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I. Key points

1) New developments in the field of HBV infections

· Development of new genotyping technologies to better monitor the course of the disease and its treatment

· Clear demonstration that HBV genome persistence may be responsible for virus escape or reactivation, despite apparent favorable outcome (undetectability by PCR in serum)

· cccDNA clearance and/or control depends on hepatocyte turn over and host immune response

· Treatment failure is due to the emergence of drug resistant viruses

· Requirement for polymerase mutant detection and determination of drug susceptibility profile

· All these developments lead to new concept of anti-HBV therapy : combination of drugs without cross-resistance

2) New developments in the field of HCV infections

· Importance of the host response in the clearance of HCV infection

· Role of the host response in the development of liver disease

· Persistence of HCV infection despite negative PCR ; requirement for better molecular tools to diagnose spontaneous or treatment induced viral clearance

· New treatment perspectives with the replicon system : determination of the mechanism of resistance to IFN and specific inhibitors

New concept of anti-HCV therapy : combination of drugs without cross-resistance

· II. Background

The use of sensitive and quantitative PCR based assays has changed the management of chronic hepatitis B and C infections. 

However, with the recent data obtained from clinical studies and experimental investigations performed in animal models, the role of the host immune response in the control of viral infection and the possibility of virus persistence despite a favorable outcome have been well characterized. 

We are reviewing here some of these aspects which may have a major clinical impact. 

III. HBV infections

1) Viral genotypes

HBV genome variability may be involved in both the disease severity or the more rapid progression of liver fibrosis. Furthermore, it has been shown to be involved in virus escape from different antiviral pressure.

Viral genotypes can be determined accurately by viral genome sequencing or specific hybridization assays such as the LiPA or the DNA chip technology. The link between viral genotypes and the severity of liver disease has been debated. Some studies showed that the outcome of acute infection may depend on viral gentoypes. In chronically infected patients, several studies have suggested that genotype B infection may be associated with a less severe progression of the disease, ie hepatocellular carcinoma, compared to genotype C. In a recent cohort study of 308 HIV-HBV co-infected patients, it was shown that patients infected with genotype G have a significantly higher risk of having a fibrotic liver disease. Furthermore, the results of clinical trials, have shown that the antiviral response to nucleoside analogs  is independent of viral genotypes , by contrast to IFN response which seems to tightly depend on HBV genotypes : patients infected with genotype B respond better than those infected with genotype C, and those infected with genotype A respond better than those with gentoype D (8, 18). 

2) Viral persistence

The use of sensitive and quantitative PCR assays for the monitoring of chronic HBV infections and antiviral therapy has provided a significant improvement in patients management. However, it was shown by several studies performed in animal models of hepadnavirus infection and in patients with chronic hepatitis B that HBV genome may persist in the liver in the form of viral cccDNA, despite the undetectability of HBV DNA in serum. The mechanism of cccDNA clearance have been debated as this may involve infected hepatocyte turn-over but also non cytolytic immune response (4, 14). Persistence of intrahepatic viral cccDNA was demonstrated in patients undergoing antiviral therapy, and even in patients who cleared HBsAg (17). This may explain the cases of spontaneous or immunosuppression-induced viral reactivation. This clearly indicates that to avoid rebound in viral replication,antiviral therapy should be prolonged until the residual cccDNA is controlled by the immune system. 

The host immune response is required to control viral replication. The results of several studies have shown that HBV does not induce any genes during entry and expansion, suggesting it is a stealth virus early in the infection. In contrast, a large number of T cell-derived IFN-gamma-regulated genes are induced in the liver during viral clearance, reflecting the impact of an adaptive T cell response that inhibits viral replication and kills infected cells, thereby terminating the infection (16, 19).
3) Treatment response and failure

As mentioned earlier, due to the slow kinetics of viral cccDNA clearance, prolonged antiviral therapy is required to control viral replication on the long-term (20). Due to the spontaneous HBV genome variability this may lead to the emergence of drug resistant mutants. The available tools allow to make an accurate diagnosis of viral drug resistance by showing a significant increase in serum viral load (by at least one log10 copies/mL compared to the lowest on-treatment values) and the presence of mutations in the viral polymerase gene. However, these assays do not provide information on the drug susceptibility and cross-resistance profile of the clinical isolates circulating in patients with treatment failure. This may become a critical issue when more nulceoside analogs will be available for the treatment of chronic hepatitis B as patients will experienced with multiple drugs and HBV variants may harbor more and more complex patterns of polymerase mutations. In this view, phenotypic assays have been developed in order to study, in vitro in tissue culture, the replication capacity and drug susceptibility of viral strains circulating in patients (1). This allowed to characterize the first cases of resistance to adefovir and multiple drug resistance. The drug susceptibility data obtained from these studies will help clinicians to adapt antiviral therapy to the virological situation of each patient. 

IV. HCV infections

There is a large body of evidence showing the clinical impact of HCV genotype and viral load determination for the management of antiviral therapy of chronic hepatitis C. 

1) Control of viral infection by the host immune response

The role of immunological determinants in HCV clearance, persistence, and disease has been studied in detail in various experimental or clinical models using either tools of cellular immunology or genomic analysis. It was shown that HCV spread outpaces the T cell response and that HCV rapidly induces but is not controlled by IFN-alpha/beta. Furthermore, it was shown that viral clearance follows the entry and accumulation of HCV-specific IFN-gamma-producing T cells in the liver (13, 15). Interestingly, in these in vivo models, viral clearance may not require the destruction of infected cells. It will be interesting to see if the new in vitro assays to evaluate neutralizing antibodies will show clinical significance, especially in patients who present a spontaneous or treatment induced viral clearance (9).

2) HCV persistence and occult infections

Recently, it was suggested that HCV genome may persist in patients with sustained viral response, despite its undetectability in the serum by PCR. HCV RNA was shown to persist in liver, and peripheral blood cells such as macrophages and lymphocytes for up to 9 years after successful antiviral therapy (11, 12). This suggests the role of the host immune response in the sustained control of HCV replication. These findings may be consistent with those of large trials of IFN and ribavirine that showed that 7 out of 170 patients with sustained response had detectable HCV RNA in liver 24 weeks after end of therapy. Noteworthy, of those 7 patients, two had a serological relapse 3-4 years later (10). 

These occult HCV infections may have additional implications, such as the persistence of HCV specific CD4 and CD8 T cell populations long time after SVR or natural clearance (2). Furthermore, HCV persitence despite apparently successful antiviral therapy may explain the rare cases of HCV recurrence following liver transplantation in patients who had SVR prior to transplantation (3). 

The long-term biological and clinical significance remains to be seen but it warrants further clinical evaluation. In any case, these data strongly suggest the requirement for even more sensitive assays for the detection of HCV RNA in the clinical setting to evaluate viral clearance. 
3) Treatment perspectives 

Currently, one of the major treatment issue is the understanding of IFN failure and the development of new strategies to overcome IFN non response, while awaiting for newer HCV inhibitors. Many recent studies have been performed in the HCV replicon system and should pave the way for future clinical studies to overcome IFN resitance (5-7). This aspect will be developed in Dr Katze’s presentation. The replicon system may also help the development of specific HCV protease or polymerase inhibitors. 
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Figure 1: mechanisms of viral clearance in HBV infection
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Figure 2 : mechanims of viral persistence and virus escape in HBV infection (Zoulim, Antiviral Research, 2004). 
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Figure 3 : HBV drug resistant mutants, and the position of the resistance mutations on the viral polymerase gene
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Figure 4 : HBV cross-resistance testing : phenotypic analysis of HBV clinical isolates (Zoulim, J Clin Virol, in press)
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