that hepatoma cells 
replicating HDV have an impaired response to IFN- (Pugnale et al. 2009). By unknown 
mechanisms, the phosphorylation of both STAT-1 and STAT-2 was greatly impaired, 
consequently, both factors did not relocate into the nucleus. In addition, the IFN- 
stimulated tyrosine phosphorylation of IFN receptor-associated JAK kinase Tyk2 was also 
inhibited by HDV, without affecting either the tyrosine phosphorylation of Jak1 or the 
expression of type I IFN receptor subunits. Both studies showed consistently that IFNs are 
not able to suppress HDV. Pugnale et al. could detect the inhibition of IFN signaling in HDV 
replicating cells, likely due to the higher levels of viral RNA and proteins in the transient 
transfection system (Pugnale et al. 2009). Despite of the dsRNA nature of HDV genomic and 
antigenomic RNAs, there was no apparent activation of IFN pathways in the stably 
transfected cell lines, indicating that HDV RNA may be sequestered during replication 
(McNair et al. 1994).  
Another report demonstrated that large HDV antigen (L-HDAg) may enhance the ISG MxA 
more than 3-fold. However, the upregulation of MxA by IFN- is generally very strong and 
may reach levels of more than 100-fold compared to unstimulated controls. Thus, the ability 
of L-HDAg to activate ISG expression is rather low (Williams et al. 2009). Thus, HDV is a 
weak inducer of cellular IFN responses and is likely able to inhibit IFN signaling. In 
addition, it has also been reported that IFN- inducible protein ADAR1 modulates HDV 
gene expression and genome replication by editing the HDV genome (Hartwig et al. 2004).   
 

 
Fig. 6. Role of the innate immunity during pathogenesis of HBV HDV coinfection  
HBV as well as HDV only induce a weak type IFN response. HBsAg or HBeAg are 
supposed to inhibit endogenous expression of IFNs. Activated cells of the innate immune 
system might still produce type I IFNs. HDV is able to block JAK/STAT signaling, thereby 
subverting the IFN response. HDV additionally promotes NFκB activation and secretion of 
inflammatory cytokines.   
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NFκB activation is involved in many inflammatory processes and in cancer. The L-HDAg 
has been shown to mediate TNF-α-induced NFκB signaling, probably through the direct 
association with TRAF2, a protein implicating the early signaling events (Park et al. 2009). 
Several studies revealed a relationship between L-HDAg, S-HDAg, genomic RNA or 
antigenomic RNA and the proteome of the cell (Mota et al. 2009; Mota et al. 2008). Modified 
expression profile of proteins involving regulation of nucleic acid and protein metabolism, 
energy pathways, signal transduction, transport, apoptosis and cell growth were found. 
Host factors involved in HDV replication have been determind using a small inhibitory 
RNA (siRNA) screening. Cells stably trasfected with the S-HDAg were treated with siRNA 
before HDV infection (Cao et al. 2009). It has been reported that a part of the genome, 
described as an RNA promoter, directy interacts with some cellular proteins (Beard et al. 
1996) (Figure 6). 
It could be demonstrated that two of these host factors, the eukaryotic translation elongation 
factor 1 alpha 1 (eEF1A1) and the glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
are involved in RNA processing and in the translation machinery. Of note, these genes are 
often considered and used as housekeeping genes (Sikora et al. 2009).  

5. Coinfection of HBV and HCV 
Clinical investigations on disease outcomes and progression in patients coinfected with 
HBV and HCV are diverse and contradictory. Viral interference or reciprocal replicative 
suppression of the two viruses probably occurs (Liaw et al. 1994; Zarski et al. 1998). Due to a 
missing model system for HBV/HCV coinfection in the past, virological and molecular 
aspects are poorly understood (Brass & Moradpour, 2009). Resent studies investigated the 
mechanisms of HBV and HCV coinfection by heterologous overexpression of viral proteins, 
leading to conflicting results. It has been demonstrated that the HCV core protein and NS5A 
negatively regulate HBV replication, whereas other studies could not confirm these findings 
(Pasquinelli et al. 1997; Chen et al. 2003; Schuttler et al.  2002).  
It seems to be important to address the question whether direct interference occurs between 
the viruses in order to understand the disease progression. Recent studies have addressed 
this issue (Eyre et al. 2009; Bellecave et al. 2009). The human hepatoma cell line Huh-7 
supports HBV replication and formation of HBV virions. Huh-7 cells also can be used to 
study the HCV life cycle, including viral entry, RNA replication and release of infectious 
particles. Using this cell culture system, these authors independently showed that HBV and 
HCV are able to replicate in the same cell, without showing interfering processes. HBV 
replicating cells can be infected with cell culture-derived HCV resulting in secretion of 
infectious HCV. In addition, the inhibition of one of these viruses did not influence the 
replication of the other. It is well known that HBV replication, for example, may be 
suppressed in the presence of replicative HCV infection while eradication of HCV may lead 
to replicative activity of HBV infection. This phenomenon may be explained by the fact that 
HCV may induce local IFN production by NPCs through activation of TLR3 which may lead 
to suppression of HBV replication (Broering et al. 2008; Wu et al. 2007) (Figure 7). 

6. Conclusions 
TLRs have been identified as key regulators of innate and adaptive immune responses in the 
liver as they play a critical role in the pathogenesis and progression of many liver diseases 
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as well as in the regulation of tissue injury and wound healing processes. The local innate 
immune system represented by hepatocytes, liver sinusoidal endothelial cells, Kupffer cells 
and stellate cells, for example, is involved in the induction of systemic tolerance or 
inflammation and additionally cross-talks to the adaptive immune system. It has been 
suggested that the local innate immune system is of importance in the progression of HBV 
or HCV infection. PRRs, especially TLRs play a pivotal role in the pathogenesis of viral 
hepatitis due to their rapid signal transduction. It has been clearly demonstrated that TLRs 
participate in antiviral immunity.  
 

 
Fig. 7. Role of the innate immunity during pathogenesis of viral hepatitis  
HCV infection directly induces type IFNs, later viral proteins like NS3/4 inhibits 
endogenous expression of IFNs. Activated cells of the innate immune system might still 
produce type I IFNs resulting in increased ISG15 expression in infected cells and therefore 
promoting HCV replication. HBV likewise seems to inhibit endogenous IFN expression, 
additionally inhibiting TLR activation in the local immune system. This may explain way 
HCV but not HBV induce an initial type I IFN response during acute infection. In case of 
HBV/HCV co-infection, HCV-activated NPC may inhibit HBV replication by the 
production of type I IFNs. 

As a consequence, various evading strategies have been evolved by hepatitis viruses (HBV, 
HCV and HDV) to counteract these antiviral activities:  
The hepatic innate immune system is able to sense PAMP structures of these hepatotropic 
viruses, resulting in secretion of antiviral cytokines, in particular interferons, and therefore 
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expression profile of proteins involving regulation of nucleic acid and protein metabolism, 
energy pathways, signal transduction, transport, apoptosis and cell growth were found. 
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before HDV infection (Cao et al. 2009). It has been reported that a part of the genome, 
described as an RNA promoter, directy interacts with some cellular proteins (Beard et al. 
1996) (Figure 6). 
It could be demonstrated that two of these host factors, the eukaryotic translation elongation 
factor 1 alpha 1 (eEF1A1) and the glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
are involved in RNA processing and in the translation machinery. Of note, these genes are 
often considered and used as housekeeping genes (Sikora et al. 2009).  
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Clinical investigations on disease outcomes and progression in patients coinfected with 
HBV and HCV are diverse and contradictory. Viral interference or reciprocal replicative 
suppression of the two viruses probably occurs (Liaw et al. 1994; Zarski et al. 1998). Due to a 
missing model system for HBV/HCV coinfection in the past, virological and molecular 
aspects are poorly understood (Brass & Moradpour, 2009). Resent studies investigated the 
mechanisms of HBV and HCV coinfection by heterologous overexpression of viral proteins, 
leading to conflicting results. It has been demonstrated that the HCV core protein and NS5A 
negatively regulate HBV replication, whereas other studies could not confirm these findings 
(Pasquinelli et al. 1997; Chen et al. 2003; Schuttler et al.  2002).  
It seems to be important to address the question whether direct interference occurs between 
the viruses in order to understand the disease progression. Recent studies have addressed 
this issue (Eyre et al. 2009; Bellecave et al. 2009). The human hepatoma cell line Huh-7 
supports HBV replication and formation of HBV virions. Huh-7 cells also can be used to 
study the HCV life cycle, including viral entry, RNA replication and release of infectious 
particles. Using this cell culture system, these authors independently showed that HBV and 
HCV are able to replicate in the same cell, without showing interfering processes. HBV 
replicating cells can be infected with cell culture-derived HCV resulting in secretion of 
infectious HCV. In addition, the inhibition of one of these viruses did not influence the 
replication of the other. It is well known that HBV replication, for example, may be 
suppressed in the presence of replicative HCV infection while eradication of HCV may lead 
to replicative activity of HBV infection. This phenomenon may be explained by the fact that 
HCV may induce local IFN production by NPCs through activation of TLR3 which may lead 
to suppression of HBV replication (Broering et al. 2008; Wu et al. 2007) (Figure 7). 

6. Conclusions 
TLRs have been identified as key regulators of innate and adaptive immune responses in the 
liver as they play a critical role in the pathogenesis and progression of many liver diseases 
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as well as in the regulation of tissue injury and wound healing processes. The local innate 
immune system represented by hepatocytes, liver sinusoidal endothelial cells, Kupffer cells 
and stellate cells, for example, is involved in the induction of systemic tolerance or 
inflammation and additionally cross-talks to the adaptive immune system. It has been 
suggested that the local innate immune system is of importance in the progression of HBV 
or HCV infection. PRRs, especially TLRs play a pivotal role in the pathogenesis of viral 
hepatitis due to their rapid signal transduction. It has been clearly demonstrated that TLRs 
participate in antiviral immunity.  
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additionally inhibiting TLR activation in the local immune system. This may explain way 
HCV but not HBV induce an initial type I IFN response during acute infection. In case of 
HBV/HCV co-infection, HCV-activated NPC may inhibit HBV replication by the 
production of type I IFNs. 

As a consequence, various evading strategies have been evolved by hepatitis viruses (HBV, 
HCV and HDV) to counteract these antiviral activities:  
The hepatic innate immune system is able to sense PAMP structures of these hepatotropic 
viruses, resulting in secretion of antiviral cytokines, in particular interferons, and therefore 
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limits viral replication. Conversely, the hepatitis viruses may counteract and subvert the 
innate immunity by evolutionary adaptation.   
The Hepatitis B virus for example developed a mechanism to block the expression of 
interferon sensitive genes, especially MyD88, an adaptor molecule involved in mostly all of 
the TLR signaling parthways. In addition HBV evades the TLR2 signaling, which results in 
limitation of viral replication, by directly decreasing its expression. These evasion strategies 
may explain the absence of an antiviral response during infection and the description as a 
‘stealth virus’. Coinfection with Hepatitis D virus is additionally accompanied by further 
evasion of the IFN response. 
In contrast to this Hepatitis C virus initially induces a strong type I IFN response. However, 
the virus is able to control this antiviral signaling by evasion strategies directly targeting the 
TLR3 or RIG-I pathway, which initiate IFN-β expression. In addition, HCV developed 
different mechanisms to block the JAK-STAT signaling, resulting in abrogation of the IFN 
response, in particular the expression of ISGs with antiviral functions. HCV paradoxically 
needs one of these response genes, ISG15, which promotes HCV replication and negatively 
regulates the IFN response. 
These evolutionary developed adaptations of HBC, HCV and HDV to their host invert the 
benefits of the antiviral response, induced by the local innate immune system. The 
inadequate but consistent activation of the hepatic innate immunity results in tolerance 
induction and permits progression of viral persistence and chronic infections. Therefore, 
therapeutic manipulations of the hepatic TLR pathways are of high interest for the 
development of novel treatment strategies. 
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the virus is able to control this antiviral signaling by evasion strategies directly targeting the 
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different mechanisms to block the JAK-STAT signaling, resulting in abrogation of the IFN 
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needs one of these response genes, ISG15, which promotes HCV replication and negatively 
regulates the IFN response. 
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benefits of the antiviral response, induced by the local innate immune system. The 
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induction and permits progression of viral persistence and chronic infections. Therefore, 
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1. Introduction 
Neither hepatitis B virus (HBV) nor hepatitis C virus (HCV) is cytopathic, and hepatitis is 
caused by the host immune response against virus-related peptides expressed on 
hepatocytes in conjunction with human leukocyte antigens (HLA). In acute self-limiting 
hepatitis, a broad immune response occurs that is strong enough to eradicate the virus or 
suppress viral replication (Rehermann, 1996). However, there are many mechanisms that 
hamper the antiviral immune response leading to persistent infection. To develop an 
optimal strategy to stimulate antiviral immune response with therapeutic potential, 
extensive analyses of immune mechanisms for successful viral eradication and 
immunosuppressive mechanisms induced by viral infection during persistent infection are 
required. The first half of this chapter discusses these points, followed by a discussion of 
immunotherapeutic approaches in both animal models and humans in the second half. 

2. Immunological response in viral infection 
2.1 Acute viral hepatitis 
Immunological analysis has been extensively performed in transgenic and chimpanzee 
models of acute HBV infection. In one model, transgenic mice, in which infectious HBV 
virions replicate in the liver with expression of all HBV-related antigens, were injected with 
HBsAg-specific cytotoxic T lymphocytes (CTLs) that had been induced in nontransgenic 
mice. The injected CTLs produced interferon (IFN)- and tumor necrosis factor (TNF)-, 
which purged viral RNA and DNA without destroying infected hepatocytes (Guidotti et al., 
a 1996; Chisari, 1997; Guidotti et al., 2001). Importantly, this noncytolytic clearance of 
intracellular HBV is more efficient at controlling HBV replication than the killing of infected 
hepatocytes. In this sense, hepatitis is not only a harmful event but also represents an 
effective mechanism by which CTLs suppress HBV. It is important to note that in the HBV 
transgenic mouse model of acute hepatitis, administration of antibodies against the 
chemokines, IFN--inducible protein (IP-10) and monokine induced by interferon- (Mig) 
reduced the recruitment of mostly Ag-nonspecific mononuclear cells into the liver that had 
been induced by cytokines and chemokines produced by injected CTLs, leading to a 
reduction in the severity of hepatitis without affecting the antiviral activity of the CTLs 
(Kakimi et al., 2001). These observations have important therapeutic implications, because 
suppression of Ag-nonspecific mononuclear cell recruitment may suppress hepatitis while 
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virions replicate in the liver with expression of all HBV-related antigens, were injected with 
HBsAg-specific cytotoxic T lymphocytes (CTLs) that had been induced in nontransgenic 
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which purged viral RNA and DNA without destroying infected hepatocytes (Guidotti et al., 
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chemokines, IFN--inducible protein (IP-10) and monokine induced by interferon- (Mig) 
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retaining the antiviral function of the CTLs. Noncytolytic viral eradication can account for 
recovery from acute HBV infection in that most HBV is cleared from hepatocytes with only a 
fraction of the hepatocytes being destroyed. This was confirmed in a chimpanzee infection 
model; HBV DNA level was markedly decreased in the liver and blood of acutely infected 
chimpanzees before peak serum alanine aminotransferase (ALT) concentrations were 
reached (Guidotti et al., 1999), suggesting that this noncytopathic T cell effector mechanism 
results in early viral inhibition or eradication, whereas a cytopathic T cell effector 
mechanism would be required to eliminate the remaining virus by destroying infected 
hepatocytes.  
In humans, the HBV-specific T cell response during incubation phase of acute hepatitis B 
has been analyzed extensively using HLA class I tetramer and cytokine staining (Webster et 
al., 2000). The data showed that maximal reduction in HBV DNA in the serum occurred 
before the peak of ALT elevation, again indicating that suppression of HBV replication 
occurs without hepatocyte injury. Moreover, infiltration of HBV-specific CD8+ T cells into 
the liver has been observed several weeks before the peak of liver injury, suggesting that 
HBV-specific T cell infiltration occurs at an early stage of infection resulting in suppression 
of HBV replication. Thereafter, recruitment of mostly nonspecific cells induced by cytokines 
or chemokines produced by HBV-specific T cells contributes to significant liver damage.  
The overall data from studies in mice, chimpanzees, and humans are essentially the same, 
and indicate that a sufficient T cell response to HBV at an early phase of infection is 
important for eradication of virus infection, and that an insufficient T cell response may lead 
to persistent viral infection.  
The same is essentially true in acute HCV infection. Multispecific and vigorous CTL 
responses against HCV antigens are important for successful eradication of the virus. 
Moreover, a CD4+ T cell response at an early stage of acute infection and persistence of the 
response are apparent in acute infection (Semmo et al., 2007). In contrast to acute HBV 
infection, the majority of patients with acute HCV infection progress to persistent infection, 
and the mechanisms underlying failure to eradicate the virus have been analyzed. The 
failure of CD4+ T cell function is a key factor in HCV persistence and CD4+ T cells from 
persistent infection do not produce Th1 cytokines, such as IFN- and IL-2, but produce IL-4 
and IL-10, clearly distinct from those seen in patients with recovery (Tsai et al., 1997). 
Moreover, an early and strong Th1 response has been shown to play an important role in 
disease resolution. One possible mechanism explaining why the Th2 type CD4+ T cell 
response is dominant in patients with persistent infection is a defective function of dendritic 
cells, possibly due to lack of IL-12 production (Fowler et al., 2003).  

2.2 Antigen-specificity of T cell response in viral hepatitis 
The antigen-specificity of the T cell response to HBV in acute hepatitis has been analyzed, 
and it is clear that acute viral hepatitis involves a vigorous CTL response to multiple 
epitopes in the viral nucleocapsid, envelope, and polymerase proteins, while these are not 
seen in patients with chronic hepatitis (Rehermann, 1996). Although multi-specificity of the 
CTL response is characteristic in acute hepatitis, there is known to be a hierarchy of epitope-
specific CD8+ T cell responses determined by cytokine production after peptide stimulation. 
In acute hepatitis B, CD8+ T cell response to HBc18-27 (HLA-A2 restricted epitope) is 
dominant followed by the response to polymerase epitope (455 – 463), whereas envelope 
epitopes are always subdominant (Webster et al., 2001). The hierarchy is clearly distinct 
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from that observed in chronic hepatitis, in which the CD8+ T cell response to envelope 
epitope (183 – 191) is always dominant. Interestingly, chronic hepatitis patients with lower 
HBV DNA levels in the serum show greater responses to HBc18-27 than those with high 
HBV DNA. These findings imply that the T cell response to HBcAg is important for viral 
control, which is important for designing peptide vaccines for the treatment of chronic HBV 
infection. 
In acute HCV infection, the CTL responses were directed against multiple viral epitopes, in 
particular within the structural (core) and nonstructural (NS) regions of the virus (NS3, NS4, 
and NS5), and the CTL frequencies were higher in patients with acute infection (Cucchiarini 
et al., 2000; Lechner et al., 2000) than in those who develop persistent infection. The 
hierarchy of HCV epitopes has not been analyzed extensively, but resolution of primary 
infection in the chimpanzee was shown to be associated with a dominant CD4+ T cell 
response against epitopes including NS3 (GYKVLVLNPSV), suggesting the existence of an 
HCV epitope hierarchy (Shoukry et al., 2004). 

2.3 Chronic hepatitis 
In contrast to acute hepatitis, the T cell response to HBV is weak and is narrowly focused in 
chronically infected patients (Chisari et al., 1995), suggesting that it may be a cause of 
persistent infection.  
HBV-specific helper and cytotoxic T lymphocytes (CTLs) are barely detectable in peripheral 
blood of patients with chronic hepatitis B (Ferrari et al., 1990), possibly due to exhaustion by 
high viral load or tolerance to HBV. Maini et al. (2000) reported that the number of HBV-
specific T cells, detected using tetramers was the same in livers with low HBV DNA/ALT as 
in those with high HBV DNA/ALT. Hence, HBV-specific T cells recognize HBV antigens 
and carry out immune surveillance in the liver. Thus, they have an important role in 
controlling HBV replication in the liver without causing hepatic necroinflammation in low 
DNA/ALT anti-HBe+ HBV carriers. It remains unknown why HBV-specific T cells fail to 
effectively control HBV replication in the liver with chronic hepatitis. However, recent 
advances in immunology have given some insight into the mechanism as described below. 
In contrast to chronic HBV infection, CTL response against various HCV epitopes including 
core, envelope and NS regions can be detected in chronic HCV infection, especially in liver-
infiltrating lymphocytes (Koziel et al, 1995). Although intrahepatic CTL response was 
shown associated with low viral load (Freeman et al, 2003), the CTL response is not enough 
to terminate HCV infection possibly due to the presence of immunosuppressive 
mechanisms similar to chronic HBV infection.  

3. Immunosuppressive mechanisms responsible for persistent hepatitis virus 
infection 
3.1 Regulatory T cells (Tregs) 
Tregs expressing the forkhead family transcription factor, Foxp3, are specialized cells that 
exert negative control on a variety of physiological and pathological immune responses, 
resulting in maintenance of immunological self-tolerance (Miyara et al., 2011). They show 
diverse phenotypes, occurring in both CD4+ and CD8+ T cell subsets, and express CD25 
(IL-2 receptor  chain) and/or cytotoxic T-lymphocyte antigen 4 (CTLA-4) in addition to 
Foxp3. 
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In HBV infection, HBeAg-positive patients with high HBV DNA levels in the serum showed 
elevated numbers of CD4+CD25+ Treg cells in the blood compared to patients with acute or 
chronic HCV infection (Xu et al., 2006). Significant accumulation of CD4+CD25+FoxP3+ Treg 
cells in the liver was found in patients with chronic HBV infection. Moreover, patients with 
high viral load have a higher proportion of Tregs in the liver (Stoop et al., 2008), suggesting 
that intrahepatic Tregs suppress antiviral immune responses in the liver in chronic hepatitis 
B virus infection. In HCV infection, it has also been shown that a higher frequency of 
CD4+CD25+ regulatory T cells in the blood of chronically HCV-infected patients versus 
recovered or healthy individuals (Cabrera et al., 2004; Boettler et al., 2005) and the presence 
of CD4+FoxP3+ T cells in the liver of chronically HCV-infected patients (Sturm et al., 2010).  

3.2 Programmed Death-1 (PD-1) 
PD-1 is a surface receptor critical for the regulation of T cell function (Francisco et al., 
2010; Fife et al., 2011). Binding to PD-1 by its ligands PD-L1 and PD-L2 results in the 
antigen-specific inhibition of T cell proliferation, cytokine production, and cytolytic 
function, leading to exhaustion of T cells. In the liver, PD-1 is expressed on lymphocytes; 
PD-L1 is expressed on lymphocytes, hepatocytes, and sinusoidal endothelial cells, and 
PD-L2 is expressed on Kupffer cells and DCs (Chen et al., 2010). HBeAg-positive patients 
with high HBV DNA levels in the serum showed increased PD-1 and CTLA-4 expression 
on HBV-specific CD8+ T cells (Peng et al., 2011). Moreover, PD-1 expression on CD4+ T 
cells is correlated positively with serum HBV DNA load in CHB patients (Nan et al., 
2010). Intrahepatic HBV-specific CD8+ T cells express higher levels of PD-1, and 
upregulation of intrahepatic PD-1/PD-L1 is associated with liver inflammation and ALT 
elevation (Fisicaro et al., 2010). Although the mechanism underlying the upregulation of 
PD-1 on CD8+ T cells in the inflamed liver is unknown, signals from PD-1 inhibit HBV-
specific T cells, resulting in insufficient antiviral responses leading to failure of viral 
control and persistent liver inflammation. Importantly, PD-1/PD-L1 blockade increased 
CD8+ T cell proliferation and enhanced IFN- and IL-2 production by intrahepatic 
lymphocytes (Fisicaro et al., 2010). These findings suggest that inhibition of PD-1/PD-L1 
may have therapeutic potential for the control of hepatitis B. 
Similar to T cells in patients with chronic hepatitis B, circulating and intrahepatic HCV-
specific CD8+ T cells were found to express high levels of PD-1 (Golden-Mason et al., 2007), 
and PD-1 expression level in the liver is higher than that in peripheral blood. Increased 
expression of PD-1 is associated with CD8+ T cell dysfunction, and functional restoration is 
achieved by blocking the signal from PD-1 (Penna et al., 2007). Recently, HCV core protein 
was shown to induce PD-1 and PD-L1 on T cells from healthy donors (Yao et al., 2007), 
indicating that immunosuppressive ability of HCV core protein is mediated by the 
upregulation of inhibitory molecules on T cells. Increased PD-1 expression on HCV-specific 
CTLs was reported to be significantly associated with poor response to antiviral therapy 
(Golden-Mason et al., 2008), and PD-L1 expression on DCs is increased during IFN-a 
treatment (Urbani et al., 2008), suggesting that PD-1/PD-L1 is associated with the efficacy of 
antiviral treatment. PD-1 is also expressed on Tregs in the liver, and the signal from PD-1 
ligation provides an overall inhibitory signal to Tregs. PD-1 blockade enhanced IL-2-
dependent proliferation of intrahepatic Tregs in response to HCV antigens and enhanced 
the inhibitory ability of Tregs ((Franceschini et al. 2009), suggesting that complex 
interactions determine the direction of antiviral immune response. 
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3.3 Interluekin-10 (IL-10) 
Interleukin (IL)-10 is an important cytokine with anti-inflammatory properties, and is 
produced by activated monocytes/macrophages and T cell subsets, including Treg and Th1 
cells (Sabat et al., 2010). Immunosuppression by IL-10 is associated with functional 
exhaustion of memory T cells in chronic lymphocytic choriomeningitis virus (LCMV) 
infection, and blockade of IL-10 receptors could terminate chronic LCMV infection (Ejrnaes 
et al., 2006). In chronic HBV infection, HBcAg stimulates the production of IL-10, which 
negatively regulates HBcAg-specific Th17 cell responses in CHB patients (Li et al., 2010). 
In HCV infection, peripheral blood mononuclear cells produce IL-17, IFN-, IL-10, and TGF-
 in response to NS4 protein of HCV, and neutralization of TGF- or IL-10 significantly 
enhances NS4-specific IL-17 and IFN- production by T cells from HCV-infected patients 
(Rowan et al., 2008). Moreover, lipopolysaccharide and HCV core protein trigger IL-10 and 
TNF- production from monocytes, but at much lower levels from monocytes in patients 
with self-limiting HCV infection (Martin-Blondel et al., 2008). These data indicate that HCV 
proteins induce IL-10 from monocytes in patients with chronic HCV infection, leading to 
suppression of antiviral immune response. 

3.4 T-cell immunoglobulin and mucin domain-containing molecule-3 (Tim-3) 
It has been reported that not all exhausted T cells show upregulation of PD-1 and 
downregulation of CD127 (IL-7 receptor), and blockade of the PD-1/PD-L1 signaling 
pathway does not always restore proliferation and cytokine production (Golden-Mason et 
al., 2009). Recently, another inhibitory molecule, Tim-3, has been reported. A high frequency 
of Tim3-expressing CD4+ and CD8+ T cells are found in chronic HBV infection, and the 
frequency of Tim-3+ T cells was positively correlated with the severity of liver inflammation, 
and negatively correlated with plasma IFN- levels (Ju et al., 2009). Tim-3 was also highly 
expressed on CD4+ and CD8+ T cells in HCV infection, with the highest levels seen on HCV-
specific CTLs. Tim-3 expression is associated with reduced Th1/Tc1 cytokine production, 
and blocking the Tim-3 – Tim-3 ligand interaction could enhance CD4+ and CD8+ T cell 
proliferation in response to HCV-specific antigens (Golden-Mason et al., 2009). 

3.5 Dysfunction of DCs 
DCs are specialized antigen-presenting cells that orchestrate immune responses. They 
stimulate innate and acquired immune responses, but also act as tolerogenic cells for 
immune responses in a variety of situations. In viral hepatitis, dysfunction of DCs from 
peripheral blood has been reported. In patients with chronic hepatitis B, maturation of DCs 
from peripheral blood of patients after incubation with cytokines is lower than that of 
normal subjects with lower expression of HLA-DR and costimulatory molecules in the 
former population (Wang et al., 2001), leading to low allostimulatory function of DCs from 
CHB patients. The mechanism of impairment of DC function in patients with chronic 
hepatitis B is unclear, but both HBV particles and purified HBsAg may have 
immunomodulatory capacity and may directly contribute to the dysfunction of myeloid 
DCs (Op den Brouw et al., 2009). Importantly, impaired function of monocyte-derived DCs 
from patients with CHB could be reversed by inhibiting viral replication with nucleoside 
analogs such as lamivudine (Beckebaum et al., 2003). Type 2 precursor plasmacytoid 
dendritic cells (pDCs), which are the most important cells in antiviral innate immunity, were 
also reported to have quantitative and qualitative impairment in patients with chronic HBV 
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In HBV infection, HBeAg-positive patients with high HBV DNA levels in the serum showed 
elevated numbers of CD4+CD25+ Treg cells in the blood compared to patients with acute or 
chronic HCV infection (Xu et al., 2006). Significant accumulation of CD4+CD25+FoxP3+ Treg 
cells in the liver was found in patients with chronic HBV infection. Moreover, patients with 
high viral load have a higher proportion of Tregs in the liver (Stoop et al., 2008), suggesting 
that intrahepatic Tregs suppress antiviral immune responses in the liver in chronic hepatitis 
B virus infection. In HCV infection, it has also been shown that a higher frequency of 
CD4+CD25+ regulatory T cells in the blood of chronically HCV-infected patients versus 
recovered or healthy individuals (Cabrera et al., 2004; Boettler et al., 2005) and the presence 
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3.2 Programmed Death-1 (PD-1) 
PD-1 is a surface receptor critical for the regulation of T cell function (Francisco et al., 
2010; Fife et al., 2011). Binding to PD-1 by its ligands PD-L1 and PD-L2 results in the 
antigen-specific inhibition of T cell proliferation, cytokine production, and cytolytic 
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PD-L2 is expressed on Kupffer cells and DCs (Chen et al., 2010). HBeAg-positive patients 
with high HBV DNA levels in the serum showed increased PD-1 and CTLA-4 expression 
on HBV-specific CD8+ T cells (Peng et al., 2011). Moreover, PD-1 expression on CD4+ T 
cells is correlated positively with serum HBV DNA load in CHB patients (Nan et al., 
2010). Intrahepatic HBV-specific CD8+ T cells express higher levels of PD-1, and 
upregulation of intrahepatic PD-1/PD-L1 is associated with liver inflammation and ALT 
elevation (Fisicaro et al., 2010). Although the mechanism underlying the upregulation of 
PD-1 on CD8+ T cells in the inflamed liver is unknown, signals from PD-1 inhibit HBV-
specific T cells, resulting in insufficient antiviral responses leading to failure of viral 
control and persistent liver inflammation. Importantly, PD-1/PD-L1 blockade increased 
CD8+ T cell proliferation and enhanced IFN- and IL-2 production by intrahepatic 
lymphocytes (Fisicaro et al., 2010). These findings suggest that inhibition of PD-1/PD-L1 
may have therapeutic potential for the control of hepatitis B. 
Similar to T cells in patients with chronic hepatitis B, circulating and intrahepatic HCV-
specific CD8+ T cells were found to express high levels of PD-1 (Golden-Mason et al., 2007), 
and PD-1 expression level in the liver is higher than that in peripheral blood. Increased 
expression of PD-1 is associated with CD8+ T cell dysfunction, and functional restoration is 
achieved by blocking the signal from PD-1 (Penna et al., 2007). Recently, HCV core protein 
was shown to induce PD-1 and PD-L1 on T cells from healthy donors (Yao et al., 2007), 
indicating that immunosuppressive ability of HCV core protein is mediated by the 
upregulation of inhibitory molecules on T cells. Increased PD-1 expression on HCV-specific 
CTLs was reported to be significantly associated with poor response to antiviral therapy 
(Golden-Mason et al., 2008), and PD-L1 expression on DCs is increased during IFN-a 
treatment (Urbani et al., 2008), suggesting that PD-1/PD-L1 is associated with the efficacy of 
antiviral treatment. PD-1 is also expressed on Tregs in the liver, and the signal from PD-1 
ligation provides an overall inhibitory signal to Tregs. PD-1 blockade enhanced IL-2-
dependent proliferation of intrahepatic Tregs in response to HCV antigens and enhanced 
the inhibitory ability of Tregs ((Franceschini et al. 2009), suggesting that complex 
interactions determine the direction of antiviral immune response. 
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3.3 Interluekin-10 (IL-10) 
Interleukin (IL)-10 is an important cytokine with anti-inflammatory properties, and is 
produced by activated monocytes/macrophages and T cell subsets, including Treg and Th1 
cells (Sabat et al., 2010). Immunosuppression by IL-10 is associated with functional 
exhaustion of memory T cells in chronic lymphocytic choriomeningitis virus (LCMV) 
infection, and blockade of IL-10 receptors could terminate chronic LCMV infection (Ejrnaes 
et al., 2006). In chronic HBV infection, HBcAg stimulates the production of IL-10, which 
negatively regulates HBcAg-specific Th17 cell responses in CHB patients (Li et al., 2010). 
In HCV infection, peripheral blood mononuclear cells produce IL-17, IFN-, IL-10, and TGF-
 in response to NS4 protein of HCV, and neutralization of TGF- or IL-10 significantly 
enhances NS4-specific IL-17 and IFN- production by T cells from HCV-infected patients 
(Rowan et al., 2008). Moreover, lipopolysaccharide and HCV core protein trigger IL-10 and 
TNF- production from monocytes, but at much lower levels from monocytes in patients 
with self-limiting HCV infection (Martin-Blondel et al., 2008). These data indicate that HCV 
proteins induce IL-10 from monocytes in patients with chronic HCV infection, leading to 
suppression of antiviral immune response. 

3.4 T-cell immunoglobulin and mucin domain-containing molecule-3 (Tim-3) 
It has been reported that not all exhausted T cells show upregulation of PD-1 and 
downregulation of CD127 (IL-7 receptor), and blockade of the PD-1/PD-L1 signaling 
pathway does not always restore proliferation and cytokine production (Golden-Mason et 
al., 2009). Recently, another inhibitory molecule, Tim-3, has been reported. A high frequency 
of Tim3-expressing CD4+ and CD8+ T cells are found in chronic HBV infection, and the 
frequency of Tim-3+ T cells was positively correlated with the severity of liver inflammation, 
and negatively correlated with plasma IFN- levels (Ju et al., 2009). Tim-3 was also highly 
expressed on CD4+ and CD8+ T cells in HCV infection, with the highest levels seen on HCV-
specific CTLs. Tim-3 expression is associated with reduced Th1/Tc1 cytokine production, 
and blocking the Tim-3 – Tim-3 ligand interaction could enhance CD4+ and CD8+ T cell 
proliferation in response to HCV-specific antigens (Golden-Mason et al., 2009). 

3.5 Dysfunction of DCs 
DCs are specialized antigen-presenting cells that orchestrate immune responses. They 
stimulate innate and acquired immune responses, but also act as tolerogenic cells for 
immune responses in a variety of situations. In viral hepatitis, dysfunction of DCs from 
peripheral blood has been reported. In patients with chronic hepatitis B, maturation of DCs 
from peripheral blood of patients after incubation with cytokines is lower than that of 
normal subjects with lower expression of HLA-DR and costimulatory molecules in the 
former population (Wang et al., 2001), leading to low allostimulatory function of DCs from 
CHB patients. The mechanism of impairment of DC function in patients with chronic 
hepatitis B is unclear, but both HBV particles and purified HBsAg may have 
immunomodulatory capacity and may directly contribute to the dysfunction of myeloid 
DCs (Op den Brouw et al., 2009). Importantly, impaired function of monocyte-derived DCs 
from patients with CHB could be reversed by inhibiting viral replication with nucleoside 
analogs such as lamivudine (Beckebaum et al., 2003). Type 2 precursor plasmacytoid 
dendritic cells (pDCs), which are the most important cells in antiviral innate immunity, were 
also reported to have quantitative and qualitative impairment in patients with chronic HBV 



 
Viral Hepatitis - Selected Issues of Pathogenesis and Diagnostics 

 

70

infection (Duan et al., 2004). Recently, HBV itself was shown to inhibit the functions of pDCs 
(Woltman et al., 2011). These data indicate that DCs in patients with chronic hepatitis B have 
impaired function leading to insufficient T cell response to HBV, which could be the 
mechanism responsible for persistent viral infection. 
In chronic hepatitis C, DCs from patients also show impaired immunostimulatory function, 
which could be induced by HCV (Eksioglu et al., 2010) or NS4 protein (Takaki et al., 2010). 
Monocyte-derived DCs from HCV patients were shown to induce proliferation of 
CD4+CD25+FoxP3+ regulatory T cells, which limit proliferation of HCV-specific T 
lymphocytes (Dolganiuc et al., 2008). DCs in HCV patients thus inhibit T cell responses via a 
variety of mechanisms.  

4. Immunotherapy for viral hepatitis 
Therapeutic strategies for terminating viral infection should be evaluated based on the 
mechanisms responsible for insufficient antiviral immunological mechanisms leading to 
persistent viral infection. Most immunotherapeutic approaches for viral hepatitis have been 
directed against hepatitis B. This is likely due to the availability of good animal models of 
persistent HBV infection, ready availability of HB vaccine and accumulation of basic 
immunological analyses. Previous animal studies and human trials are listed in Tables 1 and 
2, respectively.  
 

Peptide vaccination 
Wang et al. 2010; A synthesized fusion peptide, consisting of HBcAg18-27 and HIV Tat49-
57 adjuvanted with CpG ODN increased CD3+, CD4+ and CD8+ cells and the production 
of IFN- and IL-2. Vaccination with the peptide reduced serum HBV DNA levels and 
decreased the expression levels of HBsAg and HBcAg in the livers of transgenic mice. 
Protein vaccination 
Akbar et al, 1997; HBV transgenic mice were treated with vaccine on the base of surface 
antigen in complete Freund's adjuvant once a month for 12 months. Most of the mice 
showed reduction of HBV DNA level and disappearance of HBeAg and HBsAg. 
Menne et al, 2007; A combination of conventional vaccine on the base of the WHV large 
surface protein contained HBsAg with pre-S and clevudine significantly restored the T-
cell response to Pre-S and S region in chronic WHV infection.  
Miller at al, 2008; One hour post-infection with DHBV, DNA vaccine expressing DHBc 
and Pre-S/S and entecavir were given simultaneously and continued for 14 days. Ducks 
boosted with fowl poxvirus vectors expressing DHBc and Pre-S/S showed clearance of 
DHBV infection at a rate of 100%. 
DNA immunization 
Thermet et al, 2008; DNA vaccine encoding the DHBV large envelope and/or core 
protein was given 6 times with or without lamivudine in a DHBV model. Reduction of 
viremia and liver DHBV cccDNA was observed in 33% of ducks receiving DNA vaccine 
mono- or combination therapy. Seroconversion to anti-pre S was observed in 67% of 
ducks showing cccDNA clearance. 
Encke et al, 2006; The combination of DNA vaccination encoding HCV core and mouse 
IL-2 breaks tolerance and activates previously tolerant T cells in an HCV transgenic 
mouse model. 
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DC immunization 
Shimizu et al, 1998; Activated bone marrow-derived DCs were shown to break CTL 
tolerance to HBsAg in HBV transgenic mice. 
Kimura et al, 2002; A single injection of an anti-CD40 agonistic monoclonal antibody into 
HBV transgenic mice induced noncytopathic inhibition of HBV replication, which was 
mediated by antiviral cytokines (IL-12 and TNF-) produced by activated intrahepatic 
antigen-presenting cells. 
Jiang et al, 2008; HBV transgenic mice were injected with HBV-specific peptide-pulsed 
DCs, and significant reductions in the serum HBsAg and HBV DNA concentrations were 
observed. 
Díaz-Valdés et al, 2011; DCs, treated with peptide inhibitors of IL-10, induced strong anti-
HCV T cell responses in HCV transgenic mice. 
Cytokines and adjuvants 
Cavanaugh et al, 1997; Recombinant IL-12 markedly inhibits HBV replication in the liver 
of HBV transgenic mice through its ability to induce IFN-.  
Kakimi et al, 2000; A single injection of -galactosylceramide that can activate 
Valpha14+NK1.1+T cells (NKT cells) abolished HBV replication in HBV transgenic mice. 
Kimura et al, 2002; Injection of IL-18 into HBV transgenic mice inhibited HBV replication 
noncytopathically, which was mediated by activation of resident intrahepatic NK cells 
and NKT cells.  
Gene therapy 
Hong et al, 2011; Lentivectors expressing HBsAg and IgFc fusion Ag could effectively 
break immune tolerance and induced seroconversion to anti-HBs in HBsAg transgenic 
mice. 

CpG ODN; CpG oligodeoxynucleotide, WHV; woodchuck hepatitis virus, DHBV; duck hepatitis B 
virus, cccDNA; covalently closed circular DNA, NKT; natural killer T 

Table 1. Immunotherapeutic approaches for animal models of HBV and HCV infection.  

 

Peptide vaccination 
Heathcote et al, 1999; A vaccine with HBc18-27 peptide comprised of a T-helper cell 
epitope and two palmitic acid residues was administered to chronic hepatitis B (CHB) 
patients. Low levels of CTL activity were induced, but no significant changes in liver 
biochemistry or viral serology were observed. 
Klade et al, 2008; A vaccine containing 7 relevant HCV T cell epitopes and the Th1 
adjuvant poly-L-arginine, induced HCV-specific Th1/Tc1 responses in a subset of HCV 
patients not responding to or relapsing from standard therapy. However, only a minimal 
decrease in HCV viremia was induced by the vaccination. 
Yutani et al, 2009; Vaccination with a peptide derived from HCV core protein induced 
both cellular and humoral responses in nearly all HCV patients with different HLA class 
I-A alleles, and reduced serum ALT and -fetoprotein levels in 29% and 50% of patients, 
respectively. 
Protein vaccination 
Pol et al; 2001; Five intramuscular injections of 20g of a preS2/S (GenHevac B) or S 
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infection (Duan et al., 2004). Recently, HBV itself was shown to inhibit the functions of pDCs 
(Woltman et al., 2011). These data indicate that DCs in patients with chronic hepatitis B have 
impaired function leading to insufficient T cell response to HBV, which could be the 
mechanism responsible for persistent viral infection. 
In chronic hepatitis C, DCs from patients also show impaired immunostimulatory function, 
which could be induced by HCV (Eksioglu et al., 2010) or NS4 protein (Takaki et al., 2010). 
Monocyte-derived DCs from HCV patients were shown to induce proliferation of 
CD4+CD25+FoxP3+ regulatory T cells, which limit proliferation of HCV-specific T 
lymphocytes (Dolganiuc et al., 2008). DCs in HCV patients thus inhibit T cell responses via a 
variety of mechanisms.  

4. Immunotherapy for viral hepatitis 
Therapeutic strategies for terminating viral infection should be evaluated based on the 
mechanisms responsible for insufficient antiviral immunological mechanisms leading to 
persistent viral infection. Most immunotherapeutic approaches for viral hepatitis have been 
directed against hepatitis B. This is likely due to the availability of good animal models of 
persistent HBV infection, ready availability of HB vaccine and accumulation of basic 
immunological analyses. Previous animal studies and human trials are listed in Tables 1 and 
2, respectively.  
 

Peptide vaccination 
Wang et al. 2010; A synthesized fusion peptide, consisting of HBcAg18-27 and HIV Tat49-
57 adjuvanted with CpG ODN increased CD3+, CD4+ and CD8+ cells and the production 
of IFN- and IL-2. Vaccination with the peptide reduced serum HBV DNA levels and 
decreased the expression levels of HBsAg and HBcAg in the livers of transgenic mice. 
Protein vaccination 
Akbar et al, 1997; HBV transgenic mice were treated with vaccine on the base of surface 
antigen in complete Freund's adjuvant once a month for 12 months. Most of the mice 
showed reduction of HBV DNA level and disappearance of HBeAg and HBsAg. 
Menne et al, 2007; A combination of conventional vaccine on the base of the WHV large 
surface protein contained HBsAg with pre-S and clevudine significantly restored the T-
cell response to Pre-S and S region in chronic WHV infection.  
Miller at al, 2008; One hour post-infection with DHBV, DNA vaccine expressing DHBc 
and Pre-S/S and entecavir were given simultaneously and continued for 14 days. Ducks 
boosted with fowl poxvirus vectors expressing DHBc and Pre-S/S showed clearance of 
DHBV infection at a rate of 100%. 
DNA immunization 
Thermet et al, 2008; DNA vaccine encoding the DHBV large envelope and/or core 
protein was given 6 times with or without lamivudine in a DHBV model. Reduction of 
viremia and liver DHBV cccDNA was observed in 33% of ducks receiving DNA vaccine 
mono- or combination therapy. Seroconversion to anti-pre S was observed in 67% of 
ducks showing cccDNA clearance. 
Encke et al, 2006; The combination of DNA vaccination encoding HCV core and mouse 
IL-2 breaks tolerance and activates previously tolerant T cells in an HCV transgenic 
mouse model. 
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DC immunization 
Shimizu et al, 1998; Activated bone marrow-derived DCs were shown to break CTL 
tolerance to HBsAg in HBV transgenic mice. 
Kimura et al, 2002; A single injection of an anti-CD40 agonistic monoclonal antibody into 
HBV transgenic mice induced noncytopathic inhibition of HBV replication, which was 
mediated by antiviral cytokines (IL-12 and TNF-) produced by activated intrahepatic 
antigen-presenting cells. 
Jiang et al, 2008; HBV transgenic mice were injected with HBV-specific peptide-pulsed 
DCs, and significant reductions in the serum HBsAg and HBV DNA concentrations were 
observed. 
Díaz-Valdés et al, 2011; DCs, treated with peptide inhibitors of IL-10, induced strong anti-
HCV T cell responses in HCV transgenic mice. 
Cytokines and adjuvants 
Cavanaugh et al, 1997; Recombinant IL-12 markedly inhibits HBV replication in the liver 
of HBV transgenic mice through its ability to induce IFN-.  
Kakimi et al, 2000; A single injection of -galactosylceramide that can activate 
Valpha14+NK1.1+T cells (NKT cells) abolished HBV replication in HBV transgenic mice. 
Kimura et al, 2002; Injection of IL-18 into HBV transgenic mice inhibited HBV replication 
noncytopathically, which was mediated by activation of resident intrahepatic NK cells 
and NKT cells.  
Gene therapy 
Hong et al, 2011; Lentivectors expressing HBsAg and IgFc fusion Ag could effectively 
break immune tolerance and induced seroconversion to anti-HBs in HBsAg transgenic 
mice. 

CpG ODN; CpG oligodeoxynucleotide, WHV; woodchuck hepatitis virus, DHBV; duck hepatitis B 
virus, cccDNA; covalently closed circular DNA, NKT; natural killer T 

Table 1. Immunotherapeutic approaches for animal models of HBV and HCV infection.  

 

Peptide vaccination 
Heathcote et al, 1999; A vaccine with HBc18-27 peptide comprised of a T-helper cell 
epitope and two palmitic acid residues was administered to chronic hepatitis B (CHB) 
patients. Low levels of CTL activity were induced, but no significant changes in liver 
biochemistry or viral serology were observed. 
Klade et al, 2008; A vaccine containing 7 relevant HCV T cell epitopes and the Th1 
adjuvant poly-L-arginine, induced HCV-specific Th1/Tc1 responses in a subset of HCV 
patients not responding to or relapsing from standard therapy. However, only a minimal 
decrease in HCV viremia was induced by the vaccination. 
Yutani et al, 2009; Vaccination with a peptide derived from HCV core protein induced 
both cellular and humoral responses in nearly all HCV patients with different HLA class 
I-A alleles, and reduced serum ALT and -fetoprotein levels in 29% and 50% of patients, 
respectively. 
Protein vaccination 
Pol et al; 2001; Five intramuscular injections of 20g of a preS2/S (GenHevac B) or S 
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(Recombivax) vaccine in CHB patients showed HBe/anti-HBe seroconversion in 13% and 
HBV DNA negativity in 16% of the treated patients. 
Dahmen et al, 2002; Intradermal commercially available HBV vaccine and laimvudine in 
combination with IL-2 induced a significant antiviral response, leading to HBV DNA loss 
in the serum in two of five patients with chronic hepatitis B. 
Klein et al, 2003; Oral administration of HBV envelope proteins (HBsAg+preS1+preS2) to 
CHB patients three times a week for 20 to 30 weeks induced histological improvement in 
30% of the patients, HBeAg negativity in 26.3% and HBsAg-specific T cell proliferation in 
78%. 
Helvaci et al, 2003; Children with CHB were treated with IFN--2b monotherapy (9 
months) or IFN--2b plus HBV pre-S2/S vaccine (0, 4, 24weeks). The patients who 
received the combination therapy showed a greater reduction in HBV DNA than those 
who received IFN--2b monotherapy. 
Vandepapelière et al, 2007; In HBeAg-positive CHB patients, the combination with 
lamivudune and vaccine on the base of surface antigen with adjuvant did not improve 
the HBe seroconversion rate in comparison with lamivudine therapy alone. 
Senturk et al, 2009; CHB patients who were treated with lamivudine and vaccine on the 
base of surface antigen showed sustained negativity of HBV DNA in 1/4 of the treated 
patients. 
Al-Mahtab et al, 2010; CHB patients were treated with lamivudine and vaccine on the 
base of surface antigen (5 times) for 12 months. HBV DNA became undetectable in 64% of 
the patients, and was decreased in the remaining patients at the end of the combination 
therapy. No patients showed ALT elevation. 
DNA immunization. 
Mancini-Bourgine et al, 2004; DNA vaccine encoding HBV envelope protein induced an 
increase in HBV-specific IFN--secreting T cells in patients with CHB, who had been 
nonresponders to conventional therapies, and HBV DNA levels were transiently 
decreased in 50% of vaccinated patients.  
Mancini-Bourgine et al, 2006; DNA vaccine encoding PreS and S was administered to 
HBeAg+ CHB patients with lamivudine breakthrough, and the patients developed IFN--
producing T cells specific for preS or S antigen. Two of 10 patients showed 
seroconversion to anti-HBe. 
Alvarez-Lajonchere et al; 2009; A new vaccine, CIGB0230, consisting of a mixture of 
plasmid expressing HCV structural antigens and HCV recombinant core protein, Co.120 
was intramuscularly administered 6 times within 20 weeks in patients with chronic HCV 
infection. The vaccination induced specific T cell proliferation and IFN- production in 
73%. More than 40% of vaccinees showed improvement of liver histology, despite 
persistent detection of HCV RNA. 
DC immunization 
Chen et al, 2005; Peripheral blood-derived DCs, activated with GM-CSF and IL-4, were 
pulsed with HBsAg, and were administered subcutaneously twice in CHB patients. Both 
patients with normal and elevated ALT responded equally to DC vaccine and 53% of the 
patients showed induction of HBeAg negativity.  
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Luo et al, 2010; Activated DCs were generated from CD14+ cells of PBL with GM-CSF and 
IL-4, and two peptides, HBcAg18-27 and PreS244-53, were loaded. Aliquots of 5x106 to 
3x107 DCs were infused intravenously, and reinfusion was performed once or twice a 
month for 3 months. Undetectable HBV DNA was achieved in 46.3% and 3.13% of 
HBeAg- and HBeAg+ patients, respectively. ALT normalization was observed in 69% of 
HBeAg- patients and in 30.5% of HBeAg+ patients. 
Gowans et al, 2010; Monocyte-derived DCs loaded with lipopeptides consisting of HCV-
specific HLA-A2.1-restricted CTL epitopes, can induce HCV-specific CD8+ T cell 
responses with IFN- production in PBL in HCV patients in whom conventional IFN-
based therapy has failed. However, ALT levels were not elevated and viral load was not 
decreased.  
Cytokines 
Martin et al, 1993; Granulocyte macrophage-colony stimulating factor (GM-CSF) was safe 
and tolerable up to 1.0g/kg body wt, and induced HBV DNA negativity in 4/8 patients 
with chronic HBV infection. 
Wang et al, 2002; Combination therapy with GM-CSF (50g) and vaccine on the base of 
surface antigen (10g) (four intramuscular injections) significantly reduced serum HBV 
DNA in HBV carrier children. 
Zeuzem et al, 2001; HBV DNA clearance was observed in 25% of CHB patients treated 
with a high dose of IL-12 (0.5g/kg), and a reduction of >50% in HCV RNA level was 
observed in 53% of CHC patients treated with the same dose of IL-12. 
Rigopoulou et al, 2005; The addition of IL-12 to lamivudine therapy stimulated T cell 
response to HBV with IFN- production. However, IL-12 was unable to suppress re-
elevation of HBV DNA after cessation of lamivudine. 
Szkaradkiewicz et al, 2005; Combination of IL-12 and IL-18 stimulated IFN- production 
by CD4+ T cells isolated from peripheral blood of children with chronic hepatitis B in 
response to HBcAg, and the effect was greater than those observed with either cytokine 
alone. 
Woltman et al, 2009; -galactosylceramide was administered to patients with chronic 
HBV infection. It was poorly tolerated and showed no clear suppressive effect on serum 
HBV DNA or ALT levels. 
Thymosin- 1 (Talpha1) 
Arase et al, 2003; The combination of Talpha1 and IFN- for 24 weeks showed no 
statistically significant differences as compared with IFN- monotherapy with respect 
to HBeAg seroconversion, changes in histology, normalization of ALT or loss of HBV 
DNA. 
Iino et al, 2005; CHB patients were treated with Talpha1 for 24 weeks. At 12 months after 
cessation of therapy, 36.4% of patients treated with 1.6mg of Talpha1 achieved ALT 
normalization, 15% achieved HBV DNA clearance by transcription-mediated 
amplification, and 22.8% achieved clearance of HBeAg.  
You et al, 2006; Efficacy of Talpha1 treatment was compared with IFN-, and Talpha1 
treatment was more effective in achieving ALT normalization and HBV DNA negativity 
at the end of the follow-up period than IFN-. 
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(Recombivax) vaccine in CHB patients showed HBe/anti-HBe seroconversion in 13% and 
HBV DNA negativity in 16% of the treated patients. 
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78%. 
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months) or IFN--2b plus HBV pre-S2/S vaccine (0, 4, 24weeks). The patients who 
received the combination therapy showed a greater reduction in HBV DNA than those 
who received IFN--2b monotherapy. 
Vandepapelière et al, 2007; In HBeAg-positive CHB patients, the combination with 
lamivudune and vaccine on the base of surface antigen with adjuvant did not improve 
the HBe seroconversion rate in comparison with lamivudine therapy alone. 
Senturk et al, 2009; CHB patients who were treated with lamivudine and vaccine on the 
base of surface antigen showed sustained negativity of HBV DNA in 1/4 of the treated 
patients. 
Al-Mahtab et al, 2010; CHB patients were treated with lamivudine and vaccine on the 
base of surface antigen (5 times) for 12 months. HBV DNA became undetectable in 64% of 
the patients, and was decreased in the remaining patients at the end of the combination 
therapy. No patients showed ALT elevation. 
DNA immunization. 
Mancini-Bourgine et al, 2004; DNA vaccine encoding HBV envelope protein induced an 
increase in HBV-specific IFN--secreting T cells in patients with CHB, who had been 
nonresponders to conventional therapies, and HBV DNA levels were transiently 
decreased in 50% of vaccinated patients.  
Mancini-Bourgine et al, 2006; DNA vaccine encoding PreS and S was administered to 
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producing T cells specific for preS or S antigen. Two of 10 patients showed 
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infection. The vaccination induced specific T cell proliferation and IFN- production in 
73%. More than 40% of vaccinees showed improvement of liver histology, despite 
persistent detection of HCV RNA. 
DC immunization 
Chen et al, 2005; Peripheral blood-derived DCs, activated with GM-CSF and IL-4, were 
pulsed with HBsAg, and were administered subcutaneously twice in CHB patients. Both 
patients with normal and elevated ALT responded equally to DC vaccine and 53% of the 
patients showed induction of HBeAg negativity.  
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Luo et al, 2010; Activated DCs were generated from CD14+ cells of PBL with GM-CSF and 
IL-4, and two peptides, HBcAg18-27 and PreS244-53, were loaded. Aliquots of 5x106 to 
3x107 DCs were infused intravenously, and reinfusion was performed once or twice a 
month for 3 months. Undetectable HBV DNA was achieved in 46.3% and 3.13% of 
HBeAg- and HBeAg+ patients, respectively. ALT normalization was observed in 69% of 
HBeAg- patients and in 30.5% of HBeAg+ patients. 
Gowans et al, 2010; Monocyte-derived DCs loaded with lipopeptides consisting of HCV-
specific HLA-A2.1-restricted CTL epitopes, can induce HCV-specific CD8+ T cell 
responses with IFN- production in PBL in HCV patients in whom conventional IFN-
based therapy has failed. However, ALT levels were not elevated and viral load was not 
decreased.  
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Martin et al, 1993; Granulocyte macrophage-colony stimulating factor (GM-CSF) was safe 
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with chronic HBV infection. 
Wang et al, 2002; Combination therapy with GM-CSF (50g) and vaccine on the base of 
surface antigen (10g) (four intramuscular injections) significantly reduced serum HBV 
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Zeuzem et al, 2001; HBV DNA clearance was observed in 25% of CHB patients treated 
with a high dose of IL-12 (0.5g/kg), and a reduction of >50% in HCV RNA level was 
observed in 53% of CHC patients treated with the same dose of IL-12. 
Rigopoulou et al, 2005; The addition of IL-12 to lamivudine therapy stimulated T cell 
response to HBV with IFN- production. However, IL-12 was unable to suppress re-
elevation of HBV DNA after cessation of lamivudine. 
Szkaradkiewicz et al, 2005; Combination of IL-12 and IL-18 stimulated IFN- production 
by CD4+ T cells isolated from peripheral blood of children with chronic hepatitis B in 
response to HBcAg, and the effect was greater than those observed with either cytokine 
alone. 
Woltman et al, 2009; -galactosylceramide was administered to patients with chronic 
HBV infection. It was poorly tolerated and showed no clear suppressive effect on serum 
HBV DNA or ALT levels. 
Thymosin- 1 (Talpha1) 
Arase et al, 2003; The combination of Talpha1 and IFN- for 24 weeks showed no 
statistically significant differences as compared with IFN- monotherapy with respect 
to HBeAg seroconversion, changes in histology, normalization of ALT or loss of HBV 
DNA. 
Iino et al, 2005; CHB patients were treated with Talpha1 for 24 weeks. At 12 months after 
cessation of therapy, 36.4% of patients treated with 1.6mg of Talpha1 achieved ALT 
normalization, 15% achieved HBV DNA clearance by transcription-mediated 
amplification, and 22.8% achieved clearance of HBeAg.  
You et al, 2006; Efficacy of Talpha1 treatment was compared with IFN-, and Talpha1 
treatment was more effective in achieving ALT normalization and HBV DNA negativity 
at the end of the follow-up period than IFN-. 
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Lee et al, 2008; The combination of Talpha1 and lamivudine did not show any additional 
antiviral effect compared with lamivudine monotherapy as determined by HBe 
seroconversion and the emergence of viral breakthrough. 
Zhang et al, 2009; A meta analysis demonstrated that combination therapy with 
lamivudine and Talpha1 yielded significantly higher rates of ALT normalization, 
virological response, and HBeAg seroconversion than lamivudine monotherapy.  
Poo et al, 2008; Patients with chronic HCV infection who had been nonresponders to 
prior IFN- and ribavirin were treated with Talpha1, PEG-IFN -2a, and ribavirin for 48 
weeks. Twenty-four percent of the treated patients with genotype 1 achieved a sustained 
virological response. 

GM-CSF; granulocyte macrophage-colony stimulating factor 

Table 2. Immunotherapeutic trials for chronic HBV and HCV infection in humans  

5. Immunotherapeutic approaches for viral hepatitis (Table 1 and 2) 
Immunotherapeutic strategies for viral hepatitis include suppression of viral replication, 
induction of immune response to hepatitis virus, activation of nonspecific cells, and 
administration of cytokines with antiviral activity. 

5.1 Suppression of viral replication 
High viral load has been shown to suppress CD4+ and CD8+ T cells in addition to induction 
of Tregs, which could be reversed by antiviral therapy (Boni et al., 2001). Therefore, 
immunotherapy followed by restoration of virus-specific T cell response with antiviral 
therapy could be more efficient, especially in CHB.  

5.2 Induction of immune response to hepatitis virus 
5.2.1 Peptide immunization 
A peptide vaccine containing highly immunogenic HBc18-27 has been developed and 
administered to CHB patients (Heathcote et al., 1999), but the results were disappointing 
because there was no induction of a significant antiviral T cell response. There have also 
been no reports of efficient peptide vaccination in HCV infection. 

5.2.2 Protein immunization 
In a model of HBV in transgenic mice, vaccine on the base of surface antigen in complete 
Freund’s adjuvant once a month for 12 months induced reduction in HBV DNA, and the 
disappearance of HBeAg and HBsAg in most mice treated. Moreover, it is important to note 
that some mice developed anti-HBs in the sera (Akbar et al., 1997). However, several human 
trials with vaccine on the base of surface antigen showed limited efficacy if used as 
monotherapy.  
Recently, HB vaccine containing not only S protein but also preS has been used with 
increased immunogenicity (Pol et al., 2001, Klein et al., 2003), or has been combined with 
lamivudine or IFN- (Helvaci et al., 2003) leading to potential improvement of clinical 
efficacy. However, analysis on the T cell epitope hierarchy indicated that the most important 
epitope for viral control is HBc18-27, and not the HBsAg epitope in HLA-A2 patients 
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(Webster et al., 2001), suggesting the necessity of reconsidering antigen selection for 
vaccination that could lead to better viral control.  

5.2.3 DNA immunization 
Injection of plasmid DNA has been shown to strongly elicit both cellular and humoral 
immune responses, and is now known to be safe and well-tolerated both in mice and 
humans. In a model of duck hepatitis B virus infection, DNA vaccine encoding HBV large 
envelope and/or core protein was shown to induce reduction in not only viremia but also 
cccDNA in the liver in one third of ducks receiving DNA monotherapy or combination 
treatment along with lamivudine (Thermet et al., 2008). This finding is encouraging because 
clearance of cccDNA from the liver is the goal of treatment for HBV infection, but is difficult 
to achieve using IFN- or nucleoside analogs. Clinical trials have also been performed in 
both HBV and HCV infection with some encouraging results (Table 2), which remain to be 
confirmed by future randomized large-scale trials.  

5.2.4 DC immunization 
DCs are specialized antigen-presenting cells that can induce strong immune responses in T 
and B cell. We have previously shown that activated bone marrow-derived DCs can break 
CTL tolerance to HBsAg in HBV transgenic mice (Shimizu et al., 1998). Thereafter, several 
immunotherapies with activated DCs have been applied in both animals and humans (Table 
1 and 2). In a recent study performed in HBV transgenic mice, peptide-pulsed DCs were 
shown to significantly reduce the concentrations of serum HBsAg and HBV DNA (Jiang et 
al., 2003), indicating therapeutic potential in chronic HBV infection. Recently, DCs treated 
with peptide inhibitors of IL-10 were shown to induce strong anti-HCV T cell response in 
HCV transgenic mice (Díaz-Valdés et al., 2011), suggesting a strategy to augment the 
immunogenic function of DCs. Moreover, when intrahepatic antigen-presenting cells, 
including DCs, were activated by injection of an anti-CD40 agonistic antibody, HBV 
replication was inhibited by a noncytopathic mechanism possibly through production of 
antiviral cytokines such as TNF- and IL-12 (Kimura et al., 2002a). Although no CTL 
response against HBV antigens was reported in this study, the in vivo activation of DCs 
could be an alternative way for inducing antiviral immune responses including possible 
activation of CTLs against HBV. In humans, injection of activated DCs loaded with HBV 
peptide or protein achieved a reduction in HBV DNA level in some patients (Chen et al., 
2005, Luo et al., 2010). HBeAg negativity was achieved in more than half of the treated 
patients in one study (Chen et al., 2005). Although preparation of activated and mature DCs 
incurs financial costs and requires experienced researchers, immunotherapy with DCs is a 
promising method. 

5.2.5 Natural Killer T (NKT) cells  
A single injection of -galactosylceramide abolished HBV replication by activating NKT 
cells in the liver in HBV transgenic mice (Kakimi et al., 2000). However, -
galactosylceramide was poorly tolerated in humans and showed no clear antiviral effect 
(Woltman et al., 2009), possibly due to smaller numbers of NKT cells in the human liver 
than in the mouse liver. 
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Lee et al, 2008; The combination of Talpha1 and lamivudine did not show any additional 
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because there was no induction of a significant antiviral T cell response. There have also 
been no reports of efficient peptide vaccination in HCV infection. 

5.2.2 Protein immunization 
In a model of HBV in transgenic mice, vaccine on the base of surface antigen in complete 
Freund’s adjuvant once a month for 12 months induced reduction in HBV DNA, and the 
disappearance of HBeAg and HBsAg in most mice treated. Moreover, it is important to note 
that some mice developed anti-HBs in the sera (Akbar et al., 1997). However, several human 
trials with vaccine on the base of surface antigen showed limited efficacy if used as 
monotherapy.  
Recently, HB vaccine containing not only S protein but also preS has been used with 
increased immunogenicity (Pol et al., 2001, Klein et al., 2003), or has been combined with 
lamivudine or IFN- (Helvaci et al., 2003) leading to potential improvement of clinical 
efficacy. However, analysis on the T cell epitope hierarchy indicated that the most important 
epitope for viral control is HBc18-27, and not the HBsAg epitope in HLA-A2 patients 
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(Webster et al., 2001), suggesting the necessity of reconsidering antigen selection for 
vaccination that could lead to better viral control.  

5.2.3 DNA immunization 
Injection of plasmid DNA has been shown to strongly elicit both cellular and humoral 
immune responses, and is now known to be safe and well-tolerated both in mice and 
humans. In a model of duck hepatitis B virus infection, DNA vaccine encoding HBV large 
envelope and/or core protein was shown to induce reduction in not only viremia but also 
cccDNA in the liver in one third of ducks receiving DNA monotherapy or combination 
treatment along with lamivudine (Thermet et al., 2008). This finding is encouraging because 
clearance of cccDNA from the liver is the goal of treatment for HBV infection, but is difficult 
to achieve using IFN- or nucleoside analogs. Clinical trials have also been performed in 
both HBV and HCV infection with some encouraging results (Table 2), which remain to be 
confirmed by future randomized large-scale trials.  

5.2.4 DC immunization 
DCs are specialized antigen-presenting cells that can induce strong immune responses in T 
and B cell. We have previously shown that activated bone marrow-derived DCs can break 
CTL tolerance to HBsAg in HBV transgenic mice (Shimizu et al., 1998). Thereafter, several 
immunotherapies with activated DCs have been applied in both animals and humans (Table 
1 and 2). In a recent study performed in HBV transgenic mice, peptide-pulsed DCs were 
shown to significantly reduce the concentrations of serum HBsAg and HBV DNA (Jiang et 
al., 2003), indicating therapeutic potential in chronic HBV infection. Recently, DCs treated 
with peptide inhibitors of IL-10 were shown to induce strong anti-HCV T cell response in 
HCV transgenic mice (Díaz-Valdés et al., 2011), suggesting a strategy to augment the 
immunogenic function of DCs. Moreover, when intrahepatic antigen-presenting cells, 
including DCs, were activated by injection of an anti-CD40 agonistic antibody, HBV 
replication was inhibited by a noncytopathic mechanism possibly through production of 
antiviral cytokines such as TNF- and IL-12 (Kimura et al., 2002a). Although no CTL 
response against HBV antigens was reported in this study, the in vivo activation of DCs 
could be an alternative way for inducing antiviral immune responses including possible 
activation of CTLs against HBV. In humans, injection of activated DCs loaded with HBV 
peptide or protein achieved a reduction in HBV DNA level in some patients (Chen et al., 
2005, Luo et al., 2010). HBeAg negativity was achieved in more than half of the treated 
patients in one study (Chen et al., 2005). Although preparation of activated and mature DCs 
incurs financial costs and requires experienced researchers, immunotherapy with DCs is a 
promising method. 

5.2.5 Natural Killer T (NKT) cells  
A single injection of -galactosylceramide abolished HBV replication by activating NKT 
cells in the liver in HBV transgenic mice (Kakimi et al., 2000). However, -
galactosylceramide was poorly tolerated in humans and showed no clear antiviral effect 
(Woltman et al., 2009), possibly due to smaller numbers of NKT cells in the human liver 
than in the mouse liver. 
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5.2.6 Cytokines and Thymosin-1 (Talpha1) 
Cytokines such as IL-12 (Cavanaugh et al., 1997) and IL-18 (Kimura et al., 2000b) were 
shown to inhibit HBV replication noncytopathically in HBV transgenic mice. In humans, 
GM-CSF (Martin et al., 1993, Wang et al., 2002) and IL-12 (Carreño et al., Zeuzem et al., 2001, 
Rigopoulou et al., 2005) have been used for treatment with some antiviral effects. They have 
been used as monotherapy or in combination with HB vaccine or lamivudine.  
Talpha1, a synthetic 28-amino acid peptide, is able to enhance the Thl immune response and 
also exerts a direct antiviral mechanism of action. It has been used for the treatment of 
chronic HBV (Arase et al, 2003, Iino et al., 2005, You et al., 2006, Lee et al., 2008) and HCV 
(Poo et al., 2008) infection in humans, and showed antiviral effect with some efficacy. 
Although antiviral effect by the addition of Talpha1 to lamivudine or IFN- therapy was 
controversial, a meta analysis demonstrated that the combination therapy with lamivudine 
and Talpha1 showed significantly higher rates of ALT normalization, virological response, 
and HBeAg seroconversion as compared with lamivudine monotherapy (Zhang et al., 2009). 
It is of note that HBeAg seroconversion rate was 45% in the combination group, which was 
significantly higher than that with lamivudine monotherapy (15%).    
 

DCs 
Akbar et al, 2010; DCs from peripheral blood and pulsed with HBsAg/HBcAg could 
induce HBsAg- and HBcAg-specific T cell proliferation in CHB patients. 
PD-1 
Nakamoto et al, 2009; CTLA-4 is preferentially expressed in PD-1+ T cells from the liver 
with chronic HCV infection, and coexpression of CTLA-4 and PD-1 is associated with T 
cell dysfunction. Combined blockade of these molecules, but not blocking of either 
molecule, can reverse CD8+ T cell exhaustion. 
Ha et al, 2008; Blocking PD-1, CTLA-4 and IL-10 combined with therapeutic vaccination 
could synergistically enhance functional CD8+ T cell response and improve viral control 
in chronically infected mice. Moreover, addition of stimulatory signals, such as IL-2, 
could further increase the efficacy of the therapy. 
CD244 
Raziorrouh et al, 2010; PD-1 and CD244 are highly coexpreesed on virus-specific CD8+ T 
cells in chronic HBV infection. Blocking signals through CD244 and its ligand CD48 could 
restore T cell dysfunction independent of the PD-1 pathway.  
Tim-3 
McMahan et al, 2010; Blockade of Tim-3 on human HCV-specific CTLs increased 
cytotoxicity against an HCVAg-expressing hepatocyte cell line that expresses HCV 
epitopes. 
Golden-Mason et al, 2009; Tim-3 expression was increased on both CD4+ and CD8+ T cells 
in chronic hepatitis C infection, and PD-1/Tim-3 double positive T cells are accumulated 
in the liver with chronic hepatitis C. Blocking Tim-3/Tim-3 ligand induced T cell 
proliferation and IFN- production in response to HCV antigens.    
Gene transfection 
Zhang et al, 2010; Human T cells transduced with HCV TCR specific for HCV NS3 1071-1081 
(HLA A2-restricted epitope) recognize the peptide and produced IFN-, IL-2 and TNF-.  

PD-1; programmed death-1, CTLA-4; cytotoxic T lymphocyte antigen-4, Tim-3; T-cell immunoglobulin 
and mucin domain-containing molecule-3  

Table 3. Human basic research for improvement of immunotherapy for viral hepatitis.  
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Moreover, there have been several basic attempts to improve the efficacy of immunotherapy 
(Table 3). Among these reports, augmentation or restoration of T cell response by blocking 
the inhibitory signals have been extensively analyzed in vitro. It has been demonstrated that 
exhausted T cells express not only PD-1, but also CTLA-4 (Nakamoto et al., 2009), CD244 
(Raziorrouch et al., 2010) or Tim-3 (Golden-Mason et al., 2009), and blocking of these 
molecules in combination could be better than blocking any single molecule to achieve full 
activation of the exhausted T cells. 

6. Conclusion 
There have been several attempts to apply immunotherapy for the control of chronic HBV 
and HCV infection, and some of the data are promising. Viral suppression, stimulation of 
antiviral immune response with cytokines, DNA or DC immunization and suppression of 
the immunoinhibitory signals must be combined to achieve desirable antiviral effects. 
Further studies are required to explore the best protocols and their most efficient 
combinations to become a promising and practical treatment. 
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1. Introduction  
Psychological stress, as defined by modern science, appears when an individual balances 
existing threats, being real or imaginary, and after confronting them with his or hers current 
resources, and finds the later to be inadequate. In practice, this occurs when experiences are 
judged to be exceeding adaptive capacities by an individual, therefore over-soliciting the 
mental defense mechanisms and coping capabilities. The above definition and context 
excludes psychiatric disorders that may impair the integration capacities of an individual. In 
the following chapter, psychiatric disorders resulting from stressful events are also excluded.   
Chronic psychosocial stress is possibly the most complex and powerful harming agent, as its 
repetitive nature enables it to constantly follow a patient during the onset and the course of 
chronic disease. 
The idea that stressful events in a life of a person can influence his or hers response to illness 
is an idea that appeared from ancient times, despite a lack of scientific evidence. However, 
recent advances in the field of psychoneuroimmunology led to a new perspective on the 
issue. The scientific community devoted its attention to designing experiments and studies 
in order to document the effects and interactions between psychological and physical stress, 
and the well-being of a living organism.  
Within the last two decades, several studies revealed new interactions between endocrine 
response systems, such as the hypothalamic-pituitary-adrenal axis (HPA) or the 
sympathetic-adrenal-medullary (SAM) system, and various pathologies. Moreover, it has 
been proven that the central nervous system and especially the autonomous component 
exert regulatory effects on the immunity of the organism. The two regulatory bodies are 
deeply interconnected, numerous links at various levels critically determining the end 
function and outcome of the immune response.  
Liver disease was demonstrated to be heavily influenced by perceived chronic stress during 
several human and animal studies. The effects of chronic viral hepatitis on liver parenchyma 
are well known, however the idea that real-life events, independent from the disease itself, 
can influence the course of this disease, is relatively new. 

2. Historical background  
From ancient times, the idea of the mind-body union has been deeply rooted into human 
beliefs. Religion as well as empiric medicine documented the relationship between the state 
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of mind and the organic well-being of an individual. Hippocrates (460-377 BC) identified a 
link between negative emotions and incidents and somatic disorders, introducing the 
concept of psychosomatics. Socrates (469-399 BC) proclaimed as well that in order to cure an 
individual, the physician should take into account the physical illness or defect, as well as 
the spiritual, or as we would call it in modern times, the psychic component. Galen (AD 129-
199) further implemented the concept of negative emotions, such as anger, discontent or 
grief, as being “diseases”.  
However, this conceptual unity was contested during later years, the dispute being 
irrevocably solved by Rene Descartes (1596-1650) who proposed that the body is simply a 
machine that obeys the laws of physics, while the soul, which he placed in the pineal gland, 
was completely separated, and governed the mind of an individual. For the following 300 
years all philosophical and medical writings approached the mind-body dichotomy from 
the same perspective. 
Early twentieth century experiments, pioneered by Ivan Pavlov, William Beaumont and 
Steward Wolf, began to elucidate the relationship between the nervous system and different 
organs and their respective pathologies. 
The last three decades of scientific research were crucial in the understanding of the intricate 
relationships between the  

3. The anatomical foundation and the mechanisms of the organic response to 
stress 
3.1 The central stress mechanism 
Currently, it is widely acknowledged that a central stress mechanism exists, composed of 
different brain structures such as the lateral prefrontal cortex and the medial prefrontal 
structures, which in turn are connected with the amygdala and the paraventricular nucleus 
of the hypothalamus.  
Output from these structures is projected onto the pontomedullary nuclei and the pituitary 
gland. The signals from this central system are conveyed to the sympathetic nervous system 
components regulated through autonomic neurotransmitters (epinephrine and 
norepinephrine). (Glaser R, 2005;)  
The neuroendocrine component is represented by the functional axis composed from the 
hypothalamus, the pituitary and the adrenal glands (the HPA axis), regulated through 
circulating glucocorticoids. (Chrousos GP, 1992; Kemeny ME and Schedlowski M, 2007) 
Pituitary hormones (prolactine and growth hormone) are released along with the 
adrenocorticotropic hormone (ACTH), neuropeptide Y (NPY) and opioids are actively 
released during stressful events. They directly influence antibody as well as cellular 
mediated immune response. ((Malarkey and Mills, 2007; Blalock and Smith, 2007) 
All structures of the immune system receive sympathetic noradrenergic innervation, while B 
and T cellular lines express beta and alpha adrenoreceptors. (Kelley et al., 2007) The 
production and release of various cytokines and the circulation of leukocytes are also 
influenced by adrenaline and noradrenaline, neuromediators which are increasingly 
secreted during stress response. This increased sympathetic response stimulates the 
functions of the next major component in the stress response mechanism, the HPA axis, 
which in turn secretes elevated quantities of glucocorticoids, thus impairing the immune 
response. (Glaser and Kiecolt-Glaser, 2005) 
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3.2 The hypothalamic-pituitary-adrenal axis, glucocorticoids and the sympathetic 
nervous system 
The HPA axis represents, as stated above, the functional and anatomical system that 
regulates glucocorticoid secretion, playing a major role in the adaptive response of a 
normally-functioning organism. It is under direct neural control, receiving sympathetic 
innervation through short and long feedback circuits from the hypothalamus and other 
central structures.  
Hence, it is deeply interconnected with the systemic and sympathetic adrenomedullary 
systems, both key components of the stress system, collaborating for the maintenance of 
basal homeostasis. The corticotrophin-releasing hormone (CRH) and noradrenergic neurons 
of the central stress system are in close relation through a two-way feedback mechanism 
(Sanders VM and Kavelaars A, 2007) that assures inter-regulated levels of production of 
norepinephrine and CRH. (Sawchenko PE et al, 1993) 
The hypothalamus represents the main regulatory structure of the HPA axis. It balances 
glucocorticoid secretion through the release of CRH and arginine vasopressin (AVP), with 
proinflammatory effects. These mediators are released in inflammation areas, while 
plasmatic concentrations remain low, thus proving their local effect in the inflammatory 
process. (Karalis K et al, 1991) The hypothalamic activity is up-regulated by the 
serotoninergic and cholinergic systems, and its activity is inhibited by the opioid-peptide 
and the gamma-aminobutiric acid-benzodiazepine systems existing at cerebral level. 
Substance P stimulates the central noradrenergic system, while inhibiting hypothalamic 
CRH-secreting neurons. (Culman J et al, 1993; Larsen PJ et al, 1993; Jessop DS et al, 1992) 
Hormones secreted by the adrenal medulla, such as corticotrophin, are the most important 
factors that regulate the secretion of glucocorticoids by the HPA. (Hinson JP. 1990; Calogero 
AE et al, 1992)  
Secreted glucocorticoids regulate T-helper-1 and 2 responses to viral infection by inhibiting 
the production of Interleukin 12 (IL-12) and Tumor Necrosis Factor Alpha (TNF Alpha). 
Several other interleukines (IL), such as IL-2 and cytokines IL-10 and IL-4 are stimulated 
through their actions. All these exert a pro-inflammatory role and occur under the influence 
of stress-related mechanisms. (Glaser and Kiecolt-Glaser, 2005). 
Glucocorticoids also cause resistance to cytokines and stimulate eosinophil apoptosis, 
inhibit adhesion molecules and their specific receptors expressions (Cronstein BN et al, 
1992) and exacerbate the acute phase reaction (Hirano T et al, 1990).  Pituitary hormones 
such as corticotrophin and especially beta-endorphin increase the immune response level 
and facilitate local inflammatory activity, (Bateman A et al, 1989) along with having 
analgesic effects (Schafer M et al, 1994). 

3.3 The HPA axis role in acute and chronic liver inflammation 
As already stated above, the activation of the HPA axis represents a key element of the 
normal response to stressor factors. The end result of this stimulation is the active secretion 
of glucocorticoids from the adrenal cortex, which is a natural process designed to improve 
survival chances in a fight-or-run scenario, usually associated with the notion of “exterior 
stress”. This process, however, is involved in the control of the inflammatory response, 
which, in turn, can also interact by stimulation of the vagal afferents and thus activation of 
the HPA axis. 
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Patients with chronic liver diseases, such as viral hepatitis, express delayed cortisol 
clearance and altered cortisol binding at plasma level. Elevated plasma cytokine levels are 
common in chronic inflammatory diseases, and chronic exposure to high levels of 
circulating cytokines is associated with HPA axis failure or dysfunction. (Turnbull AV and 
Rivier CL, 1999) 
Experimental data suggest that chronic liver injury results in elevated TNF-alpha and IL-6 
levels, as well as more specific cellular alterations at hypothalamic level, such as mRNA 
depletion and impaired protein expression resulting in decreased levels of secreted CRH, 
which in turn impairs the activation of HPA axis mechanisms. (Swain MG et al, 1993) 
Thus, lower levels of circulating hormones, consecutive to the independent action of an 
exterior stressor, may be a promoter of hepatic inflammation, concomitant to the usual 
viral effects.  
Acute inflammatory injury of the liver in a rodent model resulted in the rapid activation of 
the HPA axis, with consecutive rises in circulating glucocorticoid (GC) levels. When the 
physiological effects of GCs are inhibited, the inflammatory response is enhanced, resulting 
in an increase mortality rate. (Swain MG et al, 1999) This in turn can be prevented by the 
administration of exogenous GCs. (Swain MG, 2000) The protective effect of GCs can 
partially be attributed to the fact that they mediate the synthesis and release of IL-10 at 
hepatic level, specifically by the liver-specific macrophage system, the Kupffer cells. They 
also produce a number of inflammatory mediators, such as IL-1, IL-6, TNF-alpha and the 
nitric oxide (NO), all of them up-regulated during liver inflammation. These effects are 
attributed to indirect mechanisms, as they interfere with the production of proinflammatory 
transcription factors such as (NF)-kB and the activator protein AP-1, or to direct 
mechanisms which operate at the level of mRNA stability and gene transcription.  
Liao et al (Liao et al, 1995) studied the effects of corticosterone, at both normal and stress 
levels, on an isolated perfused rat liver. He observed that the GC increased the release of 
TNF-alpha and IL-6. Later studies provided evidence that psychological stress itself can 
have the exact effect, possibly by following the same pathways. (Tjandra K et al, 2001) The 
hepatic levels of inflammatory cytokines and compounds are differently influenced by GCs, 
as TNF-alpha seems to be the first to be altered, followed by IL 1 and IL 6.  
The hepatitis C virus was directly linked to the recruitment of cellular effectors implicated in 
liver inflammation, during viral disease. Chemokines, being important mediators of liver 
inflammation, experience an increased expression during HCV infection. As 
dexamethasone, synthetic GC is routinely used in pretreatment phases, and was shown to 
attenuate endotoxins and cytokine expression of chemokines in immune cells during liver 
inflammation, we can suggest a theoretical link between stress-levels of endogenous GCs 
and chemokine levels during viral hepatitis.  
Another critical component of the immune system is represented by T cells. In the liver, they 
are actively involved in the initiation, propagation and maintenance of the inflammatory 
disease. GCs were proven to specifically interact with T-cell proliferation in the liver, 
adrenal steroids being regulators of the T helper (Th) lymphocyte cytokine secretion. Many 
hormones that circulate in plasma as inactive forms are transformed into their active forms 
within the liver. Activation of the HPA axis under stress impairs the release of Th1 
cytokines, thus shifting the profile towards Th2 dominance, as documented by Iwakabe et al 
(Iwakabe K et al, 1998) in a restrain-stress study on a rodent model.  
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Circulating GCs induce T cell apoptosis. During the course of viral hepatitis, increased GCs 
levels at a hepatic level, following HPA activation, correlate with lower levels of activated T-
cells at the same level.  
Tamada et al (Tamada K et al, 1998) proved that administration of dexamethasone increases 
production of IL-4 hepatic natural killer (NK) 1.11-positive T cells, demonstrating that this 
cellular line is resistant to apoptosis induced by GCs. This study comes to support the 
theory that HPA may actively regulate the Th1/Th2 balance during acute or chronic stress 
exposure.  
Proliferation of liver natural killer T (NKT) cells and the up-regulation of the Fas antigen on 
hepatocytes follow the increased GC production by the HPA axis. This conclusion is 
supported by research conducted by Chida and his team (Chida Y et al, 2004; Chida Y et al, 
2006), who induced physical and psychological stress to rats by inescapable foot-shock.  
Restrain stress, another standardized method of assessing psychophysical stress in animal 
studies, was found to increase the proportion of NK cells in the mouse liver through 
increased HPA activity and higher than normal GC concentrations. (Shimizu et al, 2000) 
Recent studies shown that monocyte chemotactic protein (MCP 1) and macrophage 
inflammatory protein (MIP 2) distribute NK cells along with other chemokines, thus 
suggesting that GCs may influence this sub-population through down-regulation of these 
substances (Kawakami K et al, 2001; Faunce DE et al, 2000) 
Neutrophils are important in the early phases of hepatic inflammation. Circulating GCs 
have an inhibitory effect on neutrophil recruitment, as they down-regulate the expression of 
adhesion molecules, thus impairing chemotaxis.   

3.4 The parasympathetic nervous system and hepatic inflammation 
Recently, the main component of the parasympathetic feedback loop-mechanism that 
regulates liver inflammation was identified to be the “cholinergic anti-inflammatory 
pathway”, this theory stating that efferent nerve fibers exist, supplementing the normal 
afferent pathways that sent information to the central nervous system from the hepatic site. 
Several cytokines such as IL-1 beta and TNF alpha seem to be implicated in the transduction 
process. In an in vivo macrophage culture, efferent vagus nerve was found to inhibit TNF 
alpha by releasing acetylcholine, when stimulated by endotoxins. This effect was proven to 
be dependent to nicotine acetylcholine receptor alpha 7 subunit (Borovikova LV et al, 2000; 
Wang H et al, 2003; Chida et al, 2006). 
Several studies on transplanted and denervated livers show that inflammatory and immune 
components are severely impaired by the lack of sympathetic and parasympathetic 
innervations. 
Growing evidence that anti-stress therapies known in traditional and standard medicine 
seem to stimulate the vagal influence on the liver, thus decreasing the immune response. 
(Zachariae R et al, 2001; Lux G et al, 1994) 

4. The influence of psychosocial stress on viral hepatitis 
Not many clinical studies evaluate the relationship between viral hepatitis B or C and stress 
response in a real-life setting. A number of studies did however underline the different 
mechanisms between the primary anatomical and functional systems in the human body 
and the intrinsic mechanisms regulating hepatic inflammation, the main morphological 
change encountered during the course of viral liver infection. 
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Nagano et al (Nagano J et al, 2004) indicated in a clinical trial that a possible correlation 
exists between psychosocial stress and the severity of chronic hepatitis C. His team assessed 
levels of perceived stressor events through standardized stress questionnaires specifically 
designed to also provide information regarding personality types. Type 1 personality 
subjects are prone to disease due to the nature of their personal traits, being likely to be 
affected throughout chronic stress. Both type 1 personality traits as well as psychosocial 
stress positively correlated with the severity of chronic hepatitis C. Stress levels were 
assessed using items from the Grossarth-Maticek theory, which states that type-1 
personality subjects are prone to developing chronic diseases. The severity of chronic 
hepatitis C was assessed through the levels of ALAT, platelet counts, albumin and total 
bilirubin levels, resulting two hepatitis groups and one cirrhosis group, containing those 
patients that exhibited signs of this pathology. Platelet count and serum albumin levels were 
positively correlated with levels of stress, and also proved to be good assessors for the 
severity of chronic hepatitis. ASAT values were strongly correlated with stress levels and 
type 1 personality types, thus establishing a connection between stress and the severity of 
chronic hepatitis C. 
A link between chronic hepatitis B and depression scores and psychosocial stressors were 
assessed in a group of 50 HbsAg-positive Korean immigrants. (Kunkel et al, 2000). 
Depression scores, psychosocial factors and social support were evaluated and compared 
with biological markers of liver dysfunction, including hepatic transaminases, albumin 
levels and prothrombin times. These routine clinic follow-up values were correlated with 
scores obtained from short form Beck Depression Inventory questionnaires. Higher scores 
were significantly associated with elevated levels of transaminases; however albumin and 
PT levels did not correlate with stress scores.  
Psychological implications of hepatitis C virus diagnosis were evaluated by a number of 
studies. Muzaffar et al (Muzaffar L et al, 2005) proved that the diagnosis of HCV is 
considered more stressful than divorce or material loss or house relocation. His study of 98 
patients infected with hepatitis C and 100 controls compared stress and anxiety levels 
regarding the diagnosis of HCV with other life-changing events including death of a close 
relative, loss of marital or material status or move to another city.  
A study performed by Laurent Castera (Castera L et al, 2006) concluded that the 
psychological impact of chronic hepatitis C and emotional burden of such diagnoses are 
considerable, even when liver disease is insignificant. 

5. Psychosocial stress and vaccination against hepatitis B 
Hepatitis B currently represents a major health burden in many areas around the globe. The 
possibility of an effective vaccination is vital for controlling the effects hepatitis B viruses 
may have on exposed populations. Current studies estimate that a proportion of over 90% of 
the healthy subjects respond well to vaccination; however, the remaining 10% may not 
possess protective antibody titers at the end of the vaccination period. (Zajac BA et al, 1986) 
Chronic environmental stress exposure is common in several social settings, such as 
academic mediums which require extensive examination periods, unfulfilled marriages or 
job-related distress. These situations were shown to have a negative impact on all 
components of the immune response. This relationship can best be described by studying 
the effects stressors have on vaccination outcome, as this procedure clearly reflects the 
efficiency of the innate immune system against disease. 
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Clinical studies which take into account stress exposure when assessing vaccination 
protection against hepatitis B are especially useful both for quantifying the effects of 
psychological stress on the immune response, and naturally for determining the optimum 
clinical settings for a successful vaccination campaign. 
Burns et al (Burns VE et al, 2002) evaluated the stress and coping level of 265 first-year 
medical school undergraduates who completed the standard three-dose recombinant 
hepatitis B vaccination program. Test questionnaires were given to the participants, 
assessing life events of the past 12 months as well as coping types through the brief cope 
questionnaire and a short survey on individual health behaviors. Then their serum antibody 
levels were determined quantitatively. They found significant relations between stress 
questionnaire scores and antibody titers, while determining that coping and acceptance 
coping are significant predictors for antibody status. Life events exposure, sleep duration 
and physical exercises also proved to significantly improve antibody status post-
vaccination.   
Another study (Marsland AL et al, 2006) examined 84 graduate students who received 
standard hepatitis B vaccination series. Subjects underwent a battery of questionnaires, and 
blood samples were evaluated. Their results showed that higher scores, measuring a 
positive dispositional affect (thus a sense of well-being and fulfillment), positively 
correlated with greater antibody response to hepatitis B vaccination. Physical activity also 
proved to provide a protective role.  
The general consensus of these studies is that further studies should overcome obvious 
limitations such as retrospective design or small cohorts, and that experimental models can 
be devised in order to assess antibody status after hepatitis B vaccination. 

6. Conclusion 
Current evidence proves a definite link between psychosocial stress levels and the status of 
liver hepatitis. The effects on the immune response ultimately lead to an exacerbation of the 
inflammatory response at hepatic level.  
Recent advances were made in understanding the complete interactions between stress, 
neuroimmunomodulation and ultimately the onset and progress of viral infections. 
Clinical implications are profound, as translational studies deciphering intrinsic cellular 
mechanisms and pathways lead the way to a better understanding of viral liver infection, 
thus improving the standard of care in this pathology.  
Further studies are needed in order to fully understand the complex interactions between 
the social environment and chronic viral hepatitis. 
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1. Introduction 
Hepatotropic viral infections are frequent in allograft recipients and may be caused by a 
number of different viruses. Of these, the most important infectious agents are hepatitis B 
virus (HBV) and  hepatitis C virus (HCV), which can cause both acute and chronic 
hepatitis. In addition, Hepatitis E virus (HEV), thought previously to only cause acute 
hepatitis in the developing world, is emerging as an increasing cause of chronic hepatitis 
and even cirrhosis in solid organ transplant recipients in industrialized 
countries(Gerolami, Moal et al. 2008; Kamar, Mansuy et al. 2008; Gerolami, Moal et al. 
2009; Haagsma, Niesters et al. 2009). Hepatitis D virus (HDV) additionally plays an 
important role in both coinfection and superinfection of HBV in solid organ transplant 
recipients. In addition to the primary viral hepatitis infections, a variety of other systemic 
viral infections, such as the herpesviruses, cytomegalovirus (CMV), Ebstein Barr Virus 
(EBV), and varicella zoster virus (VZV) can have toxic effects on the liver in the 
posttransplant recipient. This chapter will focus primarily on the epidemiology, 
transmission, clinical presentation and management of the primary hepatitis viruses: 
HBV, HCV, HDV and HEV, following solid organ transplantation. General concepts in the 
prevention of post-transplant hepatotropic infections and recent advances and challenges 
will also be discussed. 

2. Risk factors for the development of viral hepatitis post-transplant  
The risk of viral hepatitis following solid organ transplant varies over time and is closely 
related to modifications in immunosuppression. There are three time frames, influenced by 
surgical factors, the level of immunosuppression, and environmental exposures, during 
which infections of specific types most frequently occur posttransplantation. These include 
the first month; the second through sixth months, and the late posttransplant period 
(beyond the sixth month) (Fishman 2007). With few exceptions, most viral hepatitis occurs 
during the middle to late periods following solid organ transplant, often due to reactivation 
within a recipient. However, both donor and recipient-derived infections can present in the 
early posttransplant period. 
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2.1 Epidemiologic exposures 
Epidemiologic exposures, including donor-derived and recipient-derived transmission play 
an integral role in the timing and severity of viral hepatitis. Mandatory reporting of 
transplantation-associated infections has increased awareness of donor-associated infection, 
and all transplant centers perform some type of screening for common types of infections in 
order to reduce transmission from the donor to the recipient. In addition, pre-
transplantation screening of recipients for common causes of viral hepatitis helps to prevent 
reactivation posttransplant. Finally, nosocomial transmission via blood transfusions or 
hemodialysis has been reported in solid-organ transplant recipients.  

2.1.1 Donor-derived infections and screening recommendations 
Transplanted organs can facilitate transmission of hepatitis from organ donors. Most often, 
these infections are latent in the transplanted tissues, however active donor infection (e.g. 
viremia) may also cause viral hepatitis in solid organ transplant recipients. HBV, HCV and 
CMV are the most commonly reported hepatotropic viruses transmitted during solid organ 
transplant though the incidence of transmission has decreased over the last decade due to 
improvements in screening and vaccination practices. Recently, HEV infection has been 
added as an emergent cause of chronic hepatitis in organ transplantation(Haagsma, Niesters 
et al. 2009). 
The screening of transplant donors for infections is limited by the available technology and 
by the short period during which organs from deceased donors can be used. Currently, the 
evaluation of donors for viral hepatitis relies on an epidemiologic history for common 
modes of transmission (e.g. intravenous drug use) and serologic testing for antibodies to 
common hepatotropic viruses such as CMV, HBV (hepatitis B surface antigen (HBsAg), 
antibodies against hepatitis B surface antigen (anti-HBs)), HCV, EBV, and VZV. In certain 
situations (e.g. history of intravenous drug use or known exposure to a hepatotrophic virus) 
special   testing using nucleic acid assays may be performed. Since seroconversion may not 
occur during acute infections and the sensitivity of these tests is not 100%, some active 
infections may remain undetected.  
The ‘window period’ for a pathogen is the interval of time between infection by a pathogen 
and detection of that pathogen by a specific testing method. Nucleic acid testing (NAT) 
shortens the window period for HIV, HCV and HBV relative to serology and therefore may 
decrease the risk of transmitting disease from a serologically negative donor(Humar, Morris 
et al. 2010). For example, NAT for HBV can detect infections 21.8-36 days earlier when 
compared to standard serologic assays(Singer, Kucirka et al. 2008). Although routine NAT 
of potential organ donors may seem logical, it has not been rigorously studied. NAT is 
costly and may be logistically challenging. Most importantly, false-positive results may lead 
to unnecessary loss of uninfected organs(Humar, Morris et al. 2010). A 2008 survey of the 58 
U.S. organ procurement organizations (OPOs) documented that 47% performed NAT on all 
potential donors(Orlowski, Alexander et al. 2009). Another 28% performed NAT on a subset 
of donors, usually based on the identification of behaviors thought to increase the risk of 
infection. OPOs tested for different pathogens using different assays, platforms and 
confirmatory algorithms with varied turn-around times and testing volumes. Some OPOs 
also noted geographic challenges in NAT accessibility, thus contributing to the varied 
practices observed. The turnaround time for NAT is also highly variable, ranging from 12-36 
hours. Time is critical in organ donation, since delays in organ recovery and prolongation of 
cold-ischemic time affects organ utilization and posttransplant function. Current guidelines 
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state that there is insufficient evidence to recommend routine NAT for HIV, HCV and HBV 
as the standard of care for screening all potential organ donors (level III evidence), but 
should be considered to reduce the risk of disease transmission and potentially increase 
organ utilization in increased-risk donors (level II evidence)(Humar, Morris et al. 2010). 
Organs from donors with specified known viral hepatitis can be considered for specific 
recipients. For example, donors infected with HBV who are positive for IgG antibodies 
against hepatitis B core antigen (anti-HBc) can be used for some recipients who have been 
vaccinated or who were previously infected with HBV, provided there is prophylaxis with 
anti-HBV antiviral agents(Fabrega, Garcia-Suarez et al. 2003; Seehofer and Berg 2005; 
Prakoso, Strasser et al. 2006). The use of organs infected with HCV can generally be used in 
other HCV-infected recipients, although this practice remains somewhat controversial(Peek 
and Reddy 2007).  

2.1.2 Recipient-derived infections and screening recommendations 
Active viral hepatitis in solid organ transplant recipients is common and efforts should be 
made to detect and eradicate the infection prior to transplantation, since 
immunosuppression will exacerbate the infectious process. Prior to the era of antiviral 
prophylaxis (late 1980s), 80% of patients experienced HBV reinfection after liver 
transplantation(O'Grady, Smith et al. 1992). However, with the advent of hepatitis B 
immunoglobulin (HBIG) and the first oral antiviral agent for HBV, lamivudine, in the mid-
late 1990s, graft reinfection has become the exception rather than the rule (Buti, Mas et al. 
2007; Coffin and Terrault 2007). In contrast, the course of HCV infection after liver 
transplantation remains discouraging. Since effective antiviral therapies are lacking, 
recipients are uniformly reinfected by HCV, with outcomes determined by the viral strain, 
the presence or absence of previous immunity, and the response to antiviral therapy(Lake 
2006; Gurusamy, Tsochatzis et al. 2010). 
Similar to donor screening, recipient screening is based on the epidemiologic history and 
serologic testing of the recipient. At our institution, all potential solid organ transplant 
recipients are screened with serologic testing for antibodies to CMV, EBV, HSV, VZV, HBV 
(HBsAg, anti-HBs), and HCV. In addition, special serologic testing using nucleic acid assays 
based on epidemiologic risk factors and recent exposures is performed (e.g. HBV or HCV 
viral load).  

2.1.3 Nosocomial-derived infections  
Although rare, patients waiting for organ transplantation may become infected with 
hepatitis viruses via blood transfusion or hemodialysis. A 2010 study on HBV in donated 
blood suggests that the risk is about 1 in every 350,000 units or less (Zou, Dorsey et al. 2010). 
The transmission of HCV via transfusion currently stands at about a rate of 1 in 2 million 
units(Dwyre, Holland et al. 2008).  
In the hemodialysis setting, cross-contamination to patients via environmental surfaces, 
supplies, equipment, multiple-dose medication vials and staff members is mainly 
responsible for both HBV and HCV transmission. The incidence and prevalence of HBV in 
hemodialysis centers have dropped markedly as a result of isolation strategies for HBsAg 
positive patients, the implementation of infection control measures and the introduction of 
HBV vaccine(Edey, Barraclough et al. 2010). The incidence and prevalence of HCV infection 
among hemodialysis patients remain higher than the corresponding general population.  
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2.2 Role of immunosuppression 
Several immunosuppressant protocols are associated with an increased risk of viral 
activation. For example, induction therapy with T-lymphocyte-depleting antibodies such as 
the CD25-receptor antibodies (Interleukin-2 (IL-2) receptor antagonists, basiliximab or 
daclizumab) are associated with increased reactivation of HHV-6 (Acott, Crocker et al. 
2004). In addition, alemtuzumab (Campath-1H, anti-CD52 monoclonal antibody) induction 
has been associated with rapidly progressive HCV recurrence in addition to an increased 
risk of viral infections posttransplant compared to controls (Marcos, Eghtesad et al. 2004; 
Levitsky, Thudi et al. 2011). On the other hand, the IL-2 receptor antagonists have been 
shown to result in lower rates of CMV infection, especially in kidney transplant recipients 
(Webster, Ruster et al. 2010). Finally, OKT3, a murine-depleting monoclonal anti-CD3 
antibody is currently used in the setting of steroid-resistant rejection and has been 
associated with a higher risk of development post-transplant lymphoproliferative disorder 
(PTLD) which is commonly an EBV-related lymphoma(Opelz and Dohler 2004).  

3. Common causes of viral hepatitis in solid organ transplant recipients 
The issues related to viral hepatitis in organ transplant recipients are complex, and the 
approach to management is highly dependent on the organ transplanted. The approach to 
liver transplant patients is significantly different from that of nonhepatic organ transplant 
recipients of viral hepatitis and thus the discussion will be presented based on the type of 
organ (liver versus non-liver) transplanted.  

3.1 Hepatitis B  
HBV is a DNA virus that is transmitted parenterally, sexually, and perinatally, and leads to 
chronic infection in 1.25 million persons in the United States and 350 to 400 million persons 
worldwide. HBV infection accounts annually for 4000 to 5500 deaths in the United States 
and 1 million deaths worldwide from cirrhosis, liver failure, and hepatocellular carcinoma 
(HCC)(Dienstag 2008).  
Chronic HBV infection can be divided into several phases(Lok 2002). Initially, there is an 
immune tolerance phase, in which HBV replicates actively but host immune responses to 
the virus are minimal. After 20–30 years, the immune tolerance phase evolves to an immune 
clearance phase in which HBV-specific cellular immunity becomes active, leading to 
inflammation and damage of hepatocytes. Levels of HBV viremia decrease drastically after 
this phase, and HBV infection then becomes residual. Nevertheless, the infection may 
reactivate in some patients(Lok 2002). HBV replication correlates with the presence of 
hepatitis B e antigen (HBeAg). Prolonged HBeAg sero-positivity or high HBV viral load is 
associated with prolonged liver injuries and a higher risk of HCC(Yang, Lu et al. 2002). The 
immune responses during HBV infection are responsible to the injuries in the liver 
(Bertoletti and Gehring 2007).  

3.1.1  HBV in the Liver Transplant recipient 
3.1.1.1  Epidemiology & specific risk factors  
Fulminant hepatitis and cirrhosis caused by HBV are important indications for LT 
accounting for ~10% of all LT in the United States. Vaccination against HBV has 
dramatically reduced the prevalence of HBV infection in candidates for LT, but it remains 
elevated in patients from developing countries(Chen 2009).  
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Prior to the era of antiviral prophylaxis, 80% of patients experienced HBV reinfection after 
LT, resulting in a 50% two-year posttransplant mortality(Todo, Demetris et al. 1991). 
Although the major source of viral replication (the liver) is removed, circulating virions in 
extrahepatic sites, such as peripheral blood mononuclear cells, can reinfect the newly 
transplanted liver soon after liver transplant(Feray, Zignego et al. 1990). In the mid 1990s, 
Lamivudine (LAM), the first oral antiviral agent for HBV, in addition to hepatitis B 
immunoglobulin (HBIG) revolutionized the treatment of HBV. Long-term high-dose HBIG 
combined with LAM can reduce HBV recurrence to less than 10%(Chen, Yi et al. 2010).  
However, combined treatment with HBIG and LAM is sometimes unable to control 
recurrent HBV infection. Recurrent graft infection may lead to rapid disease progression 
and even death within the first year after LT(Kennedy and Alexopoulos 2010). While 
uncommon, viral resistance to antiviral therapy and HBIG may cause HBV-related graft 
dysfunction(Cooreman, Leroux-Roels et al. 2001). Additional risk factors for recurrence 
include high viral load (> 2 X 104 IU/mL [105 copies/mL]) at the time of LT, high levels of 
immunosuppression, HBeAg positivity and prophylaxis noncompliance. Recurrence is less 
common in patients undergoing LT for fulminant HBV or those with concurrent hepatitis 
delta virus (HDV) infection as such patients typically have lower viral loads(Marzano, Gaia 
et al. 2005). The aggressive clinical course is probably due to stimulation of viral replication 
and direct cytotoxicity of HBV under immunosuppressive therapy(Jiang and Yan 2010). 
Therefore, suppression of HBV replication is paramount to prevent disease progression in 
the transplanted liver. 
3.1.1.2 Diagnosis 
HBV recurrence is typically defined as the reappearance of HBsAg after LT. This is generally 
associated with detectable HBV DNA in the blood, although viremia may also occur in the 
absence of HBs-antigenemia. HBV DNA has been detected in the serum, liver and 
peripheral blood mononuclear cells of HBsAg-negative patients on long-term prophylaxis 
using sensitive polymerase chain reaction (PCR)-based techniques(Roche, Feray et al. 2003). 
The clinical significance of these observations remain uncertain but is likely because of 
persistent occult HBV infection which may be sensitive to changes in HBV prophylaxis or 
modulation of immunosuppression.  
Once activation of virus replication takes place, aggressive hepatitis and subsequent rapid 
development of liver failure may develop (a syndrome described as fibrosing cholestatic 
hepatitis, or FCH). FCH is defined as a rapidly progressive liver disease with cholestasis, 
jaundice, hepatic fibrosis, and liver failure, often complicated by sudden and severe 
multiorgan dysfunction(Angus, Locarnini et al. 1995). With appropriate post-LT 
prophylaxis, FCH is an extremely rare condition and should not be seen unless there is 
patient nonadherence. Retransplantation has been performed in patients with FCH, but 
those who have rapid liver failure shortly after OLT have poor survival (Kim, Wiesner et al. 
1999). 
Monitoring protocols for HBV recurrence after LT vary among transplant centers. HBsAg 
and DNA should be performed at least every 3 months even with HBIG and oral antiviral 
therapy. Although newer, more potent antiviral agents or combination therapy are 
associated with a lower potential for drug resistance, currently there are insufficient data to 
allow for less frequent monitoring(Levitsky and Doucette 2009). Persistent detection of HBV 
DNA levels of >3 log copies/mL during prophylaxis therapy indicates HBV recurrence and 
warrants a change in HBV therapy. 
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3.1.1.3 Treatment 
Pretransplant: Antiviral therapy prior to LT, particularly if HBV DNA can be reduced to 
undetectable levels (or at least < 2 X 104 IU/mL), reduces the risk of HBV recurrence. Seven 
drugs are licensed in the United States for the treatment of HBV infection: interferon alfa 
(IFNα), pegylated interferon alfa-2a (Peg-IFNα), lamivudine (LAM), adefovir dipivoxil 
(ADV), entecavir (ETV), telbivudine, and tenofovir (TDF)(Dienstag 2008). The use of IFN, 
which requires injections daily or thrice weekly, has been supplanted by long-acting Peg-
IFN, which is injected once weekly. A detailed discussion of pre-transplant HBV therapy is 
beyond the scope of this chapter. In general, therapy should be with a potent nucleos(t)ide 
analogues or combination therapy and based on published guidelines(Bhattacharya and 
Thio 2010; Alberti and Caporaso 2011). IFN therapy is not recommended in decompensated 
cirrhotic patients given the risk of precipitating hepatitis flares and further 
decompensation(Levitsky and Doucette 2009).  
Posttransplant recurrence:  HBV infection after LT is usually the result of failed prophylaxis 
(see prophylaxis/prevention), either due to noncompliance or the development of drug- or 
HBIG-resistant HBV infection. The management strategies are the same regardless of the 
reason for HBV infection, but the choice of antiviral agents will be dictated by whether the 
virus is wild-type or mutant. 
In the pre-LAM era, IFN-α was a common therapeutic option for patients with recurrent 
HBV infection after LT. However, with the advent of LAM, it has not been used as a first-
line treatment drug. Patients using IFN-α have a lower efficacy and a higher risk of 
precipitating allograft rejection than those using LAM(Terrault, Holland et al. 1996). LAM 
has been used in the treatment of recurrent HBV infection, with an excellent safety profile in 
both compensated and decompensated cirrhotic patients(Perrillo, Rakela et al. 1999). 
However, the major factor limiting the use of LAM in the treatment of graft HBV infection 
after LT is the development of mutations in the thyrosine-methionine-aspartate-aspartate 
(YMDD) motif of the HBV DNA polymerase gene, which confers resistance to LAM. In non-
immunosuppressed patients, the LAM resistance rate is 15%-20%, however LAM resistance 
is detected in as many as 45% immunosuppressed patients within the first year of treatment 
(Lai, Dienstag et al. 2003). Thus, although LAM therapy results in a loss of viral replication 
markers in serum, an improved hepatic biochemical profile and improvement or 
stabilization in liver histology, LAM resistance and its possible accompanying clinical 
deterioration have limited its long-term use in the treatment of recurrent HBV infection after 
LT(McCaughan, Spencer et al. 1999). 
Adefovir dipivoxil (ADV), a nucleotide analog that selectively inhibits viral polymerases 
and reverse transcriptase, is effective against HBeAg-negative and positive cases and has an 
excellent activity against wild-type as well as LAM-resistant HBV strains(Perrillo, Schiff et 
al. 2000; Hadziyannis, Tassopoulos et al. 2003). Additionally, ADV plus LAM can achieve 
favorable outcomes of HBsAg seroconversion and undetectable HBV DNA in patients with 
de novo graft HBV infection and LAM resistance(Toniutto, Fumo et al. 2004). Mildly elevated 
serum creatinine level may occur after treatment with ADV, especially in combination with 
calcineurin inhibitors, but only a small number of patients require dose adjustment, and 
even discontinuance(Jiang and Yan 2010). However, renal function should be regularly 
monitored, with dose adjustments based on renal function, as necessary.  
Entecavir (ETV), a very potent anti-HBV selective guanosine analogue, approved by the 
United States FDA in 2005, can also be used in the treatment of chronic HBV infection. 
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Unfortunately, few reports are available on ETV in treatment of recurrent HBV infection. 
Most data concerning its efficacy and safety are obtained from patients without LT. ETV is 
superior to LAM or ADV in rendering HBV-DNA undetectable and has a very good 
resistance profile, with <2% cumulative 5-year resistance rate in nucleos(t)ide-naïve chronic 
HBV patients(Papatheodoridis, Manolakopoulos et al. 2008). In addition, it lacks the 
nephrotoxicity that can be seen with ADV, making it an attractive option. However, the high 
probability of resistance with long-term ETV documented in non-transplant patients with 
LAM resistance suggests this ETV is not a good option for LAM-resistant cases post-
transplant(Tenney, Rose et al. 2007). In cases without LAM resistance, ETV could be used 
due to its great potency, high genetic barrier and absence of nephrotoxicity. 
Tenofovir disoproxil fumarate (TDF), a nucleotide analogue has excellent antiviral activity 
against both wild-type and LAM-resistant HBV both in vitro and in vivo(Ying, De Clercq et 
al. 2000; Kuo, Dienstag et al. 2004; Lada, Benhamou et al. 2004; Marcellin, Heathcote et al. 
2008). Furthermore, TDF shows a stronger antiviral effect than ADV on LAM-resistant 
HBV(van Bommel, Zollner et al. 2006). In addition, TDF plus LAM can safely and markedly 
suppress HBV replication in patients with resistance to or non-response to ADV(Choe, 
Kwon et al. 2008). Finally, in pretransplant chronic HBV patients with resistance to both 
LAM and ADV, TDF retains significant activity against HBV although this appears 
diminished in comparison with studies of naïve patients(Patterson, George et al. 2011). Only 
two studies are available on the application of TDF in the treatment of recurrent HBV 
infection after LT(Neff, Nery et al. 2004). An additional pilot study suggests that 
combination therapy with ETV-TDF may be more effective than monotherapy for HBV 
recurrence following LT(Jimenez-Perez, Saez-Gomez et al. 2010). Finally, TDF has significant 
renal tubular toxicity, and in more severe cases, patients can develop Fanconi syndrome 
(which is characterized by tubular proteinuria, amino aciduria, phosphaturia, glycosuria, 
and bicarbonate wasting [leading to metabolic acidosis] or acute kidney injury. Renal 
toxicity is especially prevalent after liver transplant in the setting of immunosuppressant 
medications that also effect renal function. Although TDF can significantly decrease LAM-
resistant HBV variant replication after LT, further studies are needed to determine its 
efficacy and safety profile with a long follow-up time and a large cohort of patients.  

3.1.1.4 Prevention/prophylaxis 
Advances in antiviral prophylaxis have dramatically improved the outcome of 
transplantation in HBV-infected recipients. HBIG, a polyvalent immunoglobulin with a high 
titer of anti-HBs, binds to intracellular and circulating virions to prevent graft infection and 
quickly became the standard of care at most centers worldwide that provide LT. The high 
cost of HBIG ($30–50,000/yr), the inconvenience of ongoing IV infusions and the need for 
continued anti-HBs monitoring have stimulated discussions about alternative prophylaxis 
therapies(Gish and McCashland 2006). LAM monotherapy improves the rate of recurrence 
over no prophylaxis, although the development of resistance results in recurrence in 10-50% 
of patients within 1-3 years after LT(Perrillo, Rakela et al. 1999; Zheng, Chen et al. 2006). In 
contrast to monotherapy, combination therapy with IV HBIG and LAM is highly efficacious 
in preventing graft infection (<10%)(Markowitz, Martin et al. 1998; Dumortier, Chevallier et 
al. 2003; Gane, Angus et al. 2007). Samuel et al. was the first to describe the use of hepatitis B 
immunoglobulin (HBIG) in a large clinical trial to prevent recurrent liver disease after LT in 
patients with liver failure due to HBV infection(Samuel, Muller et al. 1993).  
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HBV(van Bommel, Zollner et al. 2006). In addition, TDF plus LAM can safely and markedly 
suppress HBV replication in patients with resistance to or non-response to ADV(Choe, 
Kwon et al. 2008). Finally, in pretransplant chronic HBV patients with resistance to both 
LAM and ADV, TDF retains significant activity against HBV although this appears 
diminished in comparison with studies of naïve patients(Patterson, George et al. 2011). Only 
two studies are available on the application of TDF in the treatment of recurrent HBV 
infection after LT(Neff, Nery et al. 2004). An additional pilot study suggests that 
combination therapy with ETV-TDF may be more effective than monotherapy for HBV 
recurrence following LT(Jimenez-Perez, Saez-Gomez et al. 2010). Finally, TDF has significant 
renal tubular toxicity, and in more severe cases, patients can develop Fanconi syndrome 
(which is characterized by tubular proteinuria, amino aciduria, phosphaturia, glycosuria, 
and bicarbonate wasting [leading to metabolic acidosis] or acute kidney injury. Renal 
toxicity is especially prevalent after liver transplant in the setting of immunosuppressant 
medications that also effect renal function. Although TDF can significantly decrease LAM-
resistant HBV variant replication after LT, further studies are needed to determine its 
efficacy and safety profile with a long follow-up time and a large cohort of patients.  

3.1.1.4 Prevention/prophylaxis 
Advances in antiviral prophylaxis have dramatically improved the outcome of 
transplantation in HBV-infected recipients. HBIG, a polyvalent immunoglobulin with a high 
titer of anti-HBs, binds to intracellular and circulating virions to prevent graft infection and 
quickly became the standard of care at most centers worldwide that provide LT. The high 
cost of HBIG ($30–50,000/yr), the inconvenience of ongoing IV infusions and the need for 
continued anti-HBs monitoring have stimulated discussions about alternative prophylaxis 
therapies(Gish and McCashland 2006). LAM monotherapy improves the rate of recurrence 
over no prophylaxis, although the development of resistance results in recurrence in 10-50% 
of patients within 1-3 years after LT(Perrillo, Rakela et al. 1999; Zheng, Chen et al. 2006). In 
contrast to monotherapy, combination therapy with IV HBIG and LAM is highly efficacious 
in preventing graft infection (<10%)(Markowitz, Martin et al. 1998; Dumortier, Chevallier et 
al. 2003; Gane, Angus et al. 2007). Samuel et al. was the first to describe the use of hepatitis B 
immunoglobulin (HBIG) in a large clinical trial to prevent recurrent liver disease after LT in 
patients with liver failure due to HBV infection(Samuel, Muller et al. 1993).  
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One major question to answer has been to discover if and when patients can be discontinued 
from HBIG therapy and maintained on antiviral therapy alone. Notably, the recurrence rate 
of HBV infection in the liver graft exceeds 60% with short-term HBIG monotherapy (< 6 
months), but is < 10% if HBIG is stopped more than 6 months to 1 year after LT with 
continuation of a nucleoside such as LAM(Dodson, de Vera et al. 2000). In addition, the use 
of low-dose intramuscular HBIG is also evolving(Yao, Osorio et al. 1999; Yan, Yan et al. 
2006; Gane, Angus et al. 2007). Although it has not yet been defined who can safely 
discontinue HBIG therapy, the best candidates are probably patients with undetectable HBV 
DNA before LT who use combination therapy with medications that have low risk of 
resistance.  
In addition to HBIG + LAM prophylaxis, low recurrence rates have also been demonstrated 
in patients given combination oral antiviral therapy (LAM + ADV) prior to LT and who 
continued therapy post-LT with or without the use of postoperative HBIG therapy(Schiff, 
Lai et al. 2003). In addition, cost modeling has demonstrated that LAM + ADV may be much 
cheaper because of the high cost of HBIG(Dan, Wai et al. 2006). However, there are currently 
insufficient data to recommend post-LT prophylaxis with nucleos(t)ide analogues alone in 
the absence of HBIG. Similar to treatment of recurrent HBV, the choice of prophylaxis for 
HBV should be based on antiviral exposure history, resistance testing and the principles of 
HBV therapy pre-LT.  
Finally, all HBV uninfected, nonimmune LT candidates should be vaccinated for HBV as 
early as possible pre-LT. The percentage of patients who successfully seroconvert, however 
is suboptimal (16-62%), even with double dose regimans, and many (37%-73%) lose 
antibodies to HBsAg within the first year following LT(Levitsky and Doucette 2009). 
3.1.1.5 Anti-HBc positive donors 
Donors who are anti-HBc positive pose a significant risk (ranging 34–86%) of transmitting 
HBV infection to liver transplant recipients without prophylaxis(Nery, Nery-Avila et al. 
2003). Oral antiviral therapy is effective prophylaxis, with or without HBIG, in recipients of 
these organs and should be continued indefinitely post-transplant, unless HBV DVA 
negativity can be confirmed in the serum and liver tissue of the donor(Nery, Nery-Avila et 
al. 2003). 
Rarely, despite prophlyaxis, late HBV infection with antiviral-resistant HBV has been 
described. The role of HBIG is not defined and should not have any specific benefit because 
the liver is already infected and there is no benefit to binding circulating virus(Gish and 
McCashland 2006). Because patients have developed fulminant HBV in this setting, even 
with the use of LAM, combination therapy or drugs with a high barrier to resistance may be 
the best option. The role of routine HBsAg and/or HBV DNA monitoring in recipients of 
anti-HBc-positive grafts is unclear; however unexplained aminotransferase elevation should 
be investigated with HBsAg and HBV DNA to rule out de novo HBV infection(Levitsky and 
Doucette 2009).  

3.1.2 HBV in other solid organ transplants 
3.1.2.1 Epidemiology & specific risk factors  
With current infection control practices and the institution of widespread vaccination, the 
prevalence of chronic HBV in patients on hemodialysis has declined in developed countries 
and ranges between 0% and 7%(Burdick, Bragg-Gresham et al. 2003). In addition, 
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acquisition of HBV on dialysis is now uncommon. In contrast, the epidemiology of HBV 
among dialysis patients in the less-developed world is not well known. There are scattered 
reports, typically single-center surveys, with rates of chronic HBsAg carriers ranging 
between 2% and 20%(Covic, Iancu et al. 1999; Vladutiu, Cosa et al. 2000; Carrilho, Moraes et 
al. 2004; Yakaryilmaz, Gurbuz et al. 2006). The higher HBV infection rates within dialysis 
units in the developing world can be attributed to several factors, such as the higher 
background prevalence of HBV in the general population, difficulties following infection 
control strategies against HBV such as “standard” precautions, vaccination against HBV, 
and blood screening. Many of these deficiencies are often attributable, at least in part, to a 
lack of financial and other resources(Fabrizi, Lunghi et al. 2002). Iatrogenic transmission of 
HBV has also been reported after transplantation of two stored vessel conduits from 
hepatitis-seropositive donors into seronegative kidney transplant recipients(MMWR 2011). 
The prevalence of chronic HBV in other nonhepatic transplant candidates has not been well 
studied, but likely mirrors the population prevalence(Wedemeyer, Pethig et al. 1998). 
Interestingly, in cardiac allograft recipients, HBV contamination can occur after 
transplantation and is related to nosocomial infection associated with the use of cardiac 
myotomes for myocardial biopsies. On the other hand, nosocomial transmission of HBV via 
blood transfusion is rare given the systematic screening of blood products for HBV, but, 
nevertheless, HBV is still the most frequent blood-borne infection (1/700,000)(Thompson, 
Perz et al. 2009). 
Chronic HBV infection (HBsAg-positive) has been associated with an increased risk of death 
in renal transplant patients and is attributed to both progressive HBV-related disease as well 
as an increased risk of septic events(Correa, Rocha et al. 2003). Increased mortality, if it 
occurs, is usually seen ten years or more following renal transplantation. Contradictory 
results concerning the long-term outcomes of HBV infection in heart transplant recipients 
have been reported. Some authors have described a poor outcome, with cirrhosis occurring 
in more than 55% of patients within the first decade after transplantation, and 17% of 
patients dying of liver failure(Wedemeyer, Pethig et al. 1998). Others have reported little 
impact on short- or long-term survival (Lunel, Cadranel et al. 2000). However, more recent 
studies in renal and cardiac transplantation have demonstrated excellent outcomes in 
HBsAg-positive patients managed with nucleos(t)ide analogue therapy(Ko, Chou et al. 2001; 
Park, Yang et al. 2001; Potthoff, Tillmann et al. 2006; Ahn, Kim et al. 2007). 
In nonhepatic solid organ transplant (SOT) recipients with markers of past HBV infection 
(HBsAg-negative; anti-HBc positive), there is a low risk (<5%) of HBV reactivation(Blanpain, 
Knoop et al. 1998). Although uncommon, when present, reactivation has been associated 
with rapid progression to cirrhosis and death(Knoll, Pietrzyk et al. 2005).  
HBV uninfected, nonimmune, patients undergoing SOT may acquire donor derived HBV. 
The HBsAg-positive donor carries a high risk of transmission to recipients although 
satisfactory outcomes have been described with prophylaxis (see prevention/prophylaxis). 
The risk of HBV transmission from an anti-HBc-positive nonhepatic donor is significantly 
lower (<5%) than that of hepatic donors. Organs from anti-HBc-positive donors can be 
safely used with informed consent and appropriate strategies to prevent transmission 
(Levitsky and Doucette 2009). 
3.1.2.2 Diagnosis 
The diagnosis of HBV in nonhepatic SOT relies on the same serological and nucleic acid 
assays used in the nontransplant population(Lok 2002). Liver biopsy should be incorporated 
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One major question to answer has been to discover if and when patients can be discontinued 
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and blood screening. Many of these deficiencies are often attributable, at least in part, to a 
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in the evaluation of renal transplant candidates with HBsAg because it is difficult, on clinical 
grounds alone, to estimate the severity of liver disease in uremic patients(Fabrizi, Lunghi et 
al. 2002). Administration of desmopressin acetate (DDAVP) at the time of biopsy should be 
considered to lessen the risk of bleeding caused by platelet dysfunction. A decision 
concerning transplant candidacy in HBsAg-positive patients should be based on both liver 
histology and evaluation of HBV replication by serum markers (i.e., HBeAg and HBV 
DNA). The absence of serum markers of replication before transplantation, however, does 
not preclude reactivation of HBV posttransplant and all patients should receive HBV 
prophylaxis (see Prophylaxis/Prevention).  
3.1.2.3 Treatment 
Nonhepatic SOT candidates with chronic HBV should be evaluated to determine the need 
for therapy prior to transplantation. If active replication is present (i.e., positive HBV DNA 
or HBeAg), antiviral therapy should be started to slow the progression of liver disease and 
should be based on published guidelines for the treatment of HBV(Bhattacharya and Thio 
2010; Alberti and Caporaso 2011). If the initial histology shows more advanced fibrotic 
changes, a comprehensive evaluation should attempt to determine the likelihood of 
progression to decompensated cirrhosis. Although conventional wisdom has been that the 
presence of cirrhosis is an absolute contraindication to isolated nonhepatic SOT, an 
argument can be made that with effective antiviral therapy it is possible to abort progression 
of liver disease and presumably prevent hepatic decompensation post-transplant(Fabrizi, 
Lunghi et al. 2002).  
Although antiviral therapy is not generally recommended for acute HBV in 
immunocompetent individuals given the extremely high (>85%) rate of spontaneous 
resolution, treatment of acute HBV may be appropriate in immunosuppressed individuals 
following transplant(Dulai, Higa et al. 1999). For reactivation of HBV, treatment with a 
potent nucleos(t)ide analogue, adjusted for renal function as needed, is preferred to limit the 
potential for future resistance. IFN-based therapy should be avoided as it is generally poorly 
tolerated in those with comorbid medical conditions and associated with a low rate of 
response in immunocomprised hosts. 
As discussed previously, nucleos(t)ide analogues like ETV or TDF are recommended in the 
general population for the treatment of chronic HBV infection. They are more potent and 
have a higher genetic barrier than LAM or ADF. However, while the risk of resistance to 
ETV is low in treatment-naive patients, it may be as high as 51% at five years in LAM-
resistant patients. TDF is more effective than ADF in the non-renal transplant population, is 
effective in LAM-resistant patients and does not lead to resistance after three years of 
treatment(Marcellin, Heathcote et al. 2008; Heathcote, Marcellin et al. 2011). TDF has a much 
lower renal toxicity than ADF and should be preferred in kidney transplant recipients.  

3.1.2.4 Prevention/prophylaxis 
As in liver transplantation, HBV uninfected, nonhepatic SOT candidates who are 
nonimmune should be vaccinated for HBV as early in the course of their disease as 
possible(Levitsky and Doucette 2009). However, vaccine immunogenicity is low in dialyzed 
patients (around 70%) and even lower in renal transplant recipients (30%) as compared to 
90% in the general population(Keating and Noble 2003). Additionally, seroconversion rates 
decrease with declining renal function(DaRoza, Loewen et al. 2003). Factors related to a poor 
vaccine response can be acquired, such as ageing, or genetic, such as gender or the HLA 
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A1B8DR3 “non-responder” haplotype(Davila, Froeling et al. 2010). When the standard 
protocol is ineffective, the use of intensified protocols or intradermal injections can reinforce 
immunogenicity in hemodialyzed patients(Benhamou, Courouce et al. 1984; Nagafuchi, 
Kashiwagi et al. 1991). Finally, booster vaccinations can play an important role in improving 
immunogenicity, even in the absence of response to primary immunization: a booster 
injection in renal transplant recipients, vaccinated while on hemodialysis, has a global 
efficacy of 84%(Jungers, Devillier et al. 1994). There are limited data with regard to the 
efficacy of HBV vaccination in heart and lung transplant candidates; however small series 
suggest seroconversion rates of 45% and 53%, respectively(Hayney, Welter et al. 2003; 
Foster, Murphy et al. 2006). 
The Kidney Disease: Improving Global Outcomes (KDIGO) guidelines recommend that all 
HBsAg-positive kidney transplant candidates and recipients receive prophylaxis with TDF, 
ETV or LAM to prevent reactivation; however, TDF and ETV are preferable to LAM to 
minimize the development of drug resistance(Kasiske, Zeier et al. 2010). Antiviral therapy 
should be continued indefinitely posttransplant.  
In those with markers of past HBV infection (anti-HBc-positive), there is a low risk (<5%) of 
HBV reactivation(Knoll, Pietrzyk et al. 2005). Either antiviral prophylaxis or regular 
serologic monitoring should be employed to limit the risk associated with HBV 
reactivation(Levitsky and Doucette 2009). If nucleos(t)ide analogues are not used, recipients 
should undergo testing for HBsAg, HBV DNA and ALT every 1-3 months with antivirals 
initiated if HBsAg becomes positive or if HBV DNA progressively rises.  
3.1.2.5 Anti-HBc positive donors 
Recipients of an organ from a HBsAg positive donor, regardless of immune status, should 
receive combined prophylaxis with HBIG and a nucleos(t)ide analogue indefinitely(Chung, 
Feng et al. 2001). If the HBsAg and HBV DNA remain negative, consideration may be given 
to discontinuing HBIG 6-12 months posttransplant. In recipients of an organ from an anti-
HBc positive donor, the risk of transmission is essentially eliminated if the recipient is 
immune and no further prophylaxis is needed(Chung, Feng et al. 2001; Levitsky and 
Doucette 2009). In HBV nonimmune recipients of an anti-HBc positive organ, prophylaxis 
with LAM (or other antiviral therapy) should be initiated. An assessment of HBV DNA in 
the donor may be used to further guide prophylaxis. If the donor HBV DNA is positive or 
unknown, prophylaxis should be continued with HBIG for at least 3-6 months or LAM for at 
least 12 months (Chung, Feng et al. 2001; Levitsky and Doucette 2009). If the donor is HBV 
DNA is negative, prophylaxis can be discontinued, but routine monitoring should continue 
with transaminases, HBsAg and HBV DNA every 3 to 6 months(Levitsky and Doucette 
2009).  

3.2 Hepatitis C  
Hepatitis C Virus (HCV) affects more than 4 million people in the United States and more 
than 170 million people globally(Lauer and Walker 2001). The institution of blood-screening 
measures in developed countries has decreased the risk of transfusion-associated hepatitis 
to a negligible level, but new cases continue to occur mainly as a result of injection-drug use 
and, to a lesser degree, through other means of percutaneous or mucous-membrane 
exposure. Progression to chronic liver disease occurs in the majority of HCV-infected 
persons, and infection with the virus is a leading cause of liver transplantation worldwide.  



 
Viral Hepatitis - Selected Issues of Pathogenesis and Diagnostics 

 

102 

in the evaluation of renal transplant candidates with HBsAg because it is difficult, on clinical 
grounds alone, to estimate the severity of liver disease in uremic patients(Fabrizi, Lunghi et 
al. 2002). Administration of desmopressin acetate (DDAVP) at the time of biopsy should be 
considered to lessen the risk of bleeding caused by platelet dysfunction. A decision 
concerning transplant candidacy in HBsAg-positive patients should be based on both liver 
histology and evaluation of HBV replication by serum markers (i.e., HBeAg and HBV 
DNA). The absence of serum markers of replication before transplantation, however, does 
not preclude reactivation of HBV posttransplant and all patients should receive HBV 
prophylaxis (see Prophylaxis/Prevention).  
3.1.2.3 Treatment 
Nonhepatic SOT candidates with chronic HBV should be evaluated to determine the need 
for therapy prior to transplantation. If active replication is present (i.e., positive HBV DNA 
or HBeAg), antiviral therapy should be started to slow the progression of liver disease and 
should be based on published guidelines for the treatment of HBV(Bhattacharya and Thio 
2010; Alberti and Caporaso 2011). If the initial histology shows more advanced fibrotic 
changes, a comprehensive evaluation should attempt to determine the likelihood of 
progression to decompensated cirrhosis. Although conventional wisdom has been that the 
presence of cirrhosis is an absolute contraindication to isolated nonhepatic SOT, an 
argument can be made that with effective antiviral therapy it is possible to abort progression 
of liver disease and presumably prevent hepatic decompensation post-transplant(Fabrizi, 
Lunghi et al. 2002).  
Although antiviral therapy is not generally recommended for acute HBV in 
immunocompetent individuals given the extremely high (>85%) rate of spontaneous 
resolution, treatment of acute HBV may be appropriate in immunosuppressed individuals 
following transplant(Dulai, Higa et al. 1999). For reactivation of HBV, treatment with a 
potent nucleos(t)ide analogue, adjusted for renal function as needed, is preferred to limit the 
potential for future resistance. IFN-based therapy should be avoided as it is generally poorly 
tolerated in those with comorbid medical conditions and associated with a low rate of 
response in immunocomprised hosts. 
As discussed previously, nucleos(t)ide analogues like ETV or TDF are recommended in the 
general population for the treatment of chronic HBV infection. They are more potent and 
have a higher genetic barrier than LAM or ADF. However, while the risk of resistance to 
ETV is low in treatment-naive patients, it may be as high as 51% at five years in LAM-
resistant patients. TDF is more effective than ADF in the non-renal transplant population, is 
effective in LAM-resistant patients and does not lead to resistance after three years of 
treatment(Marcellin, Heathcote et al. 2008; Heathcote, Marcellin et al. 2011). TDF has a much 
lower renal toxicity than ADF and should be preferred in kidney transplant recipients.  

3.1.2.4 Prevention/prophylaxis 
As in liver transplantation, HBV uninfected, nonhepatic SOT candidates who are 
nonimmune should be vaccinated for HBV as early in the course of their disease as 
possible(Levitsky and Doucette 2009). However, vaccine immunogenicity is low in dialyzed 
patients (around 70%) and even lower in renal transplant recipients (30%) as compared to 
90% in the general population(Keating and Noble 2003). Additionally, seroconversion rates 
decrease with declining renal function(DaRoza, Loewen et al. 2003). Factors related to a poor 
vaccine response can be acquired, such as ageing, or genetic, such as gender or the HLA 

 
Viral Hepatitis in Solid Organ Transplant Recipients 

 

103 

A1B8DR3 “non-responder” haplotype(Davila, Froeling et al. 2010). When the standard 
protocol is ineffective, the use of intensified protocols or intradermal injections can reinforce 
immunogenicity in hemodialyzed patients(Benhamou, Courouce et al. 1984; Nagafuchi, 
Kashiwagi et al. 1991). Finally, booster vaccinations can play an important role in improving 
immunogenicity, even in the absence of response to primary immunization: a booster 
injection in renal transplant recipients, vaccinated while on hemodialysis, has a global 
efficacy of 84%(Jungers, Devillier et al. 1994). There are limited data with regard to the 
efficacy of HBV vaccination in heart and lung transplant candidates; however small series 
suggest seroconversion rates of 45% and 53%, respectively(Hayney, Welter et al. 2003; 
Foster, Murphy et al. 2006). 
The Kidney Disease: Improving Global Outcomes (KDIGO) guidelines recommend that all 
HBsAg-positive kidney transplant candidates and recipients receive prophylaxis with TDF, 
ETV or LAM to prevent reactivation; however, TDF and ETV are preferable to LAM to 
minimize the development of drug resistance(Kasiske, Zeier et al. 2010). Antiviral therapy 
should be continued indefinitely posttransplant.  
In those with markers of past HBV infection (anti-HBc-positive), there is a low risk (<5%) of 
HBV reactivation(Knoll, Pietrzyk et al. 2005). Either antiviral prophylaxis or regular 
serologic monitoring should be employed to limit the risk associated with HBV 
reactivation(Levitsky and Doucette 2009). If nucleos(t)ide analogues are not used, recipients 
should undergo testing for HBsAg, HBV DNA and ALT every 1-3 months with antivirals 
initiated if HBsAg becomes positive or if HBV DNA progressively rises.  
3.1.2.5 Anti-HBc positive donors 
Recipients of an organ from a HBsAg positive donor, regardless of immune status, should 
receive combined prophylaxis with HBIG and a nucleos(t)ide analogue indefinitely(Chung, 
Feng et al. 2001). If the HBsAg and HBV DNA remain negative, consideration may be given 
to discontinuing HBIG 6-12 months posttransplant. In recipients of an organ from an anti-
HBc positive donor, the risk of transmission is essentially eliminated if the recipient is 
immune and no further prophylaxis is needed(Chung, Feng et al. 2001; Levitsky and 
Doucette 2009). In HBV nonimmune recipients of an anti-HBc positive organ, prophylaxis 
with LAM (or other antiviral therapy) should be initiated. An assessment of HBV DNA in 
the donor may be used to further guide prophylaxis. If the donor HBV DNA is positive or 
unknown, prophylaxis should be continued with HBIG for at least 3-6 months or LAM for at 
least 12 months (Chung, Feng et al. 2001; Levitsky and Doucette 2009). If the donor is HBV 
DNA is negative, prophylaxis can be discontinued, but routine monitoring should continue 
with transaminases, HBsAg and HBV DNA every 3 to 6 months(Levitsky and Doucette 
2009).  

3.2 Hepatitis C  
Hepatitis C Virus (HCV) affects more than 4 million people in the United States and more 
than 170 million people globally(Lauer and Walker 2001). The institution of blood-screening 
measures in developed countries has decreased the risk of transfusion-associated hepatitis 
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HCV is an RNA virus that belongs to the flaviviridae family, hepciviridae genius; the most 
closely related flaviviruses viruses are hepatitis G virus, yellow fever virus, and dengue 
virus(Robertson, Myers et al. 1998). The natural targets of HCV are hepatocytes and, 
possibly, B lymphocytes(Zignego, De Carli et al. 1995; Okuda, Hino et al. 1999). Viral 
replication is extremely robust, and it is estimated that more than 10 trillion virion particles 
are produced per day, even in the chronic phase of infection(Neumann, Lam et al. 1998). 
Replication occurs through an RNA-dependent RNA polymerase that lacks a 
“proofreading” function, which results in the rapid evolution of diverse but related virions 
within an infected person and presents a major challenge with respect to immune-mediated 
control of HCV(Lauer and Walker 2001). 
Six distinct but related HCV genotypes and multiple subtypes have been identified on the 
basis of molecular relatedness. In the United States and Western Europe genotypes 1a and 
1b are most common, followed by genotypes 2 and 3. The other genotypes are virtually 
never found in these countries but are common in other areas, such as Egypt in the case of 
genotype 4, South Africa in the case of genotype 5, and Southeast Asia in the case of 
genotype 6. Knowledge of the genotype is important because it has predictive value in terms 
of the response to antiviral therapy, with better responses associated with genotypes 2 and 3 
than with genotype 1 and 4(Poynard 2004). 

3.2.1 HCV in the Liver Transplant recipient 
3.2.1.1 Epidemiology & specific risk factors  
End-stage liver disease due to HCV is the most common indication for LT in the United 
States and Europe(Adam, McMaster et al. 2003). HCV recurrence post-LT is essentially 
universal. The time course of HCV reinfection is faster than among immunocompetent 
individuals: histologically proven hepatitis C–related cirrhosis can be documented within a 
mean of 5 years after transplantation. For this reason, recipients with HCV-related liver 
disease show worse posttransplantation outcomes and greater mortality rates compared 
with HCV-negative recipients(Forman, Lewis et al. 2002). Fibrosing cholestatic hepatitis, 
similar to that seen in the early days of HBV transplantation, fortunately only occurs in a 
small percentage of patients. Once recurrent HCV cirrhosis occurs, 40% decompensate 
within 1 year, resulting in a 1- and 4-year patient survival of only 66% and 33%, 
respectively(Brown 2005). Retransplantation for HCV-induced graft failure is associated 
with particularly poor outcomes and might not be considered in higher risk recipients with 
advanced age, renal insufficiency, high MELD, deconditioned status and aggressive early 
(<1 year) HCV recurrence(Neff, O'Brien et al. 2004). 
Risk factors for accelerated HCV recurrence are shown in Table 1. The strongest predictors 
of recurrence are immunosuppressive therapy for acute rejection, CMV infection, 
preservation injury and older recipient and donor age. Pulsed intravenous 
methylprednisolone treatment for acute cellular rejection is associated with transient 1–2 log 
increases in HCV RNA levels(Gane 2008). In addition to being proviral, treatment of acute 
cellular rejection with corticosteroids is associated with increased mortality and graft loss in 
LT recipients with HCV infection (relative risk = 2.7–2.9, p = 0.04)(Charlton, Ruppert et al. 
2004). In general, induction therapy with either lymphocyte depleting or nondepleting (IL-2 
inhibitors) antibodies does not appear to increase the risk of recurrence. However, the use of 
lymphocyte depleting antibodies for treatment of steroid-refractory rejection profoundly 
increases the risk of an aggressive HCV recurrence and FCH. HIV coinfection has recently 
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emerged as an important predictor of poor survival among liver transplant recipients with 
HCV infection. One-year patient mortality attributable to HCV in coinfected recipients 
ranges between 27% and 54%. Factors associated with increased risk of post-LT mortality 
among HCV–HIV coinfected recipients include African-American recipient ethnicity, pre-LT 
MELD score of >20, intolerance of HAART therapy and higher pre-LT HCV level of 
viremia(de Vera, Dvorchik et al. 2006). Reduced response rates to treatment of HCV with 
IFN and ribavirin further attenuate post-LT outcomes in HIV–HCV coinfected liver 
transplant recipients. 
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More controversial and less clearly defined risks for recurrence include pre-LT viral load, 
HCV genotype (1b), donor/recipient HLA differences and the use of donors after cardiac 
death. The effects of different maintenance immunosuppressive agents and steroid tapering 
regimens are also quite controversisal. Although steroid sparing regimens appear to be safe, 
a large (n = 312) randomized controlled study, that included a steroid free arm of 
immunosuppression, has, to date, found no difference in the rate of recurrence of HCV nor 
in patient or graft survival between steroid free and steroid utilizing arms (Klintmalm, 
Washburn et al. 2007). Currently, there is no compelling basis for avoiding corticosteroids in 
the early postoperative period. Recent data also support a slow tapering schedule of steroids 
in HCV+ recipients to avoid precipitating a more aggressive early recurrence seen with 
rapid steroid withdrawal(Berenguer, Aguilera et al. 2006). The effect of calcineurin 
inhibitors on HCV recurrence post-LT has also been a topic of debate. In a prospective 
randomized controlled study of 495 recipients with HCV infection, no difference was seen in 
the histological recurrence rate of hepatitis C at 12 months post-LT between patients 
receiving cyclosporine versus tacrolimus (Levy, Grazi et al. 2006). However, a meta-analysis 
of studies comparing the two calcineurin inhibitors found a patient and graft survival 
benefit associated with tacrolimus as maintenance immunosuppression (graft loss: hazards 
ratio (HR) = 0.73, 95% CI = 0.61–0.86) (McAlister, Haddad et al. 2006). Interestingly, 
cyclosporine has well-recognized in vitro anti-HCV effects and may also have antiviral in 
vivo effects (Martin, Busuttil et al. 2004). In one small uncontrolled study of 8 liver transplant 
recipients with recurrence of HCV, conversion from tacrolimus to cyclosporine while 
receiving treatment with Peg-IFNα and ribavirin resulted in 5 patients becoming HCV RNA 
negative (Sugawara, Kaneko et al. 2006). This finding needs to be confirmed in a controlled 
fashion and currently data do not support a significant difference in recurrence rates with 
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HCV is an RNA virus that belongs to the flaviviridae family, hepciviridae genius; the most 
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the use of cyclosporine versus tacrolimus. Other adjunctive agents, such as mycophenolate 
mofetil, rapamycin and azathioprine, have not been shown to definitively impact the risk of 
recurrence (Zekry, Gleeson et al. 2004; Bahra, Neumann et al. 2005; Wiesner, Shorr et al. 
2005). 
Finally, the effect of living donor liver transplant (LDLT) and HCV+ donors on recurrence 
has recently been elucidated. While early reports suggested a higher rate of recurrence 
following LDLT, subsequent data have dispelled these concerns(Garcia-Retortillo, Forns et 
al. 2004; Terrault, Shiffman et al. 2007). The use of HCV+ donors (without fibrosis) for 
HCV+ recipients also does not appear to impact recurrence rates (Arenas, Vargas et al. 2003; 
Peek and Reddy 2007). The use of genotype 1 HCV+ donors into nongenotype 1 recipients 
is, however, not recommended.  
3.2.1.2 Diagnosis 
HCV infection of the allograft occurs at the time of transplantation, with negative-strand 
HCV RNA detectable in the first postoperative week. There are three phases in the 
physiology of a transplant (resection or ‘pre-anhepatic’ phase, anhepatic phase and post-
reperfusion phase). HCV RNA is cleared rapidly from serum during the anhepatic phase. 
Following reperfusion, the rate of decrease in HCV RNA accelerates, almost certainly 
reflecting HCV binding to its obligatory hepatic receptors(Watt, Veldt et al. 2009). HCV 
RNA levels typically increase rapidly from week 2 post-LT, peaking by the fourth 
postoperative month. At the end of the first postoperative year, HCV RNA levels are, on an 
average, 10–20-fold greater than pre-LT levels. Histological features of hepatitis develop in 
approximately 75% of recipients in the first 6 months following LT(Neumann, Berg et al. 
2004). By the fifth postoperative year up to 30% have progressed to cirrhosis(Neumann, 
Berg et al. 2004). A small proportion of patients (4–7%), develop an accelerated course of 
liver injury (cholestatic hepatitis C, associated with very high levels of viremia) with 
subsequent rapid allograft failure. Early post-LT histology, for example at 1 year, has been 
consistently predictive of subsequent fibrosis progression.  
Liver function test abnormalities are common in HCV+ recipients and do not reliably 
differentiate HCV recurrence from other etiologies (i.e. rejection). The “gold standard” for 
diagnosis of HCV recurrence is liver biopsy, which still may not be accurate in 
differentiating other causes of early graft dysfunction from HCV recurrence and may also 
inaccurately stage the degree of fibrosis (Skripenova, Trainer et al. 2007). While supportive 
evidence is not available, most centers perform protocol liver biopsies every 1-2 years post-
LT to monitor for evidence of histological recurrence. Therapy is usually reserved for 
patients who develop biopsy-proven recurrence (grade 3 or stage 1-2 by METAVIR) 
(Wiesner, Sorrell et al. 2003).  
The hepatic venous pressure gradient (HVPG), noninvasive blood tests or imaging are 
additional available supportive tests for evaluation of the development of fibrosis, which is 
a marker of disease severity, following liver transplant. While a direct correlation between 
HVPG measurements and fibrosis may not be present in LT recipients, an elevated HVPG 
by itself has been shown to predict progression to more advance disease and the 
development of portal hypertension, and declines with successful anti-HCV therapy(Blasco, 
Forns et al. 2006; Forns and Costa 2006). Liver stiffness measurement with transient 
elastography offers a higher sensitivity and positive predictive value for advanced fibrosis 
in HCV+ recipients in comparison to other clinical markers(Carrion, Navasa et al. 2006; 
Benlloch, Heredia et al. 2009). In addition, serum markers of fibrosis, such as hyaluronic 
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acid, have been shown to have reasonable predictive value(Carrion, Fernandez-Varo et al. 
2010). Overall, none of these tests appear to individually provide an accurate assessment of 
disease progression, supporting the need for further investigation into combined modalities 
or surrogate markers.  
3.2.1.3 Treatment 
Pretransplant:  Patients with higher pre-LT HCV RNA titers experience greater mortality and 
graft loss rates than recipients with lower pre-LT HCV RNA titers(Charlton 2007). Pre-LT 
therapy in patients with advanced liver disease is limited by reduced patient tolerability and 
efficacy(Crippin, McCashland et al. 2002). While IFN based therapy is generally safe in 
compensated cirrhotic patients, it is poorly tolerated and often risky in decompensated 
patients with advanced liver disease (MELD>20, Child Turcotte Pugh (CTP) class C). Given 
the high frequency of serious adverse events (33%), among patients with more severe liver 
disease (CTP class B or C), the International Liver Transplant Society (ILTS) consensus panel 
concluded that treatment should be limited to cirrhotic patients with CTP score ≤ 7 or MELD 
score < 18, and is contraindicated when the CTP score is >11 or MELD score is >25. 
In 2010, the phase III results of the first generation HCV nonstructural protein 3/4A 
protease inhibitors (PIs: boceprevir, telaprevir) were presented(Jacobson, McHutchison et al. 
2010; Poordad, McCone et al. 2011). After a decade in which Peg-IFNα–ribavirin therapy 
was the only available option, triple therapy with HCV PIs in combination with Peg-IFNα–
ribavirin is becoming the new standard of care. However, since IFN is still used, this therapy 
also cannot be given in decompensated cirrhosis.  
Posttransplant: Two approaches to post-LT HCV recurrence have been identified: early, pre-
emptive, treatment, to be started within weeks after liver transplantation (see 
prevention/prophylaxis below); and treatment of established recurrent HCV infection. The 
treatment of histologically proven HCV reinfection with pegylated (PEG)-IFN and ribavirin 
is, at present, the standard of care at most LT centers.  
Treatment of histological recurrence is only successful in 20-30% of recipients and is 
associated with high rates (30-50%) of discontinuation due to intolerability(Beckebaum, 
Cicinnati et al. 2004; Kornberg, Kupper et al. 2007). A major limiting factor in achieving an 
acceptable SVR rate is the inability to reach target ribavirin doses due to the high 
prevalence of renal insufficiency in HCV+ LT recipients(Chalasani, Manzarbeitia et al. 
2005). Although earlier studies reported high rates (21-35%) of IFN-induced allograft 
rejection, a recent randomized study of early post-LT prophylaxis and therapy did not 
demonstrate an increase in the risk of acute rejection(Chalasani, Manzarbeitia et al. 2005). 
Finally, although triple therapy (addition of a PI to Peg-IFNα–ribavirin) is becoming the 
new standard of care for pretransplant HCV, this treatment regimen is not approved in 
solid organ transplant recipients and has significant potential for drug interaction with 
immunosuppressive therapy. Recently, genetic variation in the region of the IL28B gene 
on chromosome 19, coding for IFN-λ3, has been demonstrated to be strongly associated 
with SVR in patients with genotype 1 chronic HCV infection who are treated with pegIFN 
plus RBV in the nontransplant setting(Ge, Fellay et al. 2009). Charlton et al. recently also 
confirmed this finding in a transplant population(Charlton, Thompson et al. 2011). Donor 
and recipient IL28B genotype were independently associated with SVR and IL28B 
recipient genotype was predictive of fibrosis stage, with TT genotype being associated 
with more rapid fibrosis.  
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3.2.1.4 Prevention/prophylaxis 
On a theoretical basis, an early antiviral approach should warrant better results. However, it 
is currently not recommended for at least 3 reasons: (1) in the immediate postoperative 
period, the exposure of human leukocyte antigen (HLA) of the major histocompatibility 
complex (MHC) is maximized, thus increasing the risk of acute rejection episodes in cases of 
use of immunomodulatory agents; (2) the recipient is usually still recovering from a major 
surgical procedure; and (3) this policy would cause unnecessary therapy for a significant 
number of recipients (maybe up to 50%) who will never develop overt liver 
disease(Castedal, Felldin et al. 2005). PHOENIX was a large, randomized study designed to 
compare the efficacy, tolerability, and safety of prophylactic initiation (before significant 
histological recurrence) of Peg-IFN2 plus ribavirin within 26 weeks after LT versus 
initiation only upon HCV recurrence. SVR was achieved in 22% of treated patients, however 
on an intent-to-treat basis, significant HCV recurrence at 120 weeks was similar in the 
prophylaxis (61.8%) and observation arms (65.0%, P = 0.725). The most common adverse 
event was anemia leading to dose reduction in 70% of the patients. The authors concluded 
that because of the safety profile of Peg-IFN2/ribavirin and the lack of a clear benefit in 
terms of HCV recurrence and patient or graft survival, routine use of prophylactic antiviral 
therapy is not warranted(Bzowej, Nelson et al. 2011). Similar findings have been 
demonstrated in smaller, randomized controlled trials(Chalasani, Manzarbeitia et al. 2005). 
Finally, Hepatitis C immunoglobulin (Civacir®, Nabi Biopharmaceuticals, Rockville, MD) 
has been shown to lower HCV RNA but does not eliminate HCV viremia or the risk of 
recurrence(Davis, Nelson et al. 2005). There is currently no vaccine available for primary 
HCV prevention.  

3.2.2 HCV in other solid organ transplants 
3.2.2.1 Epidemiology & specific risk factors  
The prevalence of HCV infection in candidates for nonhepatic SOT varies by organ group. 
HCV infection is more frequent in renal transplant recipients and dialysis patients than in 
the general population and has a significant impact on the survival of these patients(Aroldi, 
Lampertico et al. 2005). The annual incidence of HCV infection in hemodialysis ranges from 
0% to 2.4% with a prevalence ranging between 10% and 65% according to the geographical 
zone(Elamin and Abu-Aisha 2011). HCV transmission is predominantly related to failure to 
comply with universal hygiene rules; compliance with universal hygiene rules has 
eliminated nosocomial transmission of HCV, and transmission by dialysis equipment per se 
is today anecdotal(Fissell, Bragg-Gresham et al. 2004; Jadoul, Poignet et al. 2004). Isolation of 
HCV-infected patients or the use of dedicated dialysis machines are not 
recommended(KDIGO 2008). In heart transplant patients, the prevalence of HCV – mainly 
transmitted by transfusion or heart donation – is about 11–16% and appears to approximate 
the population prevalence (Lunel, Cadranel et al. 2000). 
The impact of HCV on transplant outcomes has been studied most extensively in renal 
transplant recipients. In this group, the rate of HCV-related fibrosis progression has been 
shown to be accelerated when compared to immunocompetent individuals (Zylberberg, 
Nalpas et al. 2002). HCV infection decreases both patient and graft survival post renal 
transplant, with the greatest impact occurring 5 or more years following transplant 
(Mathurin, Mouquet et al. 1999). The 10-year survival is approximately 15% lower in HCV+ 
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compared to HCV- renal transplant recipients. Overall, however, survival is improved 
compared to those patients who remain on dialysis and poor outcomes primarily occur in 
those with advanced fibrosis/cirrhosis at transplant. Renal transplant candidates and 
recipients with mild to moderate (METAVIR stage F2 or less) liver disease at baseline have a 
low risk of progression of liver disease(Kamar, Boulestin et al. 2005). HCV+ recipients of a 
renal allograft also have an increased risk of posttransplant diabetes, graft dysfunction and 
proteinuria(Meyers, Seeff et al. 2003).  
There are no long-term studies regarding the impact of HCV on outcomes of thoracic organ, 
small bowel or pancreas recipients. However, current studies in these populations suggest 
that patient and graft survival is not affected by HCV status(Lunel, Cadranel et al. 2000; 
Cano, Almenar et al. 2007; Sahi, Zein et al. 2007). Based on the renal transplant literature, 
there is likely an increased risk of HCV-related death beyond 5 years posttransplant in other 
nonhepatic SOT; however, further studies are needed to clarify the risk. On the other hand, 
posttransplant renal disease is common among HCV-positive recipients of any organ.  
3.2.2.2 Diagnosis 
The diagnosis of HCV infection relies on the same serologic and nucleic acid testing 
investigations used in the nontransplant population. Initial screening for antibody to HCV 
should be done at the time of initial transplant assessment using a third-generation enzyme 
immunoassay (EIA). However, in transplant candidates or recipients with negative HCV 
serology and persistent unexplained liver enzyme abnormalities, qualitative HCV RNA 
testing to rule out false negative testing should be considered. In those with positive HCV 
serology, qualitative HCV RNA and genotype tests should be used to confirm current 
infection (see Treatment). Abdominal ultrasound is used for identification of complications 
of HCV-related disease such as ascites, portal hypertension and hepatocellular carcinoma 
(HCC).  
In chronic HCV infection, the liver biopsy remains the “gold standard” for assessing the 
degree of hepatic inflammation and fibrosis as well as the prognosis of the disease. 
Specifically, transjugular liver biopsy with hepatic venous pressure gradient (HVPG) 
measurement is recommended over percutaneous liver biopsy. Recent studies suggest that 
the proportion of the liver biopsy specimen occupied by collagen (a marker of liver fibrosis) 
is correlated with the HVPG in liver transplant recipients with HCV infection, with or 
without cirrhosis, and represents a predictor of clinical decompensation(Blasco, Forns et al. 
2006). Biopsy is recommended in the assessment of nonhepatic SOT candidates with chronic 
HCV to guide antiviral treatment decisions, identify those who may be considered for 
combined (with liver) transplant and those who are ineligible for nonhepatic SOT due to 
advanced liver disease(Doucette, Weinkauf et al. 2007).  

3.2.2.3 Treatment 
Pretransplant:  Eradication of HCV before transplantation has several theoretical benefits. 
HCV is associated with worse patient and graft survival as well as an increased risk for 
post-transplant diabetes mellitus and de novo glomerulopathy. Eradication of HCV before 
transplant might mitigate some of these adverse outcomes(Cruzado, Casanovas-Taltavull et 
al. 2003; Casanovas-Taltavull, Baliellas et al. 2007). Furthermore, IFN therapy after 
transplantation is associated with reduced treatment response rates, a greater incidence of 
organ rejection, and impairment of renal function(Rostaing, Izopet et al. 1995). Thus, it is 
best if treatment can be undertaken before embarking on the solid organ transplant. 
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(Mathurin, Mouquet et al. 1999). The 10-year survival is approximately 15% lower in HCV+ 
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compared to HCV- renal transplant recipients. Overall, however, survival is improved 
compared to those patients who remain on dialysis and poor outcomes primarily occur in 
those with advanced fibrosis/cirrhosis at transplant. Renal transplant candidates and 
recipients with mild to moderate (METAVIR stage F2 or less) liver disease at baseline have a 
low risk of progression of liver disease(Kamar, Boulestin et al. 2005). HCV+ recipients of a 
renal allograft also have an increased risk of posttransplant diabetes, graft dysfunction and 
proteinuria(Meyers, Seeff et al. 2003).  
There are no long-term studies regarding the impact of HCV on outcomes of thoracic organ, 
small bowel or pancreas recipients. However, current studies in these populations suggest 
that patient and graft survival is not affected by HCV status(Lunel, Cadranel et al. 2000; 
Cano, Almenar et al. 2007; Sahi, Zein et al. 2007). Based on the renal transplant literature, 
there is likely an increased risk of HCV-related death beyond 5 years posttransplant in other 
nonhepatic SOT; however, further studies are needed to clarify the risk. On the other hand, 
posttransplant renal disease is common among HCV-positive recipients of any organ.  
3.2.2.2 Diagnosis 
The diagnosis of HCV infection relies on the same serologic and nucleic acid testing 
investigations used in the nontransplant population. Initial screening for antibody to HCV 
should be done at the time of initial transplant assessment using a third-generation enzyme 
immunoassay (EIA). However, in transplant candidates or recipients with negative HCV 
serology and persistent unexplained liver enzyme abnormalities, qualitative HCV RNA 
testing to rule out false negative testing should be considered. In those with positive HCV 
serology, qualitative HCV RNA and genotype tests should be used to confirm current 
infection (see Treatment). Abdominal ultrasound is used for identification of complications 
of HCV-related disease such as ascites, portal hypertension and hepatocellular carcinoma 
(HCC).  
In chronic HCV infection, the liver biopsy remains the “gold standard” for assessing the 
degree of hepatic inflammation and fibrosis as well as the prognosis of the disease. 
Specifically, transjugular liver biopsy with hepatic venous pressure gradient (HVPG) 
measurement is recommended over percutaneous liver biopsy. Recent studies suggest that 
the proportion of the liver biopsy specimen occupied by collagen (a marker of liver fibrosis) 
is correlated with the HVPG in liver transplant recipients with HCV infection, with or 
without cirrhosis, and represents a predictor of clinical decompensation(Blasco, Forns et al. 
2006). Biopsy is recommended in the assessment of nonhepatic SOT candidates with chronic 
HCV to guide antiviral treatment decisions, identify those who may be considered for 
combined (with liver) transplant and those who are ineligible for nonhepatic SOT due to 
advanced liver disease(Doucette, Weinkauf et al. 2007).  

3.2.2.3 Treatment 
Pretransplant:  Eradication of HCV before transplantation has several theoretical benefits. 
HCV is associated with worse patient and graft survival as well as an increased risk for 
post-transplant diabetes mellitus and de novo glomerulopathy. Eradication of HCV before 
transplant might mitigate some of these adverse outcomes(Cruzado, Casanovas-Taltavull et 
al. 2003; Casanovas-Taltavull, Baliellas et al. 2007). Furthermore, IFN therapy after 
transplantation is associated with reduced treatment response rates, a greater incidence of 
organ rejection, and impairment of renal function(Rostaing, Izopet et al. 1995). Thus, it is 
best if treatment can be undertaken before embarking on the solid organ transplant. 
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Results of treatment of HCV in patients who are on dialysis varies, with reasonable SVR 
rates ranging from 16% to 68% with PEG or standard IFN(Fabrizi, Bunnapradist et al. 2005). 
Patients with bridging fibrosis or compensated cirrhosis should undergo IFN-based therapy 
and may be listed for transplant if an SVR is achieved. Those with decompensated cirrhosis 
are generally not considered candidates for isolated renal transplant but may be considered 
for simultaneous liver-kidney (SLK) transplant. For HCV-infected patients on maintenance 
hemodialysis, the KDIGO guidelines suggest monotherapy with standard interferon that is 
dose-adjusted for a GFR of <15 ml/min per 1.73 m2(KDIGO2008). Importantly, ribavirin 
remains contraindicated in patients with a GFR < 50 mL/min, despite small studies that 
have suggested that with close monitoring and dose reduction it may be safe for use(Mousa, 
Abdalla et al. 2004; van Leusen, Adang et al. 2008).  
In heart transplant candidates, HCV therapy is contraindicated due to the adverse effect 
profile (i.e. worsening anemia, risk of heart failure, myocardial infarction, arrhythmia). 
Although there are no published data on the outcome of lung transplant in HCV-positive 
recipients, one small series has shown that selected lung transplant candidates can safely 
and effectively be treated for HCV prior to transplant(Doucette, Weinkauf et al. 2007). 
Posttransplant:  Generally, posttransplantation IFN therapy is contraindicated in recipients of 
SOT, other than liver allografts due to a high risk of precipitation of organ rejection from 
IFN therapy(Shu, Lan et al. 2004; Kamar, Ribes et al. 2006). There is well-documented 
evidence to support the theory that the liver allograft provides some level of immunologic 
protection to the kidney allograft(Calne, Davis et al. 1971; Rasmussen, Davies et al. 1995). As 
such, recent reports have demonstrated successful HCV treatment with Peg-IFN and 
ribavirin in SLK recipients without development of renal rejection on therapy, although data 
are limited to small numbers of patients(Montalbano, Pasulo et al. 2007; Mukherjee and 
Ariyarantha 2007; Van Wagner, Baker et al. 2009).  
Due to the risk of precipitating rejection, IFN-based therapy should therefore be avoided in 
life-sustaining (e.g. heart, lung) transplants. However, successful therapy has been reported 
postrenal transplant and may be considered on a case-by-case basis in those with severe 
disease following careful review of the potential risks and benefits. 

3.2.2.4 Prevention/prophylaxis 
The prevalence of HCV infection has decreased significantly since the introduction of 
various preventive measures: systematic screening of blood and organ donations, use of 
erythropoietin and compliance with universal hygiene rules. No HCV vaccine is available at 
the present time. 
As discussed previously, serologic screening of all SOT candidates should be performed 
prior to transplant. In those candidates who are positive for HCV, a liver biopsy should be 
performed to assess underlying disease activity and the stage of HCV-related liver disease, 
which is not predicted well by biochemical tests. This information can help to guide 
expected response rates as well as the aggressiveness of therapy. IFN therapy is associated 
with reasonable response rates in patients who are on dialysis, with frequent maintenance of 
response after renal transplantation. Given the lower patient and graft survival rates after 
renal transplantation in patients who are HCV positive compared with patients who are 
HCV negative, IFN should be considered for candidates for renal transplantation who have 
HCV and active viral replication. Those with decompensated cirrhosis should be considered 
for SLK transplant.  
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There is little available data regarding the management of heart and lung transplant 
candidates with chronic HCV, therefore the principles and data from the renal transplant 
population should be used to guide management. As mentioned previously, HCV therapy is 
contraindicated in heart transplant candidates due to the adverse side effect profile. Those 
with mild-to-moderate disease (METAVIR stage F0-F2) may be listed for transplant, while 
those with advanced HCV-related fibrosis or cirrhosis are generally not considered ideal 
candidates for cardiac transplantation(Steinman, Becker et al. 2001). In lung transplant, HCV 
positivity is generally considered a contraindication to transplant, however one small series 
has shown that selected lung transplant candidates can safely and effectively be treated for 
HCV prior to transplantation(Orens, Estenne et al. 2006). 

3.3 Hepatitis D 
Hepatitis delta virus (HDV) is a small, defective RNA virus that can only replicate in an 
individual who has coexistent HBV, either after simultaneous transmission of the two 
viruses (co-infection), or via superinfection of an established HBV carrier(Pascarella and 
Negro 2011). The distribution pattern of this virus, investigated by seroprevalence studies of 
anti-HDV in HBsAg-positive patients, is worldwide but not uniform(Rizzetto, Ponzetto et 
al. 1991). For example, 90% of HBV carriers are infected with both viruses in the Pacific 
Islands, whereas the rates decline to 8% in Italy and 5% in Japan. Current estimates suggest 
that 15–20 million people are infected with HDV(Farci 2003).  
Like HBV, HDV is transmitted via the parenteral route through exposure to infected blood 
or body fluids, and tests in chimpanzees have shown that only a very small inoculum is 
sufficient to transmit infection(Ponzetto, Hoyer et al. 1987). Thus, transmission rates remain 
high in intravenous drug users and those with high risk sexual activities. Perinatal 
transmission of HDV is uncommon. Because of screening of blood products, new infections 
in hemophiliacs, blood transfusion recipients, and patients receiving hemodialysis are no 
longer seen in developed countries. 
The development of anti-HDV antibodies is universal in individuals with HDV; therefore, 
every patient who is HBsAg positive should be tested for anti-HDV IgG antibodies, which 
persist even after the patient has cleared HDV infection. Although active HDV infection was 
diagnosed historically by the presence of anti-HDV IgM antibodies, it is now confirmed by 
the detection of serum HDV RNA with a commercially available sensitive real-time PCR 
assay(Mederacke, Bremer et al. 2010). 
A third minor pattern of infection, the so-called helper-independent latent infection, has 
been reported in the liver transplant setting and is discussed briefly below(Ottobrelli, 
Marzano et al. 1991). Patients who undergo LT with HDV infection are interesting from the 
perspective that they often have low or very low serum levels of HBV (low replication) and 
have an overall high survival rate (>80%) after LT as a result of the “antiviral” effect of HDV 
on HBV replication(Samuel, Zignego et al. 1995). Suppression of HBV replication by HDV 
has historically led to better posttransplantation survival in coinfected patients(Lerut, 
Donataccio et al. 1999). As discussed previously, HBV infection of the grafted liver is usually 
prevented by administration of hepatitis B immunoglobulins and thus, hepatocytes may 
thus be infected with HDV alone. HDAg can be detected in the liver by 
immunohistochemistry before HBV recurrence, as the helper virus is only necessary for 
particle formation and not for viral replication(Kuo, Chao et al. 1989). HDV viremia (as 
determined by molecular hybridization) is only observed several months later, when 
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Results of treatment of HCV in patients who are on dialysis varies, with reasonable SVR 
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remains contraindicated in patients with a GFR < 50 mL/min, despite small studies that 
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In heart transplant candidates, HCV therapy is contraindicated due to the adverse effect 
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Although there are no published data on the outcome of lung transplant in HCV-positive 
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SOT, other than liver allografts due to a high risk of precipitation of organ rejection from 
IFN therapy(Shu, Lan et al. 2004; Kamar, Ribes et al. 2006). There is well-documented 
evidence to support the theory that the liver allograft provides some level of immunologic 
protection to the kidney allograft(Calne, Davis et al. 1971; Rasmussen, Davies et al. 1995). As 
such, recent reports have demonstrated successful HCV treatment with Peg-IFN and 
ribavirin in SLK recipients without development of renal rejection on therapy, although data 
are limited to small numbers of patients(Montalbano, Pasulo et al. 2007; Mukherjee and 
Ariyarantha 2007; Van Wagner, Baker et al. 2009).  
Due to the risk of precipitating rejection, IFN-based therapy should therefore be avoided in 
life-sustaining (e.g. heart, lung) transplants. However, successful therapy has been reported 
postrenal transplant and may be considered on a case-by-case basis in those with severe 
disease following careful review of the potential risks and benefits. 

3.2.2.4 Prevention/prophylaxis 
The prevalence of HCV infection has decreased significantly since the introduction of 
various preventive measures: systematic screening of blood and organ donations, use of 
erythropoietin and compliance with universal hygiene rules. No HCV vaccine is available at 
the present time. 
As discussed previously, serologic screening of all SOT candidates should be performed 
prior to transplant. In those candidates who are positive for HCV, a liver biopsy should be 
performed to assess underlying disease activity and the stage of HCV-related liver disease, 
which is not predicted well by biochemical tests. This information can help to guide 
expected response rates as well as the aggressiveness of therapy. IFN therapy is associated 
with reasonable response rates in patients who are on dialysis, with frequent maintenance of 
response after renal transplantation. Given the lower patient and graft survival rates after 
renal transplantation in patients who are HCV positive compared with patients who are 
HCV negative, IFN should be considered for candidates for renal transplantation who have 
HCV and active viral replication. Those with decompensated cirrhosis should be considered 
for SLK transplant.  
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There is little available data regarding the management of heart and lung transplant 
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population should be used to guide management. As mentioned previously, HCV therapy is 
contraindicated in heart transplant candidates due to the adverse side effect profile. Those 
with mild-to-moderate disease (METAVIR stage F0-F2) may be listed for transplant, while 
those with advanced HCV-related fibrosis or cirrhosis are generally not considered ideal 
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positivity is generally considered a contraindication to transplant, however one small series 
has shown that selected lung transplant candidates can safely and effectively be treated for 
HCV prior to transplantation(Orens, Estenne et al. 2006). 
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Hepatitis delta virus (HDV) is a small, defective RNA virus that can only replicate in an 
individual who has coexistent HBV, either after simultaneous transmission of the two 
viruses (co-infection), or via superinfection of an established HBV carrier(Pascarella and 
Negro 2011). The distribution pattern of this virus, investigated by seroprevalence studies of 
anti-HDV in HBsAg-positive patients, is worldwide but not uniform(Rizzetto, Ponzetto et 
al. 1991). For example, 90% of HBV carriers are infected with both viruses in the Pacific 
Islands, whereas the rates decline to 8% in Italy and 5% in Japan. Current estimates suggest 
that 15–20 million people are infected with HDV(Farci 2003).  
Like HBV, HDV is transmitted via the parenteral route through exposure to infected blood 
or body fluids, and tests in chimpanzees have shown that only a very small inoculum is 
sufficient to transmit infection(Ponzetto, Hoyer et al. 1987). Thus, transmission rates remain 
high in intravenous drug users and those with high risk sexual activities. Perinatal 
transmission of HDV is uncommon. Because of screening of blood products, new infections 
in hemophiliacs, blood transfusion recipients, and patients receiving hemodialysis are no 
longer seen in developed countries. 
The development of anti-HDV antibodies is universal in individuals with HDV; therefore, 
every patient who is HBsAg positive should be tested for anti-HDV IgG antibodies, which 
persist even after the patient has cleared HDV infection. Although active HDV infection was 
diagnosed historically by the presence of anti-HDV IgM antibodies, it is now confirmed by 
the detection of serum HDV RNA with a commercially available sensitive real-time PCR 
assay(Mederacke, Bremer et al. 2010). 
A third minor pattern of infection, the so-called helper-independent latent infection, has 
been reported in the liver transplant setting and is discussed briefly below(Ottobrelli, 
Marzano et al. 1991). Patients who undergo LT with HDV infection are interesting from the 
perspective that they often have low or very low serum levels of HBV (low replication) and 
have an overall high survival rate (>80%) after LT as a result of the “antiviral” effect of HDV 
on HBV replication(Samuel, Zignego et al. 1995). Suppression of HBV replication by HDV 
has historically led to better posttransplantation survival in coinfected patients(Lerut, 
Donataccio et al. 1999). As discussed previously, HBV infection of the grafted liver is usually 
prevented by administration of hepatitis B immunoglobulins and thus, hepatocytes may 
thus be infected with HDV alone. HDAg can be detected in the liver by 
immunohistochemistry before HBV recurrence, as the helper virus is only necessary for 
particle formation and not for viral replication(Kuo, Chao et al. 1989). HDV viremia (as 
determined by molecular hybridization) is only observed several months later, when 
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residual HBV evades neutralization, thus allowing for HDV rescue and cell-to-cell 
spread(Ottobrelli, Marzano et al. 1991). This third pattern of infection has been revisited 
with the advent of more sensitive, reverse transcription (RT)-PCR-based techniques for 
detecting HDV RNA(Pascarella and Negro 2011). 
The goal of treatment pre and post-transplant is to eradicate HDV together with HBV. HDV 
is considered eradicated when both HDV RNA in the serum and HDAg in the liver become 
persistently undetectable. However, it is only with HBsAg clearance that complete and 
definitive resolution is attained. Standard treatment is usually with IFN-α and has been 
shown to improve long-term clinical outcome and survival(Farci, Roskams et al. 2004). 
However, Peg-IFNα is still insufficient to cure the majority of chronic hepatitis D patients. In 
a prospective trial, only 21% of patients achieved HDV RNA negativity(Niro, Ciancio et al. 
2006). Alternative treatments have been tested, also with limited results. Antivirals such as 
lamivudine, adefovir dipivoxil, famciclovir and entecavir, have been shown to have some 
efficacy against HBV but no efficacy against HDV either in monotherapy or in combination 
with IFNα(Yurdaydin, Bozkaya et al. 2002; Niro, Ciancio et al. 2005; Hynicka, Yunker et al. 
2010; Wedemeyer, Yurdaydin et al. 2011). Ribavirin has been shown to inhibit HDV 
replication in vitro but is ineffective in vivo, even if associated with Peg-IFNα(Rasshofer, 
Choi et al. 1991; Garripoli, Di Marco et al. 1994; Niro, Ciancio et al. 2006). Most transplant 
centers use a peri- and post-LT protocol that includes the use of HBIG and a nucleos(t)ide 
analogue to minimize the risk of HBV reactivation, although these two treatments will have 
no effect on HDV replication. There are currently no published reports of HDV recurrence 
following solid organ transplant. 

3.4 Hepatitis E  
3.4.1 Epidemiology & specific risk factors  
Hepatitis E, caused by hepatitis E virus (HEV), was unknown as a disease entity until 1980 
during an outbreak of acute viral hepatitis in the Kashmir Valley, India, with 275 clinical 
cases in small villages with a common water source(Khuroo 1980). In the initial years after 
its discovery, it was believed to be a common cause of sporadic and epidemic waterborne 
acute hepatitis in, and limited to, developing countries, primarily in Asia and Africa. 
However, in recent years, the host range, geographical distribution and modes of 
transmission of this virus, and clinical presentations of this infection have been shown to be 
much broader than were previously believed(Purcell and Emerson 2008; Aggarwal 2011).  
The virus has four genotypes; of these, genotypes 1 and 2 are known to infect only humans, 
whereas genotypes 3 and 4 primarily infect other mammals, particularly pigs, but 
occasionally cause human disease(Lu, Li et al. 2006). The disease is characterized by a 
particularly severe course and high mortality among pregnant women(Navaneethan, Al 
Mohajer et al. 2008). In persons with pre-existing chronic liver disease, HEV superinfection 
can present as acute-on-chronic liver disease and can lead to liver decompensation and 
death. In non-endemic regions, chronic infection with genotype 3 HEV, which may progress 
to liver cirrhosis, has been reported among immunosuppressed hosts—including heart, 
kidney, kidney-pancreas and liver transplant recipients(Kamar, Mansuy et al. 2008; 
Haagsma, Niesters et al. 2009). There are no published reports of HEV in lung or small 
bowel transplant recipients.  
Anti-HEV IgG antibodies are present in 16.6% of blood donors in France and in 6–16% of 
renal transplant recipients(Mansuy, Abravanel et al. 2009)(Kamar, Mansuy et al. 2008; 
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Mansuy, Abravanel et al. 2009). Approximately 60% of SOT patients infected with HEV will 
develop chronic hepatitis, and up to 15% will develop cirrhosis(Kamar, Garrouste et al. 
2011). The use of tacrolimus rather than cyclosporine A and low platelet count have been 
reported as the main independent factors associated with chronic HEV infection after 
SOT(Kamar, Garrouste et al. 2011). Factors determining the severity of illness caused by 
HEV infection are not fully understood. These could include host factors or viral factors. Of 
these, host factors, in particular pregnancy, age and pre-existing liver disease clearly appear 
to be important(Aggarwal 2011). In addition, host immune response may also play a role. In 
a report from Japan, patients with genotype 4 HEV infection were found to have more 
severe illness than those who had infection with genotype 3 virus(Ohnishi, Kang et al. 2006). 
All patients with chronic HEV infection reported to date have been related to genotype 3 
virus; no cases of chronic hepatitis E caused by infection with genotypes prevalent in high-
endemic countries, namely genotype 1 and 2, have been described. 

3.4.2 Diagnosis 
The diagnosis of HEV infection in immunosuppressed individuals is not straightforward. 
Most patients have no symptoms, and clinically evident jaundice is rare. 
Immunosuppressed SOT recipients also have a lower degree of transaminase elevation (ALT 
100 to 300 IU/L). The diagnosis of HEV infection is confirmed by serology and/or 
molecular techniques. However, diagnosis of HEV is limited by the lack of high sensitivity 
commercial assays for detecting HEV RNA and reliance on anti-HEV immunoglobulin M 
(IgM) antibody testing(Drobeniuc, Meng et al. 2010). Serologic testing for anti-HEV 
antibodies has a significant false-negative rate in immunosuppressed patients, so negative 
results should be treated with caution(Kamar, Garrouste et al. 2011). No serologic tests to 
diagnose HEV infection have been approved for commercial use in the United States though 
several tests are available for research purposes(CDC 2010).  

3.4.3 Treatment 
Data are currently lacking regarding the treatment of chronic HEV infection in SOT 
recipients. Peg-IFN seems to have some efficacy but must be used with caution because of 
the risk of graft rejection(Kamar, Rostaing et al. 2010). Reduction of immunosuppression 
may be helpful. In one study nearly one-third of patients who were chronically infected 
with HEV achieved viral clearance after dose reduction of immunosuppressive therapy, and 
this was mainly due to the reduction of T cell therapy(Kamar, Garrouste et al. 2011). Small 
studies have reported that ribavirin has promising efficacy in immunocompromised 
patients with chronic HEV infection, including kidney and heart recipients(Kamar, Rostaing 
et al. 2010; Mallet, Nicand et al. 2010; Chaillon, Sirinelli et al. 2011) .  

3.4.4 Prevention/prophylaxis 
Two recombinant vaccine candidates, the rHEV vaccine expressed in baculovirus and the 
HEV 239 vaccine, expressed in Escherichia coli, have been successfully evaluated in Phase 
II/III trials(Shrestha, Scott et al. 2007; Zhu, Zhang et al. 2010). The HEV 239 vaccine remains 
under development and is based on HEV genotype 1, the endemic form of HEV. However, 
no data are yet available on the safety and efficacy of HEV 239 in patients with chronic liver 
disease and in immunocompromised individuals. The vaccine has not been investigated for 
immunuity against zoonotic HEV genotype 3 infection, which currently represents the main 
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Mansuy, Abravanel et al. 2009). Approximately 60% of SOT patients infected with HEV will 
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2011). The use of tacrolimus rather than cyclosporine A and low platelet count have been 
reported as the main independent factors associated with chronic HEV infection after 
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commercial assays for detecting HEV RNA and reliance on anti-HEV immunoglobulin M 
(IgM) antibody testing(Drobeniuc, Meng et al. 2010). Serologic testing for anti-HEV 
antibodies has a significant false-negative rate in immunosuppressed patients, so negative 
results should be treated with caution(Kamar, Garrouste et al. 2011). No serologic tests to 
diagnose HEV infection have been approved for commercial use in the United States though 
several tests are available for research purposes(CDC 2010).  
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Data are currently lacking regarding the treatment of chronic HEV infection in SOT 
recipients. Peg-IFN seems to have some efficacy but must be used with caution because of 
the risk of graft rejection(Kamar, Rostaing et al. 2010). Reduction of immunosuppression 
may be helpful. In one study nearly one-third of patients who were chronically infected 
with HEV achieved viral clearance after dose reduction of immunosuppressive therapy, and 
this was mainly due to the reduction of T cell therapy(Kamar, Garrouste et al. 2011). Small 
studies have reported that ribavirin has promising efficacy in immunocompromised 
patients with chronic HEV infection, including kidney and heart recipients(Kamar, Rostaing 
et al. 2010; Mallet, Nicand et al. 2010; Chaillon, Sirinelli et al. 2011) .  

3.4.4 Prevention/prophylaxis 
Two recombinant vaccine candidates, the rHEV vaccine expressed in baculovirus and the 
HEV 239 vaccine, expressed in Escherichia coli, have been successfully evaluated in Phase 
II/III trials(Shrestha, Scott et al. 2007; Zhu, Zhang et al. 2010). The HEV 239 vaccine remains 
under development and is based on HEV genotype 1, the endemic form of HEV. However, 
no data are yet available on the safety and efficacy of HEV 239 in patients with chronic liver 
disease and in immunocompromised individuals. The vaccine has not been investigated for 
immunuity against zoonotic HEV genotype 3 infection, which currently represents the main 
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clinical challenge to immunocompromised patients in Europe and the USA(Wedemeyer and 
Pischke 2011).  
The prevention of transmission of HEV is based on respect of hygiene rules, including the 
adequate cooking of meat. There is no systematic screening of HEV infection for blood 
donation. Although cases of blood-borne transmission of HEV have been described, the risk 
of parenteral transmission appears to be very low, as for hepatitis A virus(Franco, Giambi et 
al. 2003). Of note, following successful clearance of HEV, no reactivation has been observed 
following SOT(Legrand-Abravanel, Kamar et al. 2011).  

4. Challenges and new advancements in the management of hepatotropic 
infections 
Basic research, as well as the development of drugs and vaccines targeting human 
hepatotropic pathogens, has been handicapped by the lack of robust in vitro and in vivo 
platforms that mimic human liver biology and disease susceptibility. For example, despite 
prolonged viremia in mice models, none of the commonly observed sequelae associated 
with HBV or HCV infections in humans, namely fibrosis or HCC, have been observed in 
mouse models. However, the recent development of human liver–chimeric mice is 
evolving and appears promising(de Jong, Rice et al. 2010). Trials are ongoing to optimize 
the efficacy of available treatment options, for example, the use of protease inhibitors in 
combined therapy for HCV. In general, therapy for hepatotropic viruses is limited by the 
use of a few drugs that cause significant toxicities often resulting in dose adjustments and 
thus less efficacious regimens. Continuous efforts to improve treatment options available 
for viral hepatitis following solid organ transplant are urgently needed as viral hepatitis is 
a largely underestimated disease with an enormous impact on post-transplantation 
outcomes.  
Finally, emerging concepts of individualized immunosuppression may result in a decreased 
incidence of overall infection following solid organ transplant.(Sarwal, Benjamin et al. 2011). 
The transplant community is putting significant effort into finding/solving the “Holy Grail” 
of transplantation: true, donor-specific tolerance (free of chemical immunosuppressive 
agents). One of the main questioned topics related to immunologic tolerance is whether the 
most realistic achievable ultimate goal is “true tolerance,” with no maintenance 
immunosuppressive agents whatsoever or to achieve the status of “prope/almost 
tolerance,” with minimal or non-toxic maintenance drug therapy (Scherer, Banas et al. 2007). 
In order to achieve either of these goals, an effective clinical-tolerance monitoring assay to 
identify and predict possibly tolerant transplant recipients who could possible be weaned 
off immunosuppressive agents is yet to be found.  

5. Conclusions 
Viral hepatitis has a significant impact on transplantation outcomes. HBV and HCV are the 
most common causes of viral hepatitis following SOT and HEV is emerging as a significant 
cause of chronic hepatitis in industrialized nations. The interaction of infection and 
immunosuppression is central to understanding of risk and pathogenesis of various 
hepatropic viruses. Future studies to address prevention and improved treatment 
modalities both pre- and post-SOT are needed.  
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1. Introduction   
Hepatitis A virus (HAV) is a member of the Hepatovirus genus of Picornaviridae family. HAV is 
a non-enveloped (naked), linear, single stranded RNA virus of an icosahedral symmetry 
measuring 27-32 nm in diameter (Feinstone, 1973). The infectious particle consists of capsid 
protein and RNA genome (Fig. 1). The buoyant density of the mature particle is 1.33g/cm3 in 
CsCl solutions and the sedimentation coefficient is 160S in sucrose solutions (Ticehurst, 1983).   
 

 
Fig. 1. The internal structure of hepatitis A virus showing capsid proteins and envelopes, 
structural region, single stranded RNA (open reading frame) and functional region.  
(Adapted from:  Anderson,1988) 

HAV causes an acute self limited illness. It does not lead to chronic hepatitis or a carrier 
state and only rarely leads to fulminant hepatic failure. HAV interferes with liver function 
and sparks an immune response that leads to liver inflammation (Koff, 1998). Natural 
infection with virus results from ingestion of fecally contaminated food and water. Virions 
apparently reach the liver through blood or systemic circulation and are taken up by 
hepatocytes (Siegl, 1988). The virus in the liver is recognized by receptor sites on the 
hepatocyte membrane and engulfed by the cell (Fig. 2) (Anderson, 1988). Inside the cell the 
virus uncoats, releases viral RNA and begins transcription (Teixeira, 1982). Once HAV 
completes replication in the liver, it excretes in bile and finally shed in stool.   
Like all picornaviral genomes, HAV is divided into three parts: (i) 5’ non-coding region 
(NCR) that comprises approximately 10% of the genome (ii) single open reading frame 
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(ORF) of 2227 amino acids, that encode all the viral proteins, with regions designated as P1 
for capsid proteins, P2 and P3 for non-structural proteins and (iii) short 3’ non-coding region 
(Fig. 3). HAV RNA genomes lack the cap assembly found at the 5’ end of mRNA species 
that normally guides the ribosomal complex to the translation start site (Najarian, 1985). 
Instead, an internal ribosome entry site (IRES) formed by the 5’NCR functions to initiate 
translations in HAV including other picornaviruses (Borman, 1997; Totsuka, 1999). 
However, unlike other picornavirus IRESes, the HAV IRES requires an intact eukaryotic 
initiation factor 4G for its optimal activity (Totsuka, 1999). Several other host proteins are 
found to be associated with synthetic RNAs representing segments of the 5’ NCR (Chang, 
1993). The viral capsid protein (P1) is further divided into VP4, VP2, VP3 and VP1 regions. 
The non-structural P2 and P3 polyproteins are divided into 2A, 2B, 2C and 3A, 3B, 3C, 3D 
respectively (Fig. 3). HAV polyprotein is processed into precursor intermediates and mature 
proteins by the proteolytic activities of encoded viral proteins. HAV 2A, 2B, 2C protein 
encodes 45, 251 and 335 amino acids respectively. The 2A and 3C are identified as 
 

 
Fig. 2. Diagrammatic representation of life cycle and replicative phase of hepatitis A virus. 
(Adapted from: Anderson, 1988) 

 
Fig. 3. Genomic structure of hepatitis A virus. HAV genome is divided into a 5’ non-coding 
region (5’ NCR), a giant open reading frame, and a non-coding region (3’ NCR). The coding 
region is subdivided into regions P1, P2 and P3. (Adapted from: Totsuka and Moritsugu, 1999) 
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processing enzyme in hepatitis A virus. The translated 2A regions function as intermediary, 
partially located on the surface (VP1) and some are assembled inside the virion (Totsuka, 
1999). Both 2B and 2C proteins play an important role in the replication of the viral RNA. P3 
polyproteins encodes 3A, 3B, 3C and 3D proteins with 74, 23, 219 and 489 amino acids 
respectively. 3C protein acts as sole protease for HAV protein processing, while 3D is the 
RNA dependent RNA polymerase (Schultheiss, 1994).   

2. Clinical and biochemical features 
Persistent infection of HAV takes four clinical phases. First phase is incubation period that 
varies from 15-45 days (mean 30 days) (Ciocca, 2000). HAV excretion in the faeces continued 
for 1-2 weeks before the onset of illness and at least 1 week afterward. The prodromal period 
corresponds to second phase and characterized by nonspecific symptoms followed by 
gastrointestinal symptoms such as nausea (loss of appetite), fatigue, abdominal pain, 
malaise, anorexia, fever, vomiting and flu like complaints (Lemon, 1997). These symptoms 
are usually short lived and followed by complete recovery. Third stage is mostly 
characterized by increase in bilirubin level. Jaundice becomes clinically apparent when the 
total bilirubin exceeds 2.0-4.0 mg/dL (Fig. 4). In half of the hepatitis A patients clinical signs 
such as hepatomegaly and hepatic tenderness are prominent. The final phase is a 
convalescent period during which the patient recovers. Signs and symptoms usually lasts 
for less than 2 months, although 10-15 percent of symptomatic persons have prolonged or 
relapsing illness lasting up to 6 months (Hussain, 2005). The increase of serum 
aminotransferases, bilirubin (both total and direct), and alkaline phosphatase is the most 
striking laboratory findings of hepatitis A. In most of the hepatitis A cases level of serum 
aminotransferases increases mildly, but in severe cases it may be elevated to significantly 
high level that ranges from 1,000-1,500 IU/liter (Hussain, 2005).  

2.1 Diagnostic features  
Hepatitis A cannot be differentiated from other types of viral hepatitis on the basis of 
clinical or epidemiologic features alone. Diagnosis of acute hepatitis A is based upon the 
detection of anti-HAV IgM antibodies or presence of HAV RNA in serum or faeces. In the 
majority of persons, serum anti-HAV IgM becomes detectable 5-10 days before onset of 
symptoms. IgM antibodies are detectable soon after infection and can remain detectable for 
about 6 months (Fig. 4). The anti-HAV IgG appears early in the course of infection and 
remain detectable for the person's lifetime and provides lifelong protection against the 
disease.  Total anti-HAV testing is used in epidemiologic studies to measure the prevalence 
of previous infection or by clinicians to determine whether a person with an indication for 
pre-exposure prophylaxis is already immune. HAV RNA can be detected in the blood and 
stool of the majority of persons during the acute phase of infection by using nucleic acid 
amplification methods, and sequencing is used to determine the relatedness of HAV isolates 
for epidemiologic investigations. HAV RNA can also be detected in blood during the 
incubation period, acute phase, and 18-30 days after the onset of illness (Kwon, 2000; 
Hussain, 2006). However recent study suggests presence of HAV RNA for an average of 95 
days and viremia persisted longer after the onsets of symptoms (average, 79 days) (Bower, 
2000; Normann, 2004). 
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Fig. 4. The serological course of hepatitis A virus. The virus can be detected in the feces up 
to 2 weeks before the appearance of the jaundice and up to 2 weeks afterwards. (Adapted 
from Lemon, 1997) 

3. Epidemiological characteristics  
Hepatitis A is an enterically transmitted viral infection of public health problem all over the 
world. Faecally contaminated food and water is the common source of HAV infection. 
Consumption of contaminated food is a leading cause of large number of outbreaks in the 
past that affect hundreds and thousands of people (Koff, 1998). The source of most reported 
foodborne hepatitis A outbreaks has been HAV-infected food handlers. Waterborne 
transmission predominates in developing countries and is responsible for infection at early 
age. Therefore, it is responsible for endemicity rather than clinical outbreaks. In contrast, 
waterborne transmission in developed countries accounts for a very small proportion of 
HAV infections. Ninety percent of infections in children are subclinical or asymptomatic 
whereas exposure of adults and adolescents mainly leads to clinical form. Asymptomatic or 
unrecognized infections in children play an important role in HAV transmission and serve 
as a primary source of infections to others. The special groups of adult population such as 
men who have sex with men (MSM) or intravenous drug users (IVDUs) sustained the risk of 
HAV infection (Cotter, 2003; Vong, 2005). The blood borne transmission is also responsible 
for number of outbreaks of hepatitis A (Peerlinck, 1998; Ridolfo, 2000).   
HAV Infection is hyperendemic in vast areas of the world, with approximately 1.5 million 
clinical cases per year (Fig. 5) (WHO, 2000). The worldwide distribution is uneven and is 
based on determinants such as socioeconomic conditions and geographic factors (Craig, 
2004; Wasley, 2006; Jacobsen, 2010). In developing countries, the incidence of disease in 
adults is relatively low because of exposure to the virus in childhood. Most adults in these 
areas show prevalence of antibodies against hepatitis A. In developed world endemicity is 
usually very low and clinical cases occur almost exclusively in adults (Feinstone, 1996; 
Marinho, 1997). The variable age distribution among hepatitis A patients in developing and 
developed countries is a consequence of differing standards of hygiene and sanitation. In 
many developing countries, improved hygiene standards and socio-economic conditions 
have led to a reduction in exposure to HAV in childhood and hence large non-immune 
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adult population in the community. This leads to a shift or transition from asymptomatic 
childhood infections to an increased incidence of symptomatic or clinical disease in adults 
(Hussain, 2006). The persistence of circulating HAV may lead to hepatitis A outbreaks in 
susceptible non-immune adult population (Arankalle, 2001; Hussain, 2006).  
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variability, while VP1/2A junction is more variable and is used to distinguish one strain 
from another (Costa-Mattioli, 2002). The genetic variability observed within the putative 
VP1/2A junction (168 nucleotides) initially defined seven (I-VII) genotypes (Khanna, 1992; 
Robertson, 1992; Ching, 2002). However, recently new classification of HAV has been done 
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(Fig. 6). The phylogenetic analyses of VP1 sequences identified six genotypes (I-VI) that 
differ among themselves 15-25%. Three isolated from humans (I-III) and three from a simian 
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B, which differ in approximately 7.5% of base positions.  
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of the human strains studied and constitutes major virus population in North and South 
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Jordan, North Africa, Australia, Europe, Japan and South America. Most of the remaining 
human HAV strains segregate into genotype III that is further divided into two sub-genotypes, 
IIIA, and IIIB (Cohen, 1987; Jansen, 1990; Robertson, 1992). The sub-genotype IIIA have been 
subsequently identified in specimens collected from humans with hepatitis A in India, Sri 
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Lanka, Nepal, Malaysia, Sweden and the U.S.A [Khanna, 1992, Hussain, 2005]. The IIIB sub-
genotype is responsible for cases of HAV infection in Japan and Denmark.  
 

 
Fig. 6. The genomic organization of VP3 C-terminal, the VP1 amino acid terminal and 
VP1/2A junction region of hepatitis A virus. The complete sequence of the 900 nucleotides 
of the VP1 gene has been used for new classification of HAV. (Adapted from: Costa-
Mattioli, 2003) 

 

 
Fig. 7. Worldwide distribution of hepatitis A virus genotype(s) according to the VP3 
carboxyl terminus, the VP1 amino terminus and the VP1/P2A junction. (Adapted from: 
Wasley, 2006)   

In contrast, genotype II has rarely been reported worldwide. Recently, former genotype VII 
(SLF 88 isolate) has been reclassified within the genotype IIB (Costa-Mattioli, 2002; Lu, 2004) 
(Fig. 8 & 9). Similarly, sub-genotype II (CF-53/Berne isolate) has been defined as IIA in new 
HAV classification (Fig. 8 & 9).   

 
Hepatitis A: Clinical, Epidemiological and Molecular Characteristics 

 

133 

 
Fig. 8. Neighbour joining phylogenetic tree of the VP1/P2A region using the two-parameter 
model of Kimura.  Genotypes and sub-genotypes are shown along with strains name. The 
strains (SLF-88 and 9F94) in bold has close genetic relationship and hence in latest 
nomenclature genotype VII has been reclassified in genotype IIB. (Adapted from: Costa-
Mattioli, 2002)   

The three simians genotypes were defined by unique nucleotide sequences from the P1 
regions of HAV strains. In addition, all simian HAVs have a distinct signature sequence at 
the VP3/VP1 junction which distinguishes these strains from human HAVs. 
 

 
Fig. 9. The phylogenetic tree based upon the nucleotide sequence of the structural proteins 
showing 3 different genotypes of human isolates and 2 simian isolates. (Adapted from: 
Costa-Mattioli, 2002)   
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4.1 Application of molecular technique in deciphering outbreaks 
Molecular techniques provide an important tool in decoding the epidemiological outbreaks 
of hepatitis A. These techniques have been successfully applied for the detection numerous 
HAV outbreaks linked to various sources such as clinical specimens and environmental 
samples such as faecally contaminated water, food (Hutin, 1999). There are several examples 
where molecular techniques such as RT-PCR and sequencing have been used effectively in 
outbreaks to definitely relate the source of infection (De Serres, 1999; Sanchez, 2002; 
Chironna, 2004; Arankalle, 2006; Tallon, 2008). The molecular epidemiological techniques 
also helped to report several outbreaks in major European cities among men who have sex 
with men (MSM) (Reintjes, 1999; Bell, 2001; Stene-Johansen, 2002) as well as in intravenous 
drug users (IVDUs) (Davidkin, 2007).  

4.2 Mode of evolution in HAV 
HAV replicates as complex dynamic mutant distributions and quasispecies. The 
evolutionary study of HAV over time also suggests continuous generation of variants or 
quasispecies that coexist in time and in different environment (Costa-Mattioli, 2003; 
Sanchez, 2003a). These findings suggest that beyond mutations and genetic recombination, 
HAV exploits variation strategy in dominance to promote and ensure its survival. Despite 
some degree of nucleotide heterogeneity at the capsid region of HAV, there is not an 
equivalent degree of amino acid variation (Aragonès, 2008; Pérez-Sautu, 2011). Severe 
structural constraints in the hepatitis A virus capsid prevent more extensive substitutions 
necessary for the emergence of new serotype, and hence existence of single serotype of 
human HAV (Bosch, 1998).  

5. Complications related to hepatitis A 
Fulminant hepatitis A is a rare complication, with reported incidence of 0.015 to 0.9% of 
overall cases worldwide (O’Gardy, 1993). The fulminant hepatitis A is occasional 
phenomenon during which more expensive necrosis of the liver occurs that follows 
impairment of hepatic synthetic processes, excretory functions and detoxifying 
mechanism. It occurs during the first 4-6 weeks of illness which is characterized by 
sudden onset of high fever, marked abdominal pain, vomiting and jaundice followed by 
development of hepatic encephalopathy associated with deep coma and seizures 
(O’Gardy, 1989; Takahashi, 1991). Mortality is highly correlated with increasing age, 
survival being rare over the age 45 years (Acharya, 1996). Clinical signs indicating liver 
failure include a rapid decrease in size of the liver, prolongation of the prothrombin time 
and decrease in the aminotransferase level as the bilirubin level continues to rise 
(Evangelos, 1989; Vento, 1998).  

5.1 Mortality rate  
The vast majority of hepatitis A patients make a full recovery and fatality rate is low. The 
estimated mortality rate is 0.1% for children less than 15 years old, 0.3% for adults ages 15 to 
39, and 2.1% for adults ages 40 and old (Hollinger, 1996; Debray, 1997). The acute HAV 
super infection with chronic liver disease is also associated with severity and high mortality 
(Keffe, 1995; Vento, 1998).  
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5.2 Treatment   
Specific treatment is not available for acute hepatitis A virus infection. As in most  
cases the infection is self-limiting and is followed by complete recovery without  
chronic sequelae, and no specific interventions are required. Patients with hepatic  
failure are highly recommended to transfer to centre capable of performing liver 
transplants.  

6. HAV control and prevention strategies   
HAV control and prevention strategies vary, depending on the country. The current WHO 
position paper (2000) includes specific positions for countries, depending on their HAV 
endemicity. In highly endemic countries, almost all persons are asymptomatically 
infected with HAV in childhood, which effectively prevents clinical hepatitis A in 
adolescents and adults. In these countries, large-scale vaccination program are not 
recommended. In countries of intermediate endemicity where a relatively large 
proportion of the adult population is susceptible to HAV, and where hepatitis A 
represents a significant public health burden, large-scale childhood vaccination may be 
considered as a supplement to health education and improved sanitation. In regions of 
low endemicity, vaccination against hepatitis A is indicated for individuals with 
increased risk of contracting the infection, such as travelers to areas of intermediate or 
high endemicity. Other high-risk persons include MSM and IVDUs communities (Francis, 
1984; Widell, 1983). Persons with underlying chronic liver disease from any cause, 
particularly if they are older than 45-50, are at increased risk of fulminant hepatitis A and 
should be immunized. Immunization of foodhandlers could prevent common source 
outbreaks of hepatitis, but the cost effectiveness of such a strategy is not known (Lemon 
and Shapiro, 1994).  

6.1 Vaccine and immune response 
HAV vaccines from various manufacturers are widely available in the market throughout 
the world. These vaccines have tremendous response with observed anti-antibody among 
children (91-100%) and young healthy adults (96%) which persists for up to 15-20 years after 
completion of vaccination schedule (WHO, 2000; Hammitt, 2008). 

7. Conclusion 
HAV remain an important cause of hepatitis outbreak and is a major public health problem 
worldwide especially in developing countries. It is mostly reported from poor sanitary and 
unhygienic surroundings, which emphasizes the need for improving the public health 
measures to prevent epidemics of hepatitis A. The changes in epidemiological pattern 
would increase the disease burden, may cause large community outbreaks and lead to 
increased healthcare cost. The emergence of new serotype is highly unlikely, although new 
variants can emerge if virus population is forced to severe immune selective pressure. Since 
hepatitis A exists as a single serotype and human is the only host, it is possible to eradicate 
by selective vaccination against individuals who are susceptible and sero-negative for HAV-
IgM. 
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1. Introduction 
There are five different types of viral hepatitis (A, B, C, D, and E) in the world, each of 
which caused by a different virus. Although they all cause the disease in human, the five 
viruses are unrelated and are from different virus families with totally different genome 
structures and distinct replication mechanisms (Fauquet et al., 2005; Hochman & 
Balistreri, 1999; Kumar et al., 2010). Hepatitis E is an acute viral hepatitis caused by 
hepatitis E virus (HEV) which  is transmitted primarily through a fecal-oral route (Knipe 
et al., 2007). Pregnancy is one of the risk factors for severe HEV infection with high 
mortality rate. Numerous epidemic and sporadic cases have occurred in developing 
countries of Asia, the Middle East, and North Africa, where sanitary conditions are not 
well-maintained (Okamoto, 2007; Panda et al., 2007; Vasickova et al., 2007). Recent 
epidemiological studies show that significant prevalence of HEV and anti-HEV antibody 
is found in humans and several kinds of wild and domestic animals worldwide, including 
industrialized countries (Meng, 2010). 
Hepatitis E virus, discovered in 1983 by immune electron microscopy (Balayan et al., 1983) 
and first cloned in 1990 (Reyes et al., 1990), is the sole member of the genus Hepevirus 
within the family Hepeviridae.  Based on genome sequences, five major genotypes have 
been identified. The circulation of genotypes 1 and 2 viruses is maintained among only 
humans, while those of genotypes 3 and 4 are found in human as well as animals. The 
viruses of genotype 5 are of avian origin, thought to be noninfectious to humans. Although 
four of the five genotypes infect human ,only one HEV serotype has been found in human 
(Okamoto, 2007).  
HEV is composed of a protein capsid made of a single protein and a positive-sense RNA 
genome of 7.2 to 7.8 kb in size. Like the hepatitis A virus (HAV), HEV does not have a viral 
envelope, different from the hepatitis B, C, D virus, all of which contain membrane 
envelopes outside their capsid. The genomic RNA of HEV is capped, polyadenylated, 
containing three open reading frames (ORFs). ORF1, mapped at the 5’ terminus of the 
genome, has about 5124 bases and encodes several viral nonstructural proteins (e.g. 
methyltransferase, protease, helicase and RNA-dependent RNA polymerase). ORF2 
contains 1980 bases at the 3’ end of the genome and encodes the viral capsid protein (CP). 



 
Viral Hepatitis - Selected Issues of Pathogenesis and Diagnostics 

 

140 

Hammitt, L,L., Bulkow, L., Hennessy, T,W., Zanis, C., Snowball, M., Williams, J,L., Bell, B,P., 
McMahon, B,J. (2008). Persistence of antibody to hepatitis A virus 10 years after 
vaccination among children and adults. J Infect Dis 198, 1776-1782. 

7 

Structure and Function of the Hepatitis E Virus 
Capsid Related to Hepatitis E Pathogenesis  

Zheng Liu1, Yizhi Jane Tao2 and Jingqiang Zhang1   
 1State Key Laboratory for Biocontrol, Sun Yat-Sen University, Guangzhou,  

  2Department of Biochemistry and Cell Biology, Rice University, Houston, TX  
China  
USA  

1. Introduction 
There are five different types of viral hepatitis (A, B, C, D, and E) in the world, each of 
which caused by a different virus. Although they all cause the disease in human, the five 
viruses are unrelated and are from different virus families with totally different genome 
structures and distinct replication mechanisms (Fauquet et al., 2005; Hochman & 
Balistreri, 1999; Kumar et al., 2010). Hepatitis E is an acute viral hepatitis caused by 
hepatitis E virus (HEV) which  is transmitted primarily through a fecal-oral route (Knipe 
et al., 2007). Pregnancy is one of the risk factors for severe HEV infection with high 
mortality rate. Numerous epidemic and sporadic cases have occurred in developing 
countries of Asia, the Middle East, and North Africa, where sanitary conditions are not 
well-maintained (Okamoto, 2007; Panda et al., 2007; Vasickova et al., 2007). Recent 
epidemiological studies show that significant prevalence of HEV and anti-HEV antibody 
is found in humans and several kinds of wild and domestic animals worldwide, including 
industrialized countries (Meng, 2010). 
Hepatitis E virus, discovered in 1983 by immune electron microscopy (Balayan et al., 1983) 
and first cloned in 1990 (Reyes et al., 1990), is the sole member of the genus Hepevirus 
within the family Hepeviridae.  Based on genome sequences, five major genotypes have 
been identified. The circulation of genotypes 1 and 2 viruses is maintained among only 
humans, while those of genotypes 3 and 4 are found in human as well as animals. The 
viruses of genotype 5 are of avian origin, thought to be noninfectious to humans. Although 
four of the five genotypes infect human ,only one HEV serotype has been found in human 
(Okamoto, 2007).  
HEV is composed of a protein capsid made of a single protein and a positive-sense RNA 
genome of 7.2 to 7.8 kb in size. Like the hepatitis A virus (HAV), HEV does not have a viral 
envelope, different from the hepatitis B, C, D virus, all of which contain membrane 
envelopes outside their capsid. The genomic RNA of HEV is capped, polyadenylated, 
containing three open reading frames (ORFs). ORF1, mapped at the 5’ terminus of the 
genome, has about 5124 bases and encodes several viral nonstructural proteins (e.g. 
methyltransferase, protease, helicase and RNA-dependent RNA polymerase). ORF2 
contains 1980 bases at the 3’ end of the genome and encodes the viral capsid protein (CP). 



 
Viral Hepatitis - Selected Issues of Pathogenesis and Diagnostics 

 

142 

ORF3, which partially overlaps with the other 2 ORFs, encodes a 13.5kDa regulatory 
phosphoprotein with multifunctions (Monga, 2011; Vasickova et al., 2007). 
Due to the lack of a robust cell culture system, the viral structural studies have mainly relied 
on recombinant capsid protein (CP) from in vitro cell expression (Li et al., 2005; Li et al., 
1997). Recent findings from HEV expression and purification, X-ray crystallography, and 
electron cryomicroscopy (cryoEM) have begun to shed new light on the structural and 
functional properties of this important human pathogen.  

2. Hepatitis E virion morphology and capsid protein expression 
Native hepatitis E viruses are a non-enveloped, spherically shaped particle. The viron is 
thought to be made of 180 copies of CP with an approximate diameter of 27-34nm (Guu et 
al., 2009; Xing et al., 1999). Both immune and negative stain electron microscopy of human 
stool specimens have showed that the diameter of HEV is about 32nm (Balayan et al., 1983; 
Bradley et al., 1988). The surface of the virion has obvious spikes that are slightly less 
pronounced than those of Norovirus, but is clearly distinct from the smooth, featureless 
surface of the hepatitis A virus (Guu et al., 2009; Xing et al., 2010). However, based on 
morphology alone, HEV could not be reliably distinguished from other small spherical 
human enteroviruses usually found in feces. The buoyant density of HEV particles was 1.35 
to 1.40g/cm3 in CsCl (Bradley et al., 1988). 
Escherichia coli, and eukaryotic cell systems including insect, yeast and mammalian cells 
have been used to express the vrial capsid protein(CP). Among all of these in vitro cell 
systems, the baculovirus-insect cell system was proved to be an excellent choice to produce 
virus-like particles (VLPs) for its proper post-translational modification, correct 
conformation and assembly (Li et al., 2005; Li et al., 1997; Xing et al., 2011). In addition to the 
full-length 72-kDa protein predicted from the sequence of the ORF2 gene, abundant ORF2-
related polypeptides with molecular weights of 53, 56, and 64 kDa were detected in the 
insect Sf9 and Tn5 cells (Fig1. A). The amino terminus of the 56.5- and 63-kDa proteins was 
amino acid 112, while the carboxy termini of these two proteins were found to be residue 
607 and 635, respectively. There were also some conflicts on the exact site where the carboxy 
termini of these peptides end among different research groups. The molecular masses of 
HEV 53- and 56-kDa proteins were larger than expected from amino acid sequence possibly 
due to post-translational modifications   
HEV CP could self-assemble into two populations of virus-like particles, a small one with a 
diameter of about 23 nm, and a large one with a diameter of about 42 nm (Fig. 1C and D). 
Although multiple polypeptides could be generated by expression of the full length ORF2 
gene, only the 53-Kd peptide from aa 112 to aa 608 could self-assemble into the small 
particles. In contrast, the big particle was formed by the peptides from aa 14 to aa 608. The 
buoyant density of the small VLPs is only 1.285 g/cm3 in CsCl gradient, and the large VLPs 
has a density of 1.31 g/cm3 (Xing et al., 2010), both smaller than the buoyant densities of 1.35 
g/cm3 and 1.39 to 1.40 g/cm3  reported for the native HEV particles extracted from in 
human stool possibly due to the lack of nucleic acids. In addition to the gene truncations at 
the N and C termini, the yield of HEV VLPs also depends on the insect cell lines used for 
overexpression. When using the Tn5 insect cells, the capsid proteins with 111 or 13 amino 
acids truncation at the N terminus could produce small or large particles at high yield (Li et 
al., 2005; Li et al., 1997; Xing et al., 2011).  

 
Structure and Function of the Hepatitis E Virus Capsid Related to Hepatitis E Pathogenesis  

 

143 

 
Fig. 1. Capsid protein and virions of HEV. (A) 10% SDS-PAGE of the full ORF2 proteins of 
genotype 4 from overexpression in Tn 5 cell. Target proteins were detected by western blot 
analysis using the serum of a patient with acute hepatitis E. M, molecular weight standard. 
(B) Native virions of hepatitis E virus under electron microscopy (Courtesy of 
Angusmclellan, CDC of United States). (C) Electron microscopy of small virus-like-particles 
（VLPs）(~23.7nm) puried from Tn5 cells by CsCl equilibrium centrifugation. The VLPs 
were stained with 2% phosphotungstic acid solution (buffered to pH 7 using sodium 
hydroxide). (D) Electron microscopy of large VLPs (~41.5nm) puried from Tn5 cells with 
CsCl equilibrium centrifugation. The VLPs were stained with 2% phosphotungstic acid 
solution (buffered to pH 7 using sodium hydroxide) Bar=100 Å. 

3. The structure of small and large hepatitis E virus capsid 
HEV VLPs made by the baculovirus-insect cell expression system are easy to purify to high 
concentration, thus making it possible for high resolution structural analyses. The structure 
of small VLPs has been analyzed first by cryoEM (Xing et al., 1999)and then by X-ray 
crystallography (Guu et al., 2009; Li et al., 2009; Yamashita et al., 2009). In the later case, the 
cryoEM map has served as a phasing model for crystal structure determination. In addition, 
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the structure of large HEV VLPs has been extensively solved by electron cryomicroscopy 
(Xing et al., 2010). Our understanding of HEV capsid greatly benefited from the combination 
of medium-resolution cryoEM maps with atomic resolution X-ray crystal structures of these 
VLPs. 
The cryoEM density map of the small VLP shows that the capsid consists of 60 copies of 
HEV CP arranged on T=1 lattice of icosahedral symmetry The capsid is decorated by a total 
of 30 dimeric protrusions each measured to be 56 Å long and 43 Å wide. These protrusions 
are found at twofold axes, with each protrusion surrounded by another four protrusions 
related by adjacent threefold axes (Fig2.B). Small plateaus are also found on threefold axes. 
Based on the cryoEM map, each CP molecule can be clearly divided into two domains, a 
shell domain and a protrusion domain (Fig2.B) (Li et al., 2005; Xing et al., 1999).  
 

 
Fig. 2. The cryoEM structure of small VLPs. (A) CryoEM micrographs of small VLPs 
embedded in vitreous ice (Bar=1000 Å). (B) Shade surface of the small VLPs reconstruction 
at about 11-Å resolution as viewed along the twofold axis. The capsid is colored radially 
from inside to outside as magenta, green and blue, respectively. (C) A central slice view 
along the twofold axis. (D)Shade surface representation of the 3D reconstruction with tis 
upper half removed to reveal the internal feature.  

Using the cryoEM reconstruction as phase model, the structure of the HEV small VLP was 
determined to atomic resolution by X-ray crystallography (Guu et al., 2009; Yamashita et al., 
2009). In agreement with the low resolution density determined by cryoEM, the crystal 
structure of the T=1 VLPs shows that each CP can be divided into 3 domains: the S domain 
(aa 118–313), the P1 domain (aa 314–453), and the P2 domain (aa 454–608) (Fig. 3A and B), 
with the latter two domains connected by a long, flexible hinge linker. The S domain forms a 
continuous capsid shell that is reinforced by 3-fold protrusions formed by P1 and 2-fold 
spikes formed by P2. The S domain adopts the jelly-roll, β-barrel fold that is most closely 
related to plant T=3 viruses. Both P1 and P2 contain compact, 6-stranded barrels that 
resemble the β-barrel domain of phage sialidase and the receptor-binding domain of 
norovirus respectively (Guu et al.,2009). Although HEV CP contains 3 domains like the 
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calicivirus coat protein, the organization of the 3 domains and their structural details are 
different (Fig. 3B). In calicivirus, the P2 domain is a large insertion in the P1 domain, while 
the 3 domains S, P1, and P2 are arranged in a linear sequence in T=1 VLPs (Guu et al., 2009; 
Li et al., 2009; Yamashita et al., 2009). 
 

 
Fig. 3. The X-ray structure of small VLPs. (A) The ribbon diagram of a capsid monomer  
(PDB accession code: 2ZTN). The P2 (blue), P1 (green) and S (magenta) domains are at the 
top, middle, and bottom, respectively. (B) Secondary structure assignment. α-helices are 
shown by rectangles, β-strands by arrows, loops by thick lines, and disordered regions by 
dotted lines. Regions from the S, P1, and P2 domains are colored the same as in (A). The 
conventional naming scheme for the 8 β-strands (BIDG and CHEF) from the jelly-roll β-
barrel is shown in parentheses. (C) The whole crystal structure of HEV T=1 VLP. The three 
domains, S, P1, and P2 are similarly colored as in (A). (D) The crystal structure of one CP 
dimmer fits well into the cryoEM density of T=3 VLP. 

Meanwhile, the large VLPs have been proved that it is made up of 180 copied of coat protein. 
According to the cryoEM reconstruction of T=3 VLPs (Xing et al., 2010), the density map 
reveals four discrete domains, P2, P1, S and N from outside to inward (Fig. 4C). The density 
profile of the P2, P1 and S domains displayed less variation from that observed in T=1 VLPs, 
thus the CPs was able to be grouped into three unique monomers according to their geometric 
environments. Although monomers A and B formed dimeric spikes (A-B dimers) around each 
of the five-fold axes, two two-fold related C monomers formed a spike (C-C dimers) at each of 
the icosahedral two-fold axes (Fig. 4B). The surface lattices of CPs in T=3 HEV-LP were similar 
to the capsid arrangement of caliciviruses. Comparing with the A-B dimer, the morphology of 
the HEV C-C dimer was less well defined, perhaps due to the flexibility in the angle of the 
protruding domain toward the icosahedral shell (Guu et al., 2009; Xing et al., 2010).  
Although there is no crystal structure for the T=3 particles, a pseudo-atomic structure of the 
T=3 particles was obtained by docking the atomic structures of the CP from T=1 particle into 
the T=3 cryoEM density map. The docking of the crystal structure of the T=1 CP to the 
density map of T=3 VLP showed very good agreement between the two structures (Fig. 3D). 
The docking positioned N-terminal tail of the HEV CP at the capsid inner surface and 
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aligned well with an internal density linker in T=3 VLPs. The linker density served as a tag 
to connect the N domain with the icosahedral capsid shell, highlighting the location of the 
N-terminal 111 amino acids of the HEV CP in the T=3 VLP. 
 

 
Fig. 4. CryoEM structure of the large VLPs. (A) CryoEM micrographs of large VLPs 
embedded in vitreous ice (Bar=1000 Å). (B) Shade surface of the large VLP reconstruction at 
about 11 Å resolution as viewed along the twofold axis (Electron Microscopy Data Bank 
accession number: EMD-5173). Different domains are colored differently, the S domain 
colored magenta, P1 domain green, P2 domain blue. (C) A central slice view along the 
twofold axis. (D) Shaded surface representation of the 3D reconstruction after its upper half 
was removed to reveal the internal view; the N domain is colored yellow. 

4. Assembly mechanism of HEV capsids 
After the structure of the T=1 and T=3 capsids of HEV were establised, it became possible to 
propose a model for the assembly of the capsids. Because HEV CP containing amino acids 
112–608 self-assemble into T=1 VLP and CP containing amino acids 14–608 form T=3 VLP, it 
is likely that the N-arm acts as a molecular switch in regulating capsid assembly. Based on 
previous studies on the T=3 viruses such as small plant RNA viruses, insect nodaviruses, 
and caliciviruses (Ban et al., 1995; Chen et al., 2006; Prasad et al., 1999), two different forms 
of dimers (A-B dimer and C-C dimer) are necessary  for the formation of the T=3 particles. 
Indeed, the T=3 density map of HEV VLP confirms that it is composed of two types of 
dimmers: the angled A-B dimmer and the flat C-C dimmer. In vitro, dimer and decamer 
intermediates were found during the purification, disassembly and reassembly process. The 
finding of these CP assemblies helped us to understand the HEV capsid assembly process in 
some detail (Guu et al., 2009; Xing et al., 2010). 
As for the T=1 capsid, the CP monomers form stable dimers through the interactions largely 
mediated by P2 domain through an extended loop (550–566) and three β-strands from the 
central β-barrel. These CP dimers are designated A-B dimers and they are found on the 
icosahedral two-fold axis. The decamers, each assembled from five A-B dimers, are located 
at the 5-fold axes, and stabilized by interactions from four loops between the β-strands in 
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Fig. 5. Diagram showing the putative assembly process of HEV T=1 and T=3 VLPs. The 
HEV CP encodes information that controls the assembly of decamers. Interaction with the 
RNA fragment induces flat dimeric contact and the formation of C-C dimers, which guides 
the assembly of the complete T=3 icosahedral capsid. 

the S domain. After formation of the decamers, they begin to interact around the three-fold 
axes to assemble the whole icosahedral capsid. Interactions around the three-fold 
protrusions are largely maintained by the P1 domains. In contrast to the formation of the 
T=1 icosahedral capsid, T=3 icosahedral capsid assembly utilizes a mechanism that requires 
the formation of the flat C-C dimmers help to assemble hexamers at icosahedral three-fold 
positions(Xing et al., 2010). The CP of T=3 capsid has residues 14-118 at N terminus with an 
RNA binding activity. The induction of the C-C conformation was also noted in the 
bacteriophage MS2, where the complete assembly of capsid requires the presence of 
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synthetic RNA fragment (Stockley et al., 2007). The interaction of RNA with the N-terminal 
end of ORF2 may act as the driving force leading the formation of flat C-C dimers and 
ultimately the full capsid formation through the integration of 30 copies of C-C dimmers 
and 12 copies of A-B decamers. One putative assembly model for T=1 and T=3 HEV capsids 
is depicted Figure 5. 

5. Biological functions of HEV capsid and pathogenesis 
Viral capsids help to provide structural support for the virion and to contain or protect the 
viral genome. In non-enveloped viruses, they also mediate cell receptor binding,virus 
internalization and viral genome release. In addition, viral capsids bind to antibodies and 
play important roles in inducing host immune reactions.  
The three domains of VLP play different roles in organizing the icosahedral capsid. The S 
domain, which adopts the jelly-roll, β-barrel fold, forms a continuous capsid shell. The P1 
domain interacts near three-fold axes, forming isolated trimetric protrusions. Thus, the P1 
domain stabilizes only the trimetric interactions. The P2 domain forms dimeric spikes that 
stabilize capsid protein interactions across the two-folds (Guu et al., 2009; Li et al., 2009; 
Xing et al., 2010; Yamashita et al., 2009).  
The two P domains play additional roles other than maintaining structural stability. The 
peptide of the HEV capsid protein (amino acids 368–606), which consists of a part of the P1 
and entire P2 domain, was shown to be capable of binding and penetrating different cell 
lines susceptible to HEV, thus is capable of inhibiting HEV infection (He et al., 2008). The 
potential sugar binding sequence from the P1 domain, 376ADTLLGGLPTELISSA391, is 
strictly conserved among all HEV genotypes. In contrast, loops 550-566 and 583-593,the 
potential sugar binding site of the P2 domain, contain three and four hyper-variable amino 
acids, respectively, indicating that these regions are instead likely to mediate antibody 
recognition and immune escape. The putative sugar binding motif in the P1 domain (376–
391) forms a hidden pocket at the interface between two capsid proteins around three-fold 
axes, suggesting receptor binding to P1 domain may potentially lead to the destabilization 
of the VLP trimer, resulting in conformational changes that eventually lead to membrane 
penetration and genome release into the infected cell. Further mutagenesis studies targeting 
these two potential sugar-binding sites will determine which domain functions in host-cell 
binding and virus internalization. Many studies also implicated the P1 and P2 domains in 
antibody binding (Guu et al., 2009; Li et al., 2009; Xing et al., 2010; Xing et al., 2011; 
Yamashita et al., 2009). 
There are three potential N-glycosylation sites in the capsid protein that are well-conserved, 
Asn-137-Leu-Ser, Asn-310-Leu-Thr, and Asn-562-Thr-Thr. The N137 and N310 are hidden in 
the inside of the capsid. In the CP dimmer structure, these two sites are mapped on the 
horizontal surface of the S domain, suggesting that, if it occurs at all, N-glycosylation in 
these sites may inhibit assembly of VLPs. Indeed, Graff et al. reported that HEV carrying 
mutations in Asn-137 or Asn-310 to Glu lost infectivity to cells or rhesus macaques due to a 
defect in the virion assembly (Graff et al., 2008). N562 located at P2 domain is exposed to 
solvent at the very top of the surface spike, and could potentially be subjected to receive 
glycosylation in ER (Graff et al., 2008; Torresi et al., 1999). 
The inner surface of the capsid shell is covered with a large number of basic amino acid side 
chains (R128, R133, R186, R189, R193, and R195, a total of six from each subunit), remarkably 
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different from dsRNA viruses in which a large number of negatively charged residues on 
the inner surface are used to facilitate the movement of dsRNA genome during particle-
associated transcription (Pan et al., 2009). These arginine side chains from capsids 
presumably help to neutralize the negative charges of the genomic RNA. Around the five-
fold axes is a ring of five tyrosine residues (Y288) that are hydrogen bonded to five serine 
residues (S200), which are also positioned around the five-fold axes, but closer to the particle 
interior (Guu et al., 2009). 
Presumably because the structural features of small HEV VLPs resemble that of the native 
virion, small VLPs possess antigenity similar to that of an authentic HEV particle and 
function as an antigen to detect HEV- specific immunoglobulin G (IgG) and 
immunoglobulin (IgM) responses (He et al., 2008; Xing et al., 1999; Xing et al., 2011; 
Yamashita et al., 2009). When VLPs are mixed and incubated with patient serum, the 
resultant antigen-antibody complexes are able to be examined under EM. Moreover, the 
VLPs can be also used as the antigen to detect HEV-specific antibodies elicited in an 
experimentally infected monkey, and obvious IgM and IgG antibody responses were 
observed during the clinical course of acute hepatitis. Oral administration of recombinant  
VLPs was immunogenic and stimulated an immune response in mice in the absence of an 
adjuvant, and all the antibody responses including IgM, IgG and IgA were obtained (Li et 
al., 2004; Li et al., 2001). Because of its large size and ability to encapsulate the viral 
genome,it is generally accepted that the T=3 VLPs have the same capside structure with 
native HEV. Therefore, the T=3 VLPs should have the same antigenic and immunological 
functions as the T=1 VLPs as well as the native HEV virion. 

6. Conclusion 
Major advances have been achieved in the last few years in studying the structure and 
assembly of the hepatitis E virus capsid.  Our structural and functional studies of HEV 
capsid have largely benefitted from the ability to produce large quantities of recombinant 
proteins, and under certain conditions to induce the assembly of the HEV-like particles.  
Many questions still remain unanswered, however.  For example, what is the biological 
function of the C-terminal domain of the capsid protein?  The C-terminal domain, or the last 
~50 residues of the capsid protein, is not present in any of the virus-like particles that have 
been analyzed so far.  It is possible that this sequence has an important role in HEV 
assembly but may not be needed for virus infectivity.  The HEV cell receptor, which is 
recognized by the capsid protein, has not been identified either.  Other interesting questions 
are how the infectious virion gets internalized into host cells, and subsequently how the 
capsid structure changes to release the viral genome into the host cytoplasm to initiate 
infection.  It is anticipated that molecular virology together with structural biology methods 
such as cryo-EM and X-ray crystallography will continue to make important contributions 
to help answer these question.  In the end, our ultimate understanding of the HEV capsid 
function requires an effective cell culture system where recombinant viruses can be 
generated and analyzed for virus entry, replication and growth.   
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