
belongs to a g roup of  hepatotropic DNA viruses 
(hepadnaviruses)[1,2]. The virus consists of  a nucleocapsid 
and an outer envelope composed mainly of  three hepatitis 
B surface antigens (HBsAgs) that play a central role in the 
diagnosis of  HBV infection. The nucleocapsid contains 
hepatitis B core antigen (HBcAg), a DNA polymerase-
reverse transcriptase, the viral genome as well as cellular 
proteins[1,2]. 

The genome consists of  a partially double-stranded 
circular DNA molecule of  about 3200 base pairs in length 
with known sequence as well as genetic organization. 
The pre-surface 1 [pre-S1]/pre-surface 2 [pre-S2]/and 
surface genes [S] code for the various HBsAgs. The 
protein encoded by the pre-core [pre-C]/core gene [C] 
undergoes post-translational modification to yield hepatitis 
B e antigen (HBeAg), which is a seromarker for high viral 
replication[2]. The core gene codes for HBcAg, the major 
structural protein of  the nucleocapsid. Finally, the X gene 
codes for the hepatitis B x antigen (HBxAg). HBxAg has 
been shown to be a potent transactivator of  cellular and 
viral genes. A variety of  interactions with cellular proteins 
has been proposed as potential targets of  HBxAg. The 
precise functions of  HBxAg, however, in the viral life 
cycle and the natural course of  HBV infection remain 
to be established. In addition to the known viral genes, 
several cis- and trans-acting genetic elements involved in the 
fine control of  gene expression, RNA packaging and viral 
replication have been identified[1,2].

The viral DNA polymerase-reverse transcriptase is 
encoded by the polymerase gene [P] and is of  central 
importance for viral replication. Different from all known 
mammalian DNA viruses, hepadnaviruses replicate via 
reverse transcription of  a RNA intermediate[3,4], the 
pregenomic RNA, which is a strategy central to the life 
cycle of  RNA retroviruses. Similarities and differences 
between retroviral and hepadnaviral replication have 
been defined[1]. Based on the unique replication cycle 
of  HBV, antiviral therapeutic strategies aimed at the 
reverse transcription of  HBV RNA or at HBV reverse 
transcriptase have been successfully used as antivirals to 
treat HBV infection[5-13]. 

VIRAL VARIANTS AND PATHOGENESIS 
OF INFECTION
Evidence has been accumulating that certain HBV 
mutants are associated with unique clinical manifestations, 
may affect the natural course of  the infection and confer 
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Abstract
Infection with hepatitis B virus (HBV) leads to a wide 
spectrum of clinical presentations ranging from an 
asymptomatic carrier state to self-limited acute or 
fulminant hepatitis to chronic hepatitis with progression 
to cirrhosis and hepatocellular carcinoma. Infection with 
HBV is one of the most common viral diseases affecting 
man. Both viral factors as well as the host immune 
response have been implicated in the pathogenesis and 
clinical outcome of HBV infection. In this review, we 
will discuss the impact of virus-host interactions for the 
pathogenesis of HBV infection and liver disease. These 
interactions include the relevance of naturally occurring 
viral variants for clinical disease, the role of virus-induced 
apoptosis for HBV-induced liver cell injury and the impact 
of antiviral immune responses for outcome of infection. 
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resistance to antiviral agents (Table 1)[14-17]. Naturally 
occurring mutations in the context of  various genotypes 
have been identified in the structural and non-structural 
genes as well as regulatory elements of  the virus. The best 
characterized mutants are the pre-core (pre-C) stop codon 
mutations resulting in a loss of  hepatitis B e antigen[18], 
defined clusters of  mutations in the core promoter 
resulting in enhanced viral replication[19-21], and mutations 
in the reverse transcriptase/polymerase genes conferring 
resistance to antivirals[16,22]. Furthermore, several mutations 
in the HBV surface gene have been identified which alter 
the antigenicity of  the viral surface proteins (HBsAg) and 
structure of  the viral envelope[15,23]. 

HBeAg variants and HBeAg-seronegativity 
One of  the first HBV mutations clinically recognized 
and functionally characterized was the pre-C stop 
codon mutation, resulting in a loss of  HBeAg. Not all 
patients with chronic hepatitis B become HBV DNA 
negative, despite seroconversion from HBeAg to anti-
HBe. Numerous studies have shown that these patients 
are infected with a pre-C/C mutant[24,25]. This mutant has 
a translation stop codon at the end of  the pre-C gene. 
Thus, the pre-C/C fusion protein, a precursor of  HBeAg, 
cannot be synthesized. In these patients, therefore, viral 
replication may persist despite elimination of  HBeAg and 
seroconversion to anti-HBe. While the loss of  HBeAg 
appears irrelevant for the biology of  the virus, it may play 
an important role in the interaction of  the virus with the 
immune system. Secreted HBeAg has been proposed to 
have an immunoregulatory function in utero by establishing 
T-cell tolerance to HBeAg and HBcAg that may predispose 
neonates born to HBV-infected mothers to develop 
persistent HBV infection[26]. Recent studies have further 
demonstrated an immunomodulatory role of  HBeAg in 
antigen presentation and recognition by CD4+ T-cells[27]. 
The selection of  HBeAg mutants in the host may be 
due in part to immunomodulatory properties of  HBeAg 
resulting in a survival advantage for the virus[28]. Whether 
and how this mutation - either alone or in combination 
with other mutations - affects the clinical course of  HBV 
infection is still unclear. 

Of  interest in this respect is the observation that 
pre-C stop codon mutants are found not only in patients 
with fulminant hepatitis[18,29-32] or chronic active hepatitis 
B[24,25,33-35], but also in asymptomatic HBV carriers[32] or 
acute, self-limited hepatitis [36]. In the woodchuck model, 
the pre-C stop codon mutation was found to exert no 
effect on viral replication or the severity of  liver disease. 
Infections with the pre-C stop codon mutant, however, 
did not take a chronic course[37]. Interestingly, in the duck 
hepatitis B virus model the pre-C stop codon mutant 
replicates less well and is overgrown by wild-type virus 
during the natural course of  coinfection[38].

Core promoter variants and enhanced viral replication 
During the last couple of  years mutations have been 
identified in regulatory genetic elements of  the HBV 
genome. Several independent studies have identified and 
functionally characterized distinct mutations clustered in 
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enhancer Ⅱ of  the HBV core promotor. Core promoter 
mutations are predominantly found in patients with a 
more aggressive course of  disease such as fulminant[19,39-41] 
or chronic hepatitis B[21,33,42-45]. Some of  the patients have a 
decrease or loss of  HBeAg[39,43]. 

 A common hallmark of  core promoter mutations is 
the biological phenotype of  enhanced viral replication 
in transfected hepatoma cell lines[19,21,33,39-44] and primary 
hepatocytes[20]. The most prevalent mutant comprises 
a double mutation (A to T at nucleotide 1764 and G to 
A at nucleotide 1766, nucleotide numbering according 
to[46] located at the 3`end of  enhancer Ⅱ of  the basal 
core promotor being present in up to 80% of  individuals 
chronically infected with HBV[47]. 

Several other core promotor mutations in immuncom-
promized patients and severe or fulminant liver disease 
have been identified[41,42,45]. A common phenotype of  these 
mutations seems to be the enhanced viral encapsidation by 
altering the balance between pre-C and C RNA transcript 
levels[42]. Several of  these mutations have been shown to 
create additional transcription factor (HNF-1, HNF-3, 
HNF-4 or C/EBP) binding sites[41,42,48]. The magnitude of  
mutant-induced enhancement of  viral replication seems to 
be dependent on the HBV subtype/genotype[40,49].

The phenotype of  enhanced viral replication may be 
the reason why core promoter mutants seem to be selected 
in immunosuppressed patients or patients with chronic 
hepatitis. Interestingly, one study suggested the presence 
of  core promotor mutations was significantly associ-
ated with the development of  hepatocellular carcinoma 
(HCC)[50]. Furthermore, the high-replication phenotype of  
viral strains containing core promotor mutations may play 
a role in the pathogenesis of  more aggressive or severe 
disease associated with these mutations. Interestingly, the 

Table 1  HBV variants and their potential impact for 
pathogenesis of HBV infection

HBV region   Mutation          Molecular phenotype    Clinical relevance

Pre-S/S	   Pre-S1/ pre-S2/    Misassembly	               Fibrosing cholestatic
	   S-promotor		                hepatitis
	   S 	               Alteration of B- and      Vaccine escape
	   S splicing 	              T-cell epitopes	              Immune escape
				                  Diagnostic escape

Pre-C	   Pre-C-stop               Loss of HBeAg              Severe hepatitis
	 	 	 	               HBeAg-deficiency
Core	   Core	               Alteration of T-cell        Viral persistence
		                epitopes	               Severe hepatitis

RT/Pol	   Pol	               Replication deficiency    Viral latency
				                    Viral persistence
	   Pol	               Resistance to antivirals   Therapy escape
		
Regulatory	  Core promotor      Enhanced replication       Severe hepatitis
Elements		                and core expression         Modulation of 
				                     drug resistance
		                Decreased HBeAg            HBeAg 
		                synthesis	                  seronegativity
	   Enhancer I              Decreased replication      Chronic hepatitis

HBV genomic region, mutation, molecular phenotype and clinical relevance 
are indicated.



transmission of  a high-replication strain containing two 
core promotor mutations and the pre-C mutation to HBV-
naive patients has resulted in an outbreak of  fulminant 
fatal hepatitis[19]. Enhanced viral replication with the 
concomitant increase in viral protein expression may result 
in a differential immune response as well as a more rapid 
and widespread infection in naive patients[19,20,40]. Altered 
viral kinetics accompanied by a more vigorous cellular 
immune response may be important mechanisms resulting 
in more severe liver injury and potentially fulminant 
hepatitis. Another factor contributing to fulminant hepatic 
failure associated with defined core promoter mutations 
may be hepatocyte apoptosis induced by the HBV 
variant[20]. Since not all patients with fulminant hepatitis 
are infected with HBV strains exhibiting a high-replication 
phenotype[51] additional mechanisms for the pathogenesis 
of  fulminant hepatitis likely exist[52]. 

Variants of HBsAg and immune escape 
A variety of  mutations have been identified in the HBV 
structural genes resulting in differential antigen recognition 
and immune response[53]. During the course of  a passive-
active HBV immunization program in southern Italy, 
several children were infected with HBV despite a primary 
response to the HBsAg vaccine. Molecular analyses 
showed that one of  these children was infected with a 
HBV mutant[54,55]. This mutant exhibited a defect in the S 
region of  the HBV genome (glycine (Gly) to arginine (Arg) 
at amino acid position 145) with loss of  the group-specific 
antigenic determinant a, which is the main target of  the 
vaccine response. Further biological characterization 
of  this mutant in the context of  replication-competent 
viral genomes revealed that this mutation also results 
in impaired S secretion and decreased virion stability[56]. 
This viral mutant was able to escape the immune 
surveillance and thereby resulted in an infection despite 
the presence of  anti-HBs antibodies (‘vaccine escape 
mutant’). Similar mutants have been detected in Japan[57] 
and the Gambia[58] and presumably occur world-wide[53]. 
Consistent with these initial observations, a recent study 
demonstrated the accumulation of  HBsAg a determinant 
mutants dur ing the implementat ion of  universa l 
vaccination programs in Taiwan[59]. In contrast to these 
epidemiological observations, a study in the chimpanzee 
model using currently available US-licensed HBV vaccines 
demonstrated protection against the ‘classical’ vaccine 
escape (Gly-145-Arg) mutant in vivo. This study provides 
strong evidence that immunization with recombinant 
HBV vaccines stimulates anti-HBs that is broadly reactive 
and protects the host efficiently from infection with HBV 
strains containing the Gly-145-Arg mutant[60]. Since this 
study only evaluated the protective properties of  licensed 
HBV vaccines against the Gly-145-Arg mutant, it does not 
exclude the possibility that other genuine vaccine escape 
mutants result in immunization failure[60]. Further studies 
are needed to address this issue. In addition to immune 
escape on the B cell level, vaccine escape mediated by 
defined HBsAg epitopes can occur on the T cell level[61]. 
Taken together, these findings indicate, that careful 
epidemiologic monitoring of  vaccine failure caused by 
infection with HBV mutants may be crucial for the success 

of  global immunization strategies.
‘Immune escape mutants’ have also been reported in 

patients after liver transplantation for HBV-related chronic 
liver disease who had received monoclonal or polyclonal 
anti-HBs antibodies to prevent reinfection of  the graft[62-65]. 
‘Immune escape mutants’ have also been identified in anti-
HBs positive individuals[57,66]. 

In addition to ‘vaccine escape mutants’ and ‘immune 
escape mutants’, ‘diagnosis escape mutants’ have been 
described, since most of  the HBsAg detection assays are 
based on anti-HBs antibodies[57,67]. Diagnostic escape may 
also be the result of  a posttranscriptional effect of  viral 
mutations on HBsAg expression as described by Hass 
et al in an elegant study isolating a naturally occurring 
mutation targeting splicing of  subgenomic RNA[68,69]. The 
emergence of  these variants may potentially contribute to 
occult HBsAg-negative HBV infection[70].

Mutations have further been detected in the pre-S1 
or pre-S2 regions of  the HBV genome. Their clinical 
significance is as yet unknown, however. Since the preS1 
region appears to be important for the very first steps of  
viral infection[71,72], it is conceivable that variants affecting 
this region may also affect the biological phenotype of  the 
virus by altering its ability to bind or infect hepatocytes. 
A pre-S2 defective HBV variant has been associated with 
fulminant hepatitis B[73]. A cluster of  mutations in the 
S promotor (two deletions and a point mutation in the 
regulatory element CCAAT) isolated from a patient with 
fibrosing cholestatic hepatitis after HBV reinfection of  
the transplanted liver has been shown to result in virus 
retention and misassembly[74,75]. Furthermore, a recent 
study demonstrates evidence that patients with progressive 
liver disease have a higher frequency of  pre-S deletion[76]. 
HBsAg variants resulting in a defect or impairment in 
virion secretion have also been described in severe and 
fulminant hepatitis B[56,77]. 
 
Mutations conferring resistance to antiviral therapy 
In recent years polymerase gene mutants have been 
identified in patients treated with antiviral drugs, resulting 
in drug resistance, respectively[78]. Lamivudine, a nucleoside 
analogue, is a potent inhibitor of  HBV replication and 
is clinically used as an antiviral for the treatment of  
chronic hepatitis B and advanced HBV-induced liver 
disease[11,12,79,80]. Adefovir is an alternative nucleotide 
analogue previously licensed for the treatment of  chronic 
hepatitis B[9,10]. Other nucleoside analogues currently under 
clinical investigations include entecavir, emtricitabine, 
clevudine and telbivudine[16,78]. Several of  these drugs act 
as chain-terminators during the synthesis of  the nascent 
DNA strand, thereby terminating viral replication[16]. Other 
nucleoside or nucleotide analogues such as adefovir and 
entecavir interfere with priming and minus-strand DNA 
elongation[16]. Adefovir and-to a lesser extent-lamivudine 
also target initial plus-strand DNA repair[81]. 

The selection of  drug resistant mutants depends 
on several factors. As the viral polymerase is subjected 
to a spontaneous error rate, viral mutants accumulate 
during the natural course of  the disease. When an 
antiviral pressure is applied, the mutations exhibiting 
the best replication capacity in the presence of  the drug 
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are selected. The mutant spread depends on its level of  
intrinsic resistance and on its replicative fitness[16]. This 
may explain in part why the peaks of  drug resistance 
observed with lamivudine (23% at year one and up to 65% 
at year five of  treatment[82,83]) and with adefovir dipivoxil 
(2% at two years and 3.9% at three years of  treatment[84,85]) 
are different. 

These mutant viral genomes are characterized by 
selective amino acid changes in various domains of  the 
HBV reverse transcriptase/polymerase. In particular, 
lamivudine resistance has been extensively studied. The 
reverse transcriptase polymerase of  HBV and HIV share 
a common and highly conserved tyrosine, methionine, 
aspartate, aspartate (YMDD) nucleotide-binding motif  
in the catalytic domain of  the enzyme. Similar to the 
development of  lamivudine-resistant HIV mutants, 
lamivudine treatment of  patients with chronic HBV 
infection results in drug-resistant strains, characterized by 
YMDD to YIDD (tyrosine, isoleucin, aspartate, aspartate; 
“M204I”) or YVDD (tyrosine, valine, aspartate, aspartate; 
“M204V”) mutations in the catalytic C-domain of  the 
reverse transcriptase[16,86]. Interestingly, the mutant genomes 
exhibited lower levels of  replication when compared 
with wild-type genomes[87]. Further studies identified 
additional mutations in the neighboring B domain 
(V173L and L180M[88]). Interestingly, these mutations can 
restore partially the replication capacity of  the C-domain 
mutations[88]. 

In contrast to lamivudine, viral resistance to adefovir 
appears to be mediated pre-dominantly by a mutation in 
the D-domain[84]. The N236T mutation confers only a 
5-10-fold resistance to adefovir[84], which may explain the 
delayed emergence of  this mutant[16]. Another mutation 
A181V located in the B-domain has been described[16]. 
Three recently isolated cases of  primary adefovir resistance 
were due to a mutation comprising I233V. Interestingly, 
the viral variants containing this mutation were sensitive to 
tenofovir[22]. Drug resistance due to viral mutations in the 
reverse transcriptase/polymerase represents an important 
clinical issue in the management of  chronic hepatitis B and 
may ultimately require the development of  novel treatment 
approaches including the combination of  various antiviral 
strategies[16,78]. 

In summary, a large variety of  HBV mutations 
associated with various pathological conditions as well 
as drug resistance have been isolated and described in 
detail[15]. Studies in vitro as well as in vivo have defined 
the functional relevance of  several viral mutants. 
Furthermore, these studies provided important clues for 
the understanding of  the impact of  these mutants on the 
pathogenesis of  disease and the molecular characterization 
of  drug resistance. Functional studies of  mutants in 
established and emerging HBV in vivo models[89] may 
ultimately allow confirmation of  the relationship between 
defined mutations and their clinical relevance[15]. 

MECHANISMS OF HBV-INDUCED LIVER 
DISEASE: APOPTOSIS
The induction of  apoptosis is a hallmark of  many viruses 

infecting humans. Although HBV is considered as a non-
cytopathic virus[14], hepadnavirus-induced apoptosis 
and cytopathic effects have been described in several 
experimental model systems: First, a duck hepatitis B 
variant containing a single amino acid change in the large 
surface antigen resulting in accumulation of  cccDNA 
resulted in a strong cytopathic effect in hepatocytes in vitro 
and in vivo[90-92]. In this system, the level of  viral replication 
and cccDNA formation correlated with cytopathic effects 
in infected hepatocytes[90]. Second, intracellular retention of  
the HBV large surface protein has been shown to induce 
apoptosis in cell lines[93,94]. In this model overexpression of  
the large surface antigen resulted in cellular vacuolization 
and apoptosis of  transfected hepatoma cells[94]. Third, the 
HBX protein has been suggested to induce apoptosis in 
both a p53-dependent and p53-independent manner[95-97]. 
Exploring the mechanism of  these previous observations, 
a recent study has elegantly demonstrated that HBX 
interacts with c-FLIP, a key regulator of  the death-
inducing signaling complex[96]. Recruitment of  c-FLIP to 
the death-inducing signaling complex is inhibited by HBX 
resulting in hyperactivation of  caspase-8 and caspase-3 by 
death signals[96]. Finally, a viral variant containing two core 
promoter mutations associated with fulminant hepatitis 
has been shown to induce apoptosis in primary Tupaia 
hepatocytes[20]. Interestingly, in the latter model induction 
of  apoptosis was independent of  viral replication 
suggesting that viral protein synthesis was sufficient for 
the virus-induced hepatocyte cell death. Since the two core 
promoter mutations resulted in two amino acid changes 
of  the HBX protein, the HBX protein may be a potential 
candidate mediating this effect[20]. Further studies in animal 
model systems are needed to elucidate the impact of  HBV-
induced apoptosis for HBV-induced liver injury[20]. 

IMMUNOPATHOGENESIS OF HBV 
INFECTION
Apart from direct biological effects of  viral variants 
(Table 1) there is growing consensus that the host immune 
response, especially the virus-specific T cell response[98], is 
the key determinant influencing the course of  disease and 
the onset of  liver disease.

Successful immune response. 
A genomic array analysis using liver RNA obtained at 
multiple time points after HBV infection in chimpanzees 
demonstrated that HBV did not induce any genes during 
entry and expansion[99], suggesting it is a stealth virus early 
in the infection. In contrast, a large number of  T cell-
derived IFN-gamma-regulated genes were induced in the 
liver during viral clearance[99], reflecting the impact of  an 
adaptive T cell response that inhibits viral replication and 
kills infected cells, thereby terminating the infection. These 
results are in agreement with several studies performed 
in acutely infected patients suggesting an important role 
of  the adaptive T cell response[98,100-105]. Indeed, several 
studies have shown that the peripheral blood cytotoxic 
T lymphocyte (CTL) response to HBV is polyclonal and 
multispecific in patients with acute viral hepatitis and that 
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it persists indefinitely after recovery, when it is maintained 
by continued antigenic stimulation by residual virus that 
persists, apparently harmlessly, in healthy convalescent 
individuals[106]. In contrast, the CTL response to HBV is 
relatively weak in patients with chronic HBV infection, 
except during spontaneous disease flares or interferon 
(IFN) induced recovery, when it is readily detectable[101,104]. 
These earlier studies have been confirmed by using new 
techniques, such as the tetramer technology. By using 
this approach, Maini et al[100] could, for example, show 
that multispecific HBV-specific CD8+ T cell responses 
are detectable during the acute phase of  self-limited 
infection and decline thereafter. Of  note, a recent study 
could also demonstrate that HBV-specific CD8+ T cells 
accumulate in the infected organ, i.e., the liver, where they 
remain detectable at high frequencies even after HBsAg 
seroconversion[107]. 

S tud ies in the HBV t ransgen ic mouse mode l 
revealed that, in addition to causing viral hepatitis, virus-
specific T cells as well as NK and NKT cells can abolish 
HBV expression and replication without killing the 
hepatocytes and that this antiviral activity is mediated 
by interferon gamma (IFNγ) and tumor necrosis factor 
alpha (TNFα)[104,108,109] (Figure 1). Importantly, studies in 
the chimpanzee model indicated that the same events are 
operative during natural infection. Indeed, in these studies 
it was shown that the early phase of  HBV clearance 
was temporally associated with the appearance of  CD3, 
CD8 and IFNγ in the liver, which reflects the influx of  
T cells into the liver[110]. Of  note, there was only limited 
liver disease during this time although almost 100% 
of  hepatocytes were infected, clearly suggesting that 
noncytopathic mechanisms were active during this early 
phase of  viral clearance. In contrast, the final elimination 
of  the virus that occurred several weeks later occurred 
in the presence of  significant liver disease, indicating the 
presence of  cytopathic effector functions that are probably 
mediated by virus-specific T cells[110]. 

To determine which subset of  T cells is responsible 
for viral clearance and liver disease, the course of  HBV 
infection in chimpanzees that were depleted of  its CD4+ 
or CD8+ cells was monitored[111]. Depletion of  CD4+ 
cells did not significantly alter the course of  infection. 
In contrast to the minor effects observed during CD4-
depletion, CD8-depletion greatly prolonged the infection 
and delayed the onset of  viral clearance and liver disease 
until CD8+ T cells reappeared in the circulation and virus-
specific CD8+ T cells entered the liver[111]. Indeed, in the 
absence of  CD8+ cells, the duration of  peak infection was 
prolonged and the time of  onset of  the initial decrease 
in HBV DNA levels and increase in serum ALT activity 
was delayed. In addition, the time required for both the 
first phase of  viral clearance and for the final elimination 
of  the virus was markedly delayed and prolonged in the 
CD8-depleted animal. It is important to note that the 
reappearance of  CD8+ cells correlated with the appearance 
of  IFNγ producing virus-specific CD8+ T cells in the 
liver, the onset of  a mild liver disease, the appearance 
of  IFNγ mRNA in the liver and a 50 fold reduction in 
total liver HBV DNA[111]. These results suggest that HBV 

replication is inhibited early and non-cytopathically in a 
CD8 dependent and probably IFNγ associated manner. 
The final elimination of  the virus occurred several months 
later and was associated with a rebound of  CD8+ cells 
to baseline levels, a surge of  the intrahepatic CD8+ T 
cell response, a surge in intrahepatic IFNγ mRNA and a 
surge in sALT activity. Thus, these results demonstrate 
that intrahepatic HBV-specific CD8+ T cells are required 
for rapid viral clearance during acute HBV infection. In 
addition, the data suggest the existence of  dual antiviral 
functions that overlap temporally during natural infection 
but can be clearly separated by CD8 depletion: a primarily 
noncytolytic CD8+ dependent mechanism that may be 
mediated by IFNγ and a primarily cytolytic mechanism 
that clears the remaining infected cells. It is also important 
to note that virus-specific CD8+ T cells display oscillating 
effector functions during the course of  infection that seem 
primarily influenced by the interaction of  the T cells with 
the antigen-presenting cells[112,113]. 

T cell failure 
In contrast to the strong and multispecif ic T cel l 
responses observed during acute self-limited HBV 
infection, patients with chronic hepatitis B tend to have 
weak and narrowly focused immune responses[98]. The 
mechanisms that contribute to the failure of  the virus-
specific T cell response in chronically infected patients are 
only poorly understood and may include T cell deletion, 
anergy, exhaustion, ignorance and T cell dysfunction. 
HBV establishes chronic hepatitis mainly by vertical 
transmission from HBV infected mothers to neonates. 
The immunomodulatory effects of  the HBeAg might play 
a role in this setting since it has been shown to be tolerable 
to T cells in transgenic mice. An important mechanism 
for the development of  viral persistence in adults may 
be the development of  viral escape mutations. Of  note, 
mutational inactivation of  B-cell and T cell epitopes 
has been demonstrated in chronic HBV infection but 
it seems to occur much less compared to the hepatitis 
C virus[101,104,114]. Little information is currently available 
about the intrahepatic T cell response during chronic HBV 
infection. Of  note, one study showed functional, tetramer 
positive CD8+ T cells in the blood and the liver of  
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Figure 1  Cytopathic and non-cytopathic T cell responses against HBV infection.
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chronically HBV infected patients. However, the number 
of  intrahepatic HBV-specific, tetramer-positive T cells did 
not differ between HBeAg negative patients with normal 
ALT levels and HBeAg positive patients with increased 
ALT levels, even though the intrahepatic cellular infiltrate 
was greater in the latter group[115]. These results suggest a 
differential contribution of  HBV-specific and HBV non-
specific bystander lymphocytes in the pathogenesis of  
chronic hepatitis. T cell dysfunction might also contribute 
to viral persistence. For example, Reignat et al[116] have 
shown that HBsAg-specific CD8+ T cells display abnormal 
HLA/ peptide tetramer binding properties in contrast to 
HBcAg-positive CD8+ T cells. A high viral load may be 
one important factor that contributes to T cell failure. In 
this regard, it is important to note that antiviral treatment 
can overcome CD8+ T cell hypo-responsiveness in subjects 
with chronic HBV infection, suggesting that the T cells are 
present but suppressed[117,118]. First evidence suggests that 
next to high viral loads and a lack of  virus-specific CD4+ 
T cell help, regulatory T cells may contribute to this T cell 
suppression[119,120]. Clearly, additional studies are required to 
better understand the complex host-virus interactions that 
determine the outcome of  HBV infection. 

CONCLUSION
Virus-host interactions, especially the virus-specific T 
cell response, are the key factors accounting for the 
pathogenesis of  HBV infection. Viral variants may 
influence the course of  disease and deserve special 
attention in the setting of  antiviral therapy, immune escape 
and reactivation during immunosuppressive therapy.
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