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Introduction n 





Vira ll  hepatiti s 
Hepatitiss is an inflammatory disease of the liver and can be caused by 
chemicals,, metabolic disorders, alcoholic abuse or infections by 
hepatotropicc viruses. Six different hepatotropic viruses have been 
identifiedd until today: HAV, HBV, HCV, HDV, HEV, and HGV. All these 
viruses,, except HGV (84; 103), may cause a viral hepatitis infection of 
whichh the clinical symptoms, if present, are rather similar: fatigue, 
anorexia,, gastrointestinal complaints, jaundice and liver enlargement. 
HBVV (79), HCV (65) and HDV (64) may evolve into chronic hepatitis, 
cirrhosiss of the liver (tissue scaring) and hepatocellular carcinoma (HCC). 
Thee other two viruses, hepatitis A and E, cause acute, self limited disease 
only.. A short overview of the differences of the six hepatitis viruses is 
shownn in Table 1. 

virus s classificationn genome infection n modee of 
transmission n 

HAV V picornavirus s 

HBV V hepadnavirus s 

single--
stranded d 
RNAA (7.5 kb) 
partially y 
double--
stranded d 
DNAA (3.2 kb) 

acute e 
resolved d 

acute e 
chronic c 

fecal-oral l 

parenteral l 
sexual l 

HCV V flavivirus s single--
stranded d 
RNAA (9.0 kb) 

acute e 
chronic c 

parenteral l 

HDV V satellitee virus single-
stranded d 
circularr RNA 
(1.77 kb) 

acute e 
chronic c 

parenteral l 

HEV V calicivirus s single--
stranded d 
RNAA (7.3 kb) 

acute e 
resolved d 

fecat-oral l 

HGV V flaviviruss single- acute : parenteral 
strandedd chronic sexual 
RNAA (9.0 kb) 

Tablee 1 . Characteristics of the different hepatitis viruses 

Histor y y 
Virall hepatitis, in the past also known as epidemic jaundice, has been 
recognizedd since ancient times (63). It was already described by 



Hippocratess about 2500 years ago, and mentioned in the Babylonian 
Talmudd in the fifth century B.C. 

Ass a result of transmission experiments in human volunteers in the 
1940's,, two types of hepatitis with different incubation periods were 
recognized:: an infectious type, since the seventies called hepatitis A, that 
wass thought to be transmitted by fecal-oral route, and a serum 
transmittedd type, later called hepatitis B, that was thought to be 
transmittedd by inoculation of blood or blood products only. 
Thee discovery of the Australia antigen by later Nobel Prize winner 
Blumbergg was of historical significance for the knowledge about hepatitis 
BB (15). In 1964 Blumberg studied precipitating antibodies in people who 
hadd received many transfusions, when he detected an antibody in the 
serumm of a hemophiliac patient that reacted with one out of 24 sera. This 
serumm originated from an Australian aboriginal and Blumberg termed the 
antigenn the "Australia antigen". Subsequently he showed that this 
antigenn frequently occurred in the serum of leukemia patients who had 
receivedd many transfusions. Later, the development of acute clinical 
hepatitiss in a laboratory technician who was working with the isolation of 
Australiaa antigen provided the essential link to the clinical illness (16). 
Inn 1970 Dane showed that the Australia antigen was part of the "Dane 
particle",, a double layered 42 nm structure that later turned out to be the 
completee hepatitis B virus (32). 

Thee close relationship between HBV infection and hepatocellular 
carcinomaa (HCC) was established in the early seventies (17) and 
hepatitiss B vaccines were introduced in the early eighties (145). 

Epidemiolog y y 
Onee third of the global population has been acutely infected with hepatitis 
B;; less than 1 % of patients with acute infection will develop fulminant 
hepatitiss (81). Chronic HBV infection occurs in 5% of the human 
populationn (95), and more than 75 percent of those affected are of Asian 
originn (95;96). The disease is endemic Asia and Africa, where the virus is 
transmittedd from mother to newborn or between close contacts in early 
childhoodd (7;141;163). Chronic hepatitis B accounts for 5-10% of the 
casess of chronic liver disease and cirrhosis in the United States (2). 
Chronicallyy infected persons with viral replication are at highest risk for 
progressivee liver disease (34). 
Chronicc HBV infection can cause cirrhosis, liver cancer, and death (9;82). 
Virall and host factors, such as age, immunosuppression, and sex 
contributee to the patient out-come (43;81;86). The calculated lifetime 
riskk of death from HCC or cirrhosis in chronic carriers is 25-40% 
(6;91;96).. About 1 million people die annually due to chronic liver 
diseasee and HCC caused by hepatitis B (42;113;152). In Asian men with 



chronicc infection cirrhosis and hepatocellular carcinoma count for more 
thann 50 percent of deaths (9). 

HBVV is transmitted by sexual contact and by parenteral exposure, 
althoughh it is thought that mother-to-child perinatal transmission and the 
establishmentt of a life-long highly infectious carrier state are responsible 
forr the high rates of endemicity in high prevalence regions such as South 
andd East Asia, sub-Saharan Africa and among indigenous people in 
Centrall and South America. 

Genotypes Genotypes 
Att least 6 HBs genotypes (A-F) and even more serotypes are known. All 
off the genotypes have conserved determinants of the hepatitis B surface 
antigenn (HBsAg) in common, an important pre-condition for an anti-HBs 
inducingg vaccine to be efficient world-wide. The different HBsAg subtypes 
havee been identified, and it is clear that they have an unequal 
distributionn throughout the world (31;39;44;97;168). The genotypes 
differr from each other by nucleotide sequence distances of 10-13%. 
Genotypess A and D have global distributions, genotypes B and C are 
foundd predominantly in East and South East Asia, genotype E is 
predominantt in West Africa, and the most divergent genotype F is found 
exclusivelyy amongst indigenous people in Central and South America 
(3;108). . 

RelatedRelated viruses 
Humann HBV is the prototype for a family of viruses, referred to as 
Hepadnaviridae.Hepadnaviridae. Those most closely related to HBV have been found in 
woodchuckss (WHV) (144) and ground squirrels (GSHV) 
(92;; 130; 149; 150). These viruses have about 70% sequence homology to 
HBVV but are not known to infect humans or other primates; in contrast, 
HBVV is infectious for the great apes. The human genotypes of HBV would 
havee originated from a common ancestor 2300-3100 years ago. Primate 
andd rodent HBV variants diverted about 110 million years ago (137). 
Becausee of similarities in DNA sequence and genome organization, the 
virusess infecting mammals are grouped in the genus Orthohepadnavirus. 
Moree distantly related viruses, with similar genome organization but 
almostt no sequence homology, are found in ducks and geese 
(93;139;77).. These are grouped in the genus Avihepadnavirus. Duck 
hepatitiss virus (DHBV) has often been used as a model system to 
characterizee how hepadnaviruses replicate, rather than as a disease 
model,, since chronic DHBV infection has generally been studied after in 
ovoo transmission. These viruses all share homology in genome 
organization.. For all members of this virus family, hepatocytes, the 



principlee cell type of the liver, are the only confirmed site of replication 
(132). . 

Disease e 
HBV,, like the other hepatitis viruses, infects the liver. Infection results in 
jaundice,, an orange-yellow discoloration of the skin. This is caused by the 
depositionn of elevated levels of bilirubin in the blood, resulting from faulty 
excretionn of bile pigment by damaged hepatocytes (63). Infection with 
HBVV can result in acute or chronic infections, but the factors that 
determinee whether an HBV infection becomes chronic are not yet 
completelyy understood. 

AcuteAcute infections 
Thee majority of hepadnavirus infections (90-95%) in adults are transient, 
whilee 90% of perinatal infections are chronic (140). Hepadnavirus 
infectionss generally run a course of 1 to 6 months, including an 
asymptomaticc incubation period, often accompanied by high-titer viremia 
(upp to 1010 per ml), which might last several weeks. During this period, 
thee immune system is either unable or activated to gain control of the 
infection,, and the entire hepatocyte population of the liver may be 
infected.. The lack of symptoms in HBV-infected patients for the first few 
weekss suggests that activation of the immune response is delayed. Thus, 
thee virus may spread from only a few hepatocytes to involve the entire 
hepatocytee collection of the liver (4;14;56;66;68;70;119). The virus is 
thenn rapidly cleared from the serum, often in a few weeks, with either 
coincidentt or delayed clearance of infected hepatocytes from the liver 
(Figuree 2). 
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Figur ee 2. Serologic profile of 75 to 85% of patients with acute HBV infection. 



ChronicChronic infections 
Chronicc infection is defined as the persistent presence of HBsAg in the 
serumm of an individual for 6 months or longer (42) and it may encompass 
aa broad spectrum of virologie and pathogenic states. One of the reasons 
forr chronic HBV infections is that the virus causes chronic, noncytocidal 
infectionss of hepatocytes. Hepatocytes continuously shed virus into the 
bloodstream,, ensuring that the complete hepatocyte population is 
infected.. Also, hepatocytes are normally long-lived, with half-lives 
estimatedd at 6 to 12 months or longer. Chronic infection begins when the 
immunee response that normally clears the infection fails to take place or 
iss too weak to be effective (Figure 3). Infections are almost always 
chronicc following exposure of children younger then 1 year or of 
immunocomprisedd individuals. The majority of untreated carriers, who 
weree infected early in life, do not die of liver disease or liver cancer and 
indeed,, cancer incidence may decline as carriers age (8). Chronic 
infectionss also occur in otherwise healthy adults. Chronic patients 
infectedd as adults often have the most severe and progressive liver 
diseasee (98). 
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Figur ee 3. Serologic profile of chronic HBV carriers. Left panel: without anti-HBe 
seroconversion,, right panel: with anti-HBe seroconversion. 

Thee prognosis for many chronic carriers of HBV who were infected with 
HBVV as adults is poor. About 10 to 25% will die of either liver cancer or 
cirrhosis.. The interval between initiation of the HBV infection and the 
peakk incidence of HCC is 30 to 50 years (8). During the course of chronic 
HBVV infection, natural seroconversion to anti-HBe usually correlates with 
cessationn of high levels of viremia and clinical recovery. However, in 
areass with a high HBV prevalence, a significant number of anti-HBe-
positivee patients remain at high level viremia and eventually go on to 
developp severe and progressive disease (25;29;60;105;123). There is 
evidencee that patients with this type of chronic hepatitis B is generally 
duee to mutations in the precore region, resulting in defective HBV 
variantss unable to produce HBeAg. Anti-HBe-positive chronic hepatitis B 
iss the prevalent form of chronic hepatitis B in the Mediterranean 
countriess and Japan (24;78)., are at high risk for the development of 
progressivee liver disease and cirrhosis. 
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Inn chronically infected cells, HBV may become partly cytopathogenic and 
thee viral DNA may integrate into the host cell DNA (through a viral 
transcriptase)) (53). It has been suggested that this integration is 
essentiall for carcinogenesis through the activation or suppression of 
severall genes (135). The presence of only free viral DNA without 
integratedd sequences, as observed in the chronic carrier state, has not 
beenn reported for HCC. Virus replication, as well as virus gene 
expression,, are generally absent in the poorly differentiated hepatocytes 
off advanced tumors (62). 

HIVHIV coinfection 
HBVV and HIV share the same routes of transmission and thus coinfection 
off both viruses occurs quite often. The prevalence of chronic carriage of 
HBsAgg among HIV-infected individuals is reported to vary from 1.9% to 
20%% (33;53;109;122;142). Coinfection with HIV has not only been 
associatedd with high rates of chronic HBV carriage, but also with a 
diminishedd inflammatory response (67;88;126). Up to 77% of HIV-1 
infectedd homosexuals and up to 82% of HIV-1 infected intravenous drug 
userss have antibodies against the hepatitis B core antigen (HBcAg), a 
markerr for past or present HBV infection (45;51;71). Studies performed 
beforee the advent of highly active antiretroviral therapy (HAART) showed 
thatt HIV infection was associated with a higher rate of HBeAg in the 
blood,, a lower rate of anti-HBe-positivity, and a low rate of clinically 
significantt chronic active hepatitis B (67;88;126). After initial infection, 
bothh development and persistence of chronic HBV infection are greater 
amongg people with prior HIV-1 infection (18;51). Furthermore, higher 
HBVV load (51) and reactivation of HBV infection in chronic carriers who 
havee lost detectable serum HBeAg (80; 156; 157) are described for people 
withh HIV-1 coinfection. Other studies have suggested that in anti-HIV-
positivee patients, HBV replication may not be different or enhanced as 
comparedd with anti-HIV-negative patients (18;79;88). 
Thee introduction of HAART has led to a reduction in HIV-related morbidity 
andd mortality (112), and more individuals are consequently at risk of 
long-termm HBV-related complications since the spectrum of clinical 
manifestationss of hepatitis B infection is determined by the host immune 
responsee to the virus (81). Immune reconstitution with HAART has been 
reportedd to shift the spectrum of disease toward an enhanced 
inflammatoryy response to hepatitis B followed by decreased viremia and 
seroconversionn (27). 

Therap y y 
Currently,, two approved therapeutic agents for chronic HBV which have 
beenn extensively studied are alpha interferon and lamivudine. Both 
shouldd prevent liver fibrosis, but therefore long-term suppression of HBV 



iss needed. To prevent liver cancer, initiation of treatment before viral 
DNAA has been integrated into the majority of hepatocytes is likely to be 
necessary,, since treatment cannot affect the viral DNA that has already 
beenn integrated (110). 

Interferon Interferon 
Alphaa interferon has been used for more than a decade. It probably acts 
directlyy to suppress virus replication within hepatocytes by inducing the 
degradationn of viral mRNAs (54) and indirectly to stimulate the immune 
system.. Patients with an active liver disease due to their immune 
responsee to HBV are the best candidates for successful therapy with 
alphaa interferon (23; 116; 162). Response rates to interferon are rather 
low:: in interferon treated subjects, the loss of HBeAg and HBV DNA 
occurredd in only 33% and 37% respectively, compared with 12% and 
17%% of control subjects (162). A probable reason for the failure of alpha 
interferonn therapy in most carriers is that their ongoing immune response 
too the infection is quite low (87). 

Lamivudine Lamivudine 
Lamivudinee is an oral nucleoside analogue, which potently inhibits HBV 
replicationn (36;37;76;106;148). Lamivudine rapidly suppresses serum 
HBV-DNAA levels and reduces necroinflammatory activity in patients with 
HBeAg-positivee chronic hepatitis (75). It is known to block in vitro and in 
vivoo the reverse-transcription process of HBV in hepatocytes (143). After 
beingg incorporated into the growing DNA chain, lamivudine, like other 
nucleosidee analogues, terminates replication by acting as a chain 
terminator,, and thus inhibits the synthesis of the negative DNA strand 
fromm pregenomic RNA. Unfortunately, nucleoside analogues are capable 
onlyy of blocking replication of the intermediates and have limited efficacy 
att eliminating the source of replication (the intrahepatic levels of cccDNA) 
andd on transcription of HBV-specific RNA from the cccDNA. This accounts 
forr the rapid renewal of viral replication after drug withdrawal and the 
lackk of influence of lamivudine on HBsAg expression (75). Sustained 
responsess were more likely in lamivudine treated patients with initially 
loww HBV DNA levels and high ALT levels (36). Lamivudine was active in 
patientss who had no response to interferon therapy and in subgroups 
thatt rarely respond to interferon (115; 117). 

HIVHIV coinfection 
Thee escalating HIV epidemic regions with high background prevalence of 
chronicc HBV infection eg Asia (40;58), will substantially expand the pool 
off people with HIV-1/HBV coinfection. Therefore, an agent with dual 
efficacyy against HIV-1 and HBV in combination with at least one other 
antiretrovirall agent could provide a cost-effective approach to 



managementt of these two chronic viral infections, even in many 
resource-limitedd countries. Several studies have demonstrated the 
efficacyy of lamivudine on HBV in HIV-infected patients (10;11;41; 127). 
Inn immunocompetent HBV infected patients, administration of lamivudine 
resultss in HBeAg seroconversion rates of between 14% and 16% at 1 
yearr (38;75) and 27% at 2 years and these rates continue to rise with 
increasingg duration of therapy. 
Lamivudinee displayed dual efficacy in the HIV-1/HBV-coinfected 
populationn through both delayed HIV-1 disease progression and a 
favourablee biochemical and HBV virologie response. Among patients with 
HIVV infection and chronic hepatitis B, lamivudine rapidly reduced HBV 
DNAA to undetectable levels (10;41). In one study, 12 months of 
lamivudinee therapy produced HBV DNA and HBeAg losses of 40% and 
20%,, respectively (41). These rates contrasts with earlier studies of 
lamivudinee therapy among HIV-hegative chronic HBV carriers, in which 
nearlyy 100% of people had loss of HBV DNA within 1-4 weeks of initiation 
off therapy at doses of >100 mg (36;75;76). These differences may be 
causedd by the use of different HBV DNA detection methods, or other 
factors,, such as higher HBV DNA levels in association with HIV-related 
immunodeficiencyy (51) or the relative absence of immune-mediated 
supportt for the anti-HBV action of lamivudine in people with HIV-1 
infection. . 

Resistance Resistance 
Despitee its strong antiviral effect, lamivudine as well as interferon, has a 
poorr long-term efficacy (124). Resistance to lamivudine occurs in about 
14-32%% of patients with chronic hepatitis B (12;75;83), and is associated 
withh mutations in the YMDD locus (1;5;107). This is the same region of 
thee viral polymerase that has been associated with HIV-1 resistance to 
lamivudine,, but resistance to lamivudine develops much more slowly in 
HBVV than in the case of HIV (19; 128). The mean period in which HBV 
resistancee to lamivudine occurred is 17 months (5;52;151). After 2 years 
off treatment, 50% of patients develop lamivudine-resistant HBV strains. 
Thee replication level of YMDD-mutated strains usually increases slowly 
afterr breakthrough and only sometimes reaches the pre-treatment level 
(151). . 
Wild-typee virus has an advantage over resistant variants, since it 
replacess resistant HBV rapidly after cessation of therapy (28; 107). YMDD 
mutationss associated with resistance to lamivudine involve the M552V 
andd the M552I mutation. Another frequently observed mutation is 
L528M.. It probably increases the resistance to lamivudine of the M552V 
mutantt and viral fitness of the M552I mutant (85;99;104;111;133). The 
M552II mutant may be more frequently selected among genotype D 
strainss (104). 



Predictionss of HBsAg structure places the YMDD motif in a region of 
HBsAgg that is embedded in the lipid envelope, and the resistance 
mutationss seem unlikely to affect antigenicity (83). 

OtherOther medicines 
Anotherr nucleoside analogue that has potent anti-HBV activity is 
famciclovir,, the oral prodrug of penciclovir. Famciclovir produces dose-
dependentt falls in HBV DNA levels in immunocompetent patients (89). 
Ann in vitro study of the lamivudine/penciclovir combination has shown its 
synergyy in inhibiting HBV replication, a finding suggesting that dual 
nucleosidee therapy may be superior to monotherapy (30). Famciclovir 
resistancee is less well-defined than resistance to lamivudine (134). A 
particularr feature of famciclovir therapy is the relatively high proportion 
off non response independently of mutations in the viral polymerase 
(118).. Several reports have described patients with lamivudine resistance 
failingg to respond to famciclovir therapy (161), although conversely 
patientss with resistance mutations whose famciclovir therapy fails may 
remainn susceptible to lamivudine (57; 118). Resistance may be 
acceleratedd if the L526 mutation is present (153). 
Lamivudine-resistantt variants of the HBV polymerase are sensitive to 
adefovirr (132), another nucleoside analogue inhibitor of viral DNA 
synthesis,, but trials of adefovir have been halted for HIV-infected 
patientss because of unacceptable high levels of renal toxicity, and 
entecavirr is still in phase I I trials (94). 

Quantificatio nn (Monitorin g of therapy ) 
Fromm 1982 onwards, methods for the detection of HBV DNA in serum 
usingg different techniques (PCR, bDNA, TMA, NASBA) were published and 
HBVV DNA in serum was proposed as an alternative marker of active HBV 
replicationn compared to antigen testing (13;129;159). Since then it is 
commonn to monitor treated patients by quantifying serum DNA loads, 
sincee serum concentrations of HBV DNA have proven to correlate with 
hepaticc inflammation (90;114;121; 166). The amount of serum HBV DNA 
cann also be used as a predictive marker. It was found that patients with 
loww HBV DNA loads were more likely to respond to interferon therapy. 
Alsoo sustained responses were more likely in lamivudine treated patients 
withh initially low HBV DNA levels and high ALT levels (36;47;120) and 
furthermoree the decline in HBV DNA levels during the first three months 
off lamivudine therapy can be used to predict occurrence of resistance 
(26).. So in future studies, the pre-treatment level of viral replication and 
thee kinetics of viral DNA decline of viremia below 104 copies/ml should be 
analysedd as a predictor of viral resistance (104). 



Thee hepatiti s B viru s 
Thee hepatitis B virion or Dane particle (32) has a spherical shape and a 
diameterr of approximately 42 nm. The envelope encapsidates an 
electron-densee 28 nm hexagonal core or nucleocapsid (32). Inside the 
coree particle the viral genome resides together with the HBV-specific DNA 
polymerase,, which is attached to the 3'-end of the plus-strand (48; 154). 
Thee genome consists of a partially double stranded circular DNA molecule 
off approximately 3.2 kb (Figure 3), of which 67% is multiply coding. 
Non-codingg regions of the genome may be involved in a variety of 
secondaryy structure interactions necessary for circularisation and 
transcriptionn (137). All mRNAs make use of the same polyadenylation 
signal,, thus the viral transcripts are heterogeneous at their 5'-ends and 
possesss a common 3'-terminus (100). The largest RNA is the pregenomic 
RNAA (pgRNA), which is used as template for reverse transcription in the 
virall core to produce the viral genome. The other open reading frames 
codee for the surface proteins (pre-Sl/pre-52/S), the core protein (pre-
C/C),, the HBV specific polymerase (P) and the X protein (X). 
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Figuree 3. HBV genome 

SurfaceSurface proteins 
Thee pre-Sl/pre-S2/S-gene contains the program for the three 
lipoproteinss that make up the viral envelope: the large pre-Sl protein, 
thee middle pre-S2 protein and the major S protein. These compounds 
containn the HBsAg and various pre-Sl and pre-S2 antigens. One virion 
containss 300-400 major surface protein molecules and 40-80 middle and 
largee protein molecules (61). The protein composition of filaments is 
identicall to that of the complete virion, while the composition of the 22 
nmm diameter empty spherical particles is quite different. 
Thee viral structure(s) responsible for the attachment of HBV to the host 
celll surface are not yet fully characterized, except that they are most 
probablyy located in the pre-Sl and pre-S2 proteins (53). In general, 



theree is about twice as much amino-acid variability in the pre-Sl and 
pre-S22 regions as in the S region (154). HBsAg is the major antigenic 
structuree of the envelope, and is also found as non-infectious nucleic 
acid-freee spheres and tubules representing excess viral coat protein 
(32;48;154).. The non-infectious HBsAg structures usually circulate in 
excesss of complete virus particles (20;32;59;73) and may accumulate to 
highh levels (1014 particles or 200 ug/ml) in the blood of HBV infected 
individualss (73). The majority of the empty small spherical particles and 
longg filamentous structures have diameters around 22 nm. The spherical 
particless vary in size and form with diameters from 16 to 25 nm and 13 
too 38 nm (73). 

CoreCore proteins 
Thee pre-C/C gene codes for 2 viral components: (i) polypeptides making 
upp the nucleocapsid and containing the HBcAg (21) and (ii) a protein 
whichh becomes (after post-translational processing) (146;147) 
measurablee in the blood as the hepatitis B early antigen (HBeAg) (55). 
HBcAgg is used as a marker for past or present HBV infection. The 
functionn of HBeAg is not completely understood, but it is an accepted 
markerr for ongoing viral replication and infectivity. Seroconversion from 
HBeAgg to anti-HBe is closely associated with the loss of template and the 
absencee of active replication (164). HBeAg seroconversion can occur 
spontaneouslyy in up to 15% of patients with hepatitis B. It is proposed 
thatt HBeAg functions to suppress the anti-viral immune response (132) 
andd that the HBeAg precursor protein acts as a negative regulator in the 
virall encapsidation process and inhibits virus production. A reduced 
HBeAgg production may thus enhance viral replication (55;125). 

Polymerase Polymerase 
Thee P-gene codes for the viral DNA polymerase that is central for the 
virall reproduction. It is co-packaged with the pgRNA in a core particle to 
producee the partially double stranded DNA genome of HBV. It has 
multiplee functions and is for example involved in viral pregenome 
encapsidation,, priming of reverse transcription, RNA dependent-DNA 
synthesis,, DNA dependent-DNA synthesis and RNase H activity (167). 

X-protein X-protein 
Productss of the X-gene are thought to exert various regulatory functions 
forr the virus itself and for the transactivator effects. Most of the 
experimentall evidence that has accumulated so far suggests that X by 
itselff is not the cause of HBV-associated carcinogenesis (132) and that it 
iss not required for the initial transcription of viral mRNAs (131;160). In 
DHBVV the X region is completely missing (154). 



Replicatio n n 
Uponn infection, the envelope is removed from the virion and the core 
particle,, containing the partially double stranded HBV genome is 
transportedd to the nucleus. There the genome is completed by a host-
encodedd polymerase to form cccDNA. This cccDNA is used as template for 
transcription.. The mRNAs are transported to the cytosol, where 
translationn takes place. The pregenomic RNA is packaged in a core 
particlee together with the HBV-encoded polymerase. In this core particle, 
thee pgRNA is used as a template for DNA minus-strand synthesis, during 
whichh the pgRNA is degraded by the RNase H activity of the polymerase. 
Onlyy after completion of the minus-strand, plus-strand synthesis begins. 
Thee core particles which now contain partially double stranded HBV DNA 
aree preferentially transported back to the nucleus. Only when a certain 
thresholdd of HBV DNA containing cores is reached in the cytosol, these 
particless are enveloped and excreted from the cell (155). During the 
replicationn of HBV there seems to be a strong bias in favor of the export 
off genomes that have completed minus-strand synthesis and at least 
initiatedd plus-strand synthesis (49; 158). It is believed that reaching a 
certainn stage of plus-strand DNA synthesis in the interior lumen of the 
capsidd is coupled to the appearance of a signal on the exterior of the 
nucleocapsidd that directs its envelopment and excretion from the cell 
(46;165).. This signal should appear at the start of reverse transcription 
inn the core particles and neither completion of the minus-strand nor 
synthesiss of the plus-strand DNA would be required for envelopment 
(49). . 

ExtrahepaticExtrahepatic replication 
Tracess of HBV can persist for several decades after complete serological 
andd clinical recovery from acute viral hepatitis (56). This led to the 
suggestionn of extrahepatic sites of replication. HBV DNA has been 
detectedd in non-hepatic tissues such as kidney, pancreas and skin 
(35;136).. The replication of HBV in PBMC remains controversial (74). 

Virion ss wit h alternativ e genome s 
Itt has been suggested that virus genomes in the liver which are defective 
inn DNA minus- and plus-strand synthesis may produce immature 
nucleocapsids.. These would be incompetent to be released as virions 
(49;; 158). However, several kinds of hepatitis B viral particles have been 
describedd containing other than the partial double stranded DNA genome. 
Forr example virions containing genomes much shorter than wildtype size 
withh an internal poly(dA) sequence were found in sera (138). Also virions 
containingg viral DNA-RNA hybrid molecules were described in plasma 
sampless (101). Already in 1971 it was reported that "Au specific protein 
alwayss fractionated with RNA" and that "not all Au preparations contain 



RNA"" (69;72), but later studies (50; 102) failed to confirm the finding of 
RNAA containing HBV particles. However, in 1996 Köck et al. (74) 
describedd hepatitis B viral particles circulating in the serum which 
containedd viral RNA rather than DNA. Although they did not perform any 
studiess on this RNA to resolve its nature or origin, they suggested that a 
certainn amount of defective viral particles do not reverse transcribe the 
packagedd pregenomic RNA. This report made us wonder what the exact 
naturee of this RNA was, how it ended up in the serum and if its presence 
couldd be correlated to the status of the HBV infection or if it could be 
usedd as a predictive factor for the progression or outcome of disease or 
thee effect of therapy. 
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