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Abstract Hepatitis B virus (HBV) infection is a global

health problem that causes a wide spectrum of liver dis-

ease, including acute or fulminant hepatitis, inactive carrier

state, chronic hepatitis, cirrhosis, and hepatocellular car-

cinoma (HCC). The pathogenesis of hepatocyte damage

associated with HBV is mainly through immune-mediated

mechanisms. On the basis of the virus and host interac-

tions, the natural history of HBV carriers who are infected

in early life can be divided into four dynamic phases. The

frequency, extent, and severity of hepatitis flares or acute

exacerbation in the second immune clearance and/or fourth

reactivation phase predict liver disease progression in HBV

carriers. In the past decade, hepatitis B viral factors

including serum HBV DNA level, genotype, and naturally

occurring mutants predictive of clinical outcomes have

been identified. The higher the serum HBV DNA level

after the immune clearance phase, the higher the incidence

of adverse outcomes over time. In addition, high viral load,

genotype C, basal core promoter mutation, and pre-S

deletion correlate with increased risk of cirrhosis and HCC

development. As to the treatment of chronic hepatitis B,

patients with high HBV DNA level and genotype C or D

infection are shown to have a worse response to interferon

therapy. In conclusion, serum HBV DNA level, genotype,

and naturally occurring mutants are identified to influence

liver disease progression and therapy of chronic hepatitis

B. More investigations are needed to clarify the molecular

mechanisms of the viral factors involved in the pathogen-

esis of each stage of liver disease and the response to

antiviral treatments.
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Abbreviations

ALT Alanine aminotransferase

BCP Basal core promoter

HBeAg Hepatitis B e antigen

HCC Hepatocellular carcinoma

HBV Hepatitis B virus

ULN Upper limit of normal

Introduction

Hepatitis B virus (HBV) is an important public health

problem and the major cause of chronic hepatitis, cirrhosis,

and hepatocellular carcinoma (HCC) worldwide [1]. HBV

is the smallest human DNA virus, with a genome of 3,200

base pairs, and belongs to the family Hepadnaviridae [2].

The partially double-stranded circular DNA encodes four

overlapping open reading frames including surface (S),

core (C), polymerase (P), and X genes [3] (Fig. 1). Owing

to the error rate of the viral reverse transcriptase, the HBV
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genome evolves and the estimated rate of nucleotide sub-

stitution is around 1.4 to 3.2 · 10–5 per site per year [4].

This unique replication strategy accounts for the majority

of point mutations and deletions or insertions observed in

the HBV genome. The long-time evolution of HBV

therefore leads to the occurrence of various genotypes,

subgenotypes, mutants, recombinants, and even quasispe-

cies [5]. In this article, recent advances in the impact of

hepatitis B viral factors including serum HBV DNA level,

genotype, subgenotype, and naturally occurring mutants on

the natural course and therapy of chronic hepatitis B will be

reviewed and discussed.

Natural course of chronic hepatitis B

Hepatitis B virus infection is prevalent in Asia, Africa,

Southern Europe, and South America, where the prevalence

of HBsAg in the general population ranges from 2 to 20%

[1]. HBV causes both acute and chronic infection in

humans. Acute infection may result in classical acute

hepatitis or fulminant hepatitis. In chronic infection, HBV

replication persists throughout the course of chronic infec-

tion, and host immune response plays a pivotal role in HBV-

related liver injury and control of HBV replication [5].

The clinical course of chronic HBV infection is different

between Asian and Western patients. Asian HBV carriers

mostly acquire the virus in the perinatal period or early

childhood [6]. On the basis of the virus and host interactions,

the natural history of perinatally acquired HBV infection

can be divided into four dynamic phases [7, 8] (Table 1).

The first immune tolerance phase, typically represented in

the chronically infected children or young adults, is asso-

ciated with high serum HBV DNA level ([108 copies/ml),

limited immunological reactivity to HBV, extensive intra-

hepatic replication of HBV, and positivity of HBeAg. The

liver disease activities are low in this phase despite active

HBV replication [9]. A recent report from Hong Kong

indicated that adult HBV carriers who remain in the immune

tolerance phase have minimal disease progression [10].

After 2–3 decades of persistent infection, chronic hepatitis B

enters the second immune clearance phase. During this

phase, the previously symptomless carriers may start to have

bouts of symptoms and signs suggestive of acute hepatitis

flare [11, 12]. With intense immune-mediated cytotoxic

response toward infected hepatocytes, the liver cells suffer

continuous or repeated bouts of damage, documented by

elevated serum alanine aminotransferase (ALT) levels.

After these immune attacks, the serum HBV DNA level will

be suppressed and these patients may undergo HBeAg

seroconversion with the loss of HBeAg and subsequent gain

of anti-HBe. However, a certain proportion of HBV carriers

may only experience transient and mild elevation of serum

ALT levels before HBeAg seroconversion [13]. Several

factors have been reported to be associated with serocon-

version of HBeAg (Table 2). In the third low replication

phase, active replication of HBV ceases; however, HBsAg is

continuously expressed from liver cells that contain the

integrated HBV genome. Because of the absence of active

HBV replication in the liver, the liver cells are spared from

immune attacks and patients are in the inactive HBV carrier

status. Thus this phase is characterized by absence of

HBeAg, presence of anti-HBe, persistently normal ALT

level, and low or undetectable serum HBV DNA

(\2000 IU/ml). In a minority of patients (0.1–0.8% per year

for Asian HBV carriers), after a relatively short duration of

follow-up, seroclearance of HBsAg may occur [8]. In con-

trast, a recent observation indicated an appreciably higher

rate of HBsAg seroclearance during a long-term follow-up

[14]. HBV carriers in this phase usually confer a favorable

prognosis [15]; however, a significant proportion of Asian

carriers still develop HCC from a background of cirrhosis

[16]. HBV carriers negative for HBeAg were usually

thought to have nonreplicative HBV infection, and their

serum ALT levels were normal or nearly normal. In the

early 1980s, it became apparent that HBV could replicate in

the absence of HBeAg, thus the fourth HBV reactivation

phase was designated. Reactivation of HBV may occur

spontaneously [17] or as a result of immunosuppression

[18]. The annual rate of spontaneous reactivation of HBV

following HBeAg seroconversion was 2.2–3.3% in

Fig. 1 The partially double-strand circular genome of hepatitis B

virus: S for the surface gene, C for the core gene, P for the polymerase

gene, and X for the X gene. Naturally occurring mutants including

mutations in precore/basal core promoter and deletion mutation in

pre-S gene have been reported to be associated with progressive liver

disease including development of cirrhosis and hepatocellular

carcinoma
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asymptomatic HBsAg carriers or patients with chronic

hepatitis B [13, 19], while the annual rate of spontaneous

reactivation in inactive HBsAg carriers was 1.5%, with a

cumulative incidence of 20% after 20 years of follow up

[17]. Of particular note is that reactivation of HBV in

inactive carriers correlated significantly with patient age on

study entry [17], suggesting a favorable outcome of earlier

HBeAg seroconversion. In addition, reactivation of HBV

was significantly more frequent in male gender [13] and

genotype C patients [20]. In this phase, detectable HBV

DNA level ([2,000 IU/ml), elevated serum ALT level, and

progressive liver disease may develop.

In contrast, Western HBV carriers usually acquire the

virus at older ages through horizontal transmission and do

not have the prolonged immune tolerance phase as Asian

carriers. They thus enter the immune clearance phase

shortly after the establishment of persistent infection [21].

This difference in age of HBV infection may explain, at

least in part, the different clinical course and treatment

response to immunomodulatory agents between Asian and

Western HBV carriers [22].

Factors associated with liver disease progression

In a population study, the relative risk of HCC in Tai-

wanese patients with persistent HBV infection was

estimated to be 200 times higher than in noninfected

individuals [23]. The lifetime risk of HBV carriers to

develop cirrhosis, liver failure, or HCC may be as high as

15–40% [24]. The annual incidence of cirrhosis has been

estimated to be 2–6% for HBeAg-positive and 8–10% for

HBeAg-negative chronic hepatitis B patients [19, 25]

(Fig. 2). The annual incidence of HCC has been estimated

to be less than 1% for chronic hepatitis patients and 2–3%

for those with cirrhosis [25, 26].

Host and environmental factors

The identification of risk factors for the development of

end-stage liver disease, including cirrhosis and HCC, in

HBV carriers is important for developing appropriate

treatment. The risk factors associated with the development

of HCC include chronic infection with either HBV or HCV,

the presence of cirrhosis, carcinogen exposure (especially

aflatoxin), alcohol abuse, genetic factors, male gender,

cigarette smoking, and advanced age [27, 28]. These factors

have been found to act synergistically to induce cirrhosis

and HCC. Among these risk factors, chronic hepatitis viral

infections, particularly those with cirrhosis and HBsAg-

positive family members of patients with HBV-related

HCC, show the strongest association with the development

of HCC in Asian countries (Table 3) [29–31].

HBV factors

Serum HBV DNA level

The impact of baseline viral load at enrollment on the risk

of cirrhosis and HCC development over time has been

Table 1 Characteristics of four dynamic phases of chronic hepatitis B virus infection

Immune tolerance

(minimally active)

Immune clearance

(HBeAg-positive CHB)

Low replication

(inactive carrier state)

Reactivation

(HBeAg-negative CHB)

HBeAg Positive Positive Negative Negative

Precore/core promoter Wild-type Most wild-type Most mutants Most mutants

HBV DNA Level (copies/ml)a Very High ([108) High ([105) Low (\104) Moderate ([104)

ALT level Normal Elevated Normal Elevated

Liver histology Normal or

minimal change

Chronic inflammation

and fibrosis

Normal or minimal

change

Chronic inflammation

and fibrosis

Candidate for approved therapy No Yes No Yes

Abbreviations: CHB, chronic hepatitis B; HBeAg, hepatitis B e antigen; ALT, alanine aminotransferase
a Five copies = 1 IU

Table 2 Factors associated with a higher spontaneous

HBeAg seroconversion rate

Advancing age:

\5 years, 0.8% per year

5–15 years, 3% per year

[15 years, 8–15% per year

Age of infection (older [ younger)

Mode of transmission (horizontal [ vertical)

Serum ALT level (higher [ lower)

Serum AFP level (higher [ lower)

Immune status (competence [ suppression)

Ethnicity (Non-Asian [ Asian)

HLA haplotype (HLA-B61 and -DQB1*0503 [ others)

Genotype (B [ C; D [ A)

Abbreviations: ALT, alanine aminotransferase; AFP, a-

fetoprotein.
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increasingly recognized in HBV carriers aged between 30

and 65 years. In a population-based prospective cohort

including 7 townships in Taiwan, 3582 untreated HBV

carriers were enrolled (REVEAL-HBV study). Of them,

85% were HBeAg-negative and were followed for a mean

duration of 11 years [32, 33]. According to this important

study, the higher the serum HBV DNA level at early 1990s,

the higher the risk of cirrhosis and HCC at early 2000s

(Figs. 3 and 4). The cumulative incidence of cirrhosis

increased with serum HBV DNA level and ranged from 4.5

to 36.2% for patients with a hepatitis B viral load of less

than 60 IU/ml and 2 · 105 IU/ml or more, respectively

(P \ 0.001). After adjusting for HBeAg status and serum

ALT level among other variables, hepatitis B viral load

was the strongest predictor of progression to cirrhosis. The

relative risk started to increase at an entry HBV DNA level

of 2 · 103 IU/ml (relative risk 2.5; 95% CI, 1.6–3.8).

Those with HBV-DNA levels of 2 · 105 IU/ml or more

had the greatest risk 6.5 (relative risk 6.5; 95% CI, 4.1–

10.2; P \ 0.001). Of particular note, in HBeAg-negative

patients with normal serum ALT levels at entry, the risk of

cirrhosis was also increased significantly as serum HBV

DNA level increased [32]. The relationship between serum

HBV DNA level and risk of HCC was also evaluated in

several prospective clinical and population-based studies.

In the same prospective cohort in Taiwan, the risk factors

associated with the development of HCC were assessed in

3653 HBV carriers aged between 30 and 65 years [33]. A

significant biological gradient of HCC risk by serum HBV

Fig. 2 Annual rates of liver disease progression in hepatitis B virus

carriers

Table 3 Risk factors associated

with the development of

cirrhosis and hepatocellular

carcinoma in chronic hepatitis B

Virus Host Environment

Persistently high HBV

replication

Male gender Concurrent HCV, HDV or HIV

infection

Alcohol drinking

Genotype (C [ B; D [ A) Advanced age or longer duration

of infection

Cigarette smoking

Specific HBV mutants (core

promoter mutant,

pre-S deletion)

X gene transactivation

Family history of HCC

Ethnicity (Asian, African [ Caucasian)

Genetic alteration

Repeated hepatitis flare

Aflatoxin exposure

Diabetes mellitus

Obesity

Hepatic steatosis

Fig. 3 Adjusted relative risks of cirrhosis in 3,582 hepatitis B virus

carriers stratified by baseline serum HBV DNA levels in a population-

based prospective cohort study [32]
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DNA level from 60 IU/ml (undetectable) to 2 · 105 IU/ml

or greater was observed. The dose-response relationship

was most prominent for participants who were seronegative

for HBeAg with normal serum ALT levels and no cirrhosis

at study entry. Participants with persistent elevation of

serum HBV DNA level during follow-up had the highest

HCC risk. These results were consistent with another

prospective cohort study in 2,763 adult HBV carriers with

11 years of follow-up from Haimen city in China that

assessed the relationship between HBV viral load at entry

and mortality [34]. Compared to HBV carriers without

detectable viremia, the relative risk for HCC mortality in

those with low viral load (£2 · 104 IU/ml) was 1.7 (95%

CI, 0.5–5.7) and 11.2 (95% CI, 3.6–35.0) in those with high

viral load (‡2 · 104/ml). Overall, the ample evidence from

these studies strongly indicate that the best predictor of

adverse outcomes (cirrhosis, HCC, and death from liver

disease) in adult HBV carriers is the serum HBV DNA

level at enrollment, independent of HBeAg status, baseline

serum ALT level, and other risk factors. However, whether

there exists a ‘‘safe’’ serum HBV DNA level for nonpro-

gressive liver disease in the real world remains to be

determined. In a recent report, the serum samples of the

subjects from the REVEAL-HBV study were reanalyzed

by using a more sensitive molecular method with the

detection limit of 20 IU/ml. The results showed that the

hazard ratio of HCC development significantly increased

with elevation of serum HBV DNA level after adjustment

for other factors [35]. These data suggest that even a

relatively low serum HBV DNA level (\2,000 IU/ml)

increases HCC risk when compared to an extremely low

HBV DNA level (\20 IU/ml).

Owing to the heterogeneity of HCC populations, risk

factors may differ between old HCC patients and young

HCC patients. Our previous case–control study showed

that young (£40 years old) HCC patients had lower serum

HBV DNA levels than old HCC patients (log10HBV DNA:

4.2 vs. 4.8, P = 0.056). In addition, high serum HBV DNA

levels were associated with the development of HCC in old

patients (odds ratio [OR], 1.584; 95% confidence interval

[CI], 1.075–2.333; P = 0.02) rather than in young patients

(OR, 0.848; 95% CI, 0.645–1.116; P = 0.239) [36]. Thus,

viral factors in association with the development of HCC in

young and old patients await more investigation.

Even in patients already with HCC, serum HBV DNA

level appears to impact their outcomes. Recently, Yeo et

al. reported that high hepatitis B viral load in unresectable

HCC patients prior to systemic chemotherapy was associ-

ated with a high incidence of hepatitis flare due to HBV

reactivation and thus had an adverse effect on these

patients’ survival [37]. Therefore, prophylactic antiviral

therapy may be needed to reduce this disastrous event and

improve survival for HBV-related HCC patients undergo-

ing chemotherapy.

Genotype and subgenotype

According to the heterogeneity of the virus sequence, at

least eight HBV genotypes (A–H) are defined by diver-

gence in the entire HBV genomic sequence [8% [38].

Epidemiologic studies have shown that each genotype has

its distinct geographic and ethnic distribution [38, 39].

Genotypes A and D occur frequently in Africa, Europe, and

India, while genotypes B and C are prevalent in Asia.

Genotype E is restricted to West Africa, and F is found in

Central and South America. Genotype G has been reported

in France, Germany, and the United States. Lastly, the

eighth genotype H was described in Central America.

Interestingly, it is noted that genotypes B and C are pre-

valent in highly endemic areas, such as Asian countries,

where perinatal or vertical transmission plays an important

role in spreading the virus and the same genotype may be

conserved in the same population, whereas genotypes A, D,

E, F, and G are frequently found in areas where horizontal

transmission is the main mode of transmission.

Extensive phylogenetic analyses have shown that HBV

genotypes can be further subdivided into subgenotypes by

at least 4% difference in entire genome sequence. Except

for genotype E and G, all genotypes have subgenotypes

[40]. Epidemiologic data show that in genotypes A, B, and

C, respective subgenotypes A1 (Aa)/A2 (Ae), B1 (Bj)/B2

Fig. 4 Adjusted relative risks for hepatocellular carcinoma in 3,653

hepatitis B virus carriers stratified by baseline serum HBV DNA

levels in a population-based prospective cohort study [33]
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(Ba), and C1 (Cs)/C2 (Ce) differ widely in many virologic

aspects. These subgenotypes also display distinct geo-

graphic distribution as genotypes do [41]. For example, in

Asian countries, subgenotype B1 dominates in Japan and

B2 in China and Vietnam. Subgenotype C1 is common in

southern China and Southeast Asia and C2 in Taiwan,

Japan, Korea, and northern China [42].

Contrary to HCV genotyping, HBV genotyping

remained an investigational tool with limited application to

the study of the natural history and treatment of HBV

infection until a few years ago. Nevertheless, ample evi-

dence has recognized that HBV genotypes influence the

natural course of liver disease in HBV carriers, especially

in Asian countries where genotypes B and C prevail.

Several recent reviews have summarized current knowl-

edge on this issue [26, 38, 39, 41–43]. In addition, owing to

the unique distribution of HBV genotypes in Asian and

Western countries, the clinical significance and virologic

characteristics of HBV genotype could be reliably com-

pared only between genotypes B and C (Table 4) or

genotypes A and D (Table 5). In general, genotype B has

been shown to be associated with less progressive liver

disease than genotype C, and genotype D has been shown

to have a less favorable prognosis than genotype A. The

clinical significance of genotypes E to H remains to be

examined. Nevertheless, it should be emphasized that all

HBV genotypes could lead to end-stage liver disease,

including cirrhosis and HCC.

Hepatitis B e antigen seroconversion has been consid-

ered an important event in the natural course of

perinatally acquired chronic HBV infection, the earlier the

seroconversion of HBeAg, the better the clinical outcome

of HBV carriers [13]. To this end, the cut-off value for

age of HBeAg seroconversion has been suggested;

patients with HBeAg seroconversion above 40 years of

age were shown to have a substantially high rate of pro-

gression to cirrhosis than those below 40 years of age

[44].

Previous longitudinal studies showed that genotype B

patients had an earlier and more frequent HBeAg sero-

conversion than genotype C patients [20, 45, 46],

suggesting HBV genotype B may be more immunogenic

and susceptible to host immunity. This speculation is

strengthened by a recent immunologic study that HBV

genotype B induced a greater Th1 and lesser Th2 response

during the immune clearance phase than genotype C [47].

Most previous retrospective or case–control studies

indicated that genotype C patients have more severe liver

disease, including cirrhosis and HCC, than do genotype B

patients [48–50]. Our recent 14-year prospective study on

4,841 Taiwanese men who were HBV carriers also dem-

onstrated that HBV genotype C was associated with an

increased risk of HCC compared with other HBV geno-

types (adjusted OR = 5.11, 95% CI = 3.20–8.18) [51]. A

community-based prospective cohort study further showed

that HBV genotype C was associated with the risk of HCC

development [52]. These findings indicated that genotype

C was correlated with a higher risk of developing HCC. Of

particular note, we also found genotype B was significantly

more common in patients with HCC aged less than

50 years compared with age-matched asymptomatic

carriers in Taiwan (80% vs. 52%; P = 0.03). This pre-

dominance was more remarkable in younger patients with

HCC, being 90% in those aged less than 35 years, and most

were noncirrhotic [48]. Similar findings were observed in a

recent report from China, in which all HCC patients

Table 4 Clinical and virologic differences between hepatitis B virus

genotypes B and C

Genotype B Genotype C

Clinical differences

Positivity of HBeAg Lower Higher

Seroconversion of HBeAg Earlier Later

Immunoclearance phase Shorter Longer

Th1 immune response Higher Lower

Seroclearance of HBsAg More Less

Reactivation after HBeAg

seroconversion

Less More

Histologic activity Lower Higher

Clinical outcome (cirrhosis

and hepatocellular carcinoma)

Better Worse

Recurrence after liver transplantation Lower Higher

Virologic differences

Serum HBV DNA level Lower Higher

Frequency of precore A1896 mutation Higher Lower

Frequency of basal core promoter

T1762/A1764 mutation

Lower Higher

Table 5 Clinical and virologic differences between hepatitis B virus

genotypes A and D

Genotype A Genotype D

Clinical differences

Acute hepatitis Less More

Chronic hepatitis More Less

Reactivation after HBeAg

seroconversion

Less More

Histologic activity Lower Higher

Clinical outcome (cirrhosis

and hepatocellular carcinoma)

Better Worse

Recurrence after liver transplantation Lower Higher

Virologic differences

Frequency of precore A1896 mutation Lower Higher

Frequency of basal core promoter

T1762/A1764 mutation

Higher Lower
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younger than 35 years were infected with genotype B [53].

These data thus suggested that certain genotype B strains

might be associated with the development of HCC in

young HBV carriers. Studies from Japan, Hong Kong, and

China already confirmed the findings that HBV genotype C

was associated with the development of HCC [49, 50, 54,

55]. Recent data from the REVEAL-HBV study showed

that the hazard ratio of cirrhosis after adjustment for age,

gender, smoking, alcohol use, and HBV DNA level was 1.9

for genotype C compared to genotype B, suggesting

genotype C was an independent risk factor for cirrhosis

development in HBV carriers [56].

Hepatitis B virus genotypes also influence the clinico-

pathological features of patients with resectable HCC.

Among our 193 patients with resectable HBV-related

HCC, genotype B patients were less associated with cir-

rhosis compared with genotype C patients (33% vs. 51%,

P = 0.01). Pathologically, genotype B patients had a higher

rate of solitary tumor (94% vs. 86%, P = 0.048) and more

satellite nodules (22% vs. 12%, P = 0.05) than genotype C

patients [57]. These characteristics may contribute to the

recurrence patterns and prognosis of HBV-related HCC

patients with genotype B or C infection [58].

Although the influence of HBV genotypes on disease

progression and clinical outcome has been increasingly

recognized, the virologic and molecular mechanisms

involved remain largely unknown. Sugiyama et al. recently

reported the intra- and extracellular expression of HBV

DNA and antigen [59]. The intracellular expression of

HBV DNA and HBcAg were higher for genotypes B and C

than genotypes A and D. The extracellular expression of

HBV DNA and HBeAg were also higher for genotypes B

and C than genotypes A and D (Table 6). The intracellular

accumulation of HBV DNA and antigens may play a role

in inducing liver cell damage. In addition, the highest

replication capacity of genotype C may explain the asso-

ciation of genotype C with more severe histological liver

damage than other genotypes. On the other hand, a strong

extracellular virion secretion may endow a high infectious

capacity to blood from individuals infected with this

genotype. These data suggest that virologic differences

indeed exist among HBV genotypes that may influence

their clinical outcomes and epidemiological characteristics.

Nevertheless, whether immunopathogenesis differs

between various HBV genotypes needs further studies. A

timely relevant study showed that the frequency and IFN-

a-producing capacity of peripheral blood plasmacytoid

dendritic cells (pDCs) were dramatically reduced in

chronic hepatitis B patients at the immunoactive phase, and

genotype C patients harbored an even lower reduction in

IFN-a production than genotype B patients [60]. This

observation may correlate with different outcomes of

immunomodulatory treatment and the progression of liver

disease in HBV carriers infected with different genotypes.

Although the clinical significance of HBV genotype has

become recognized, limited studies have examined the

clinical relevance of HBV subgenotypes. HBV subgeno-

type A1 appears to be associated with low serum HBV

DNA levels as well as a low prevalence of serum HBeAg

and is implicated in the high incidence of HBV-related

HCC in Africa [61]; whereas subgenotype A2 has a higher

rate of sustained remission after HBeAg seroconversion

and a lower rate of liver-related death than other genotypes

during long-term follow-up [62, 63]. Sugauchi et al. found

that positivity of HBeAg is significantly more frequent in

carriers of subgenotype B1 than B2 [64]. An additional

study analyzed the distribution of HBV subgenotypes in

296 HBV-related HCC patients collected from all over

Japan [65]. They found HBV subgenotype B2 in 4.4%, B1

in 7.4%, and genotype C in 86.5%. Interestingly, in the

Tohoku district and Okinawa, subgenotypes B2 and B1 and

genotype C were found in 6.7, 40.0, and 48.9%, respec-

tively, compared to 4.0, 1.6, and 93.2% in the other

districts in Japan. In addition, subgenotype B1 was more

frequently found in those older than 65 years while sub-

genotype B2 was found in all age groups. These data

suggest that HBV subgenotype B1 may run a more indolent

course than subgenotype B2 (Table 7).

Hepatitis B virus genotype C has been divided into

subgenotypes C1 to C4. In Hong Kong, 80% of HBV

genotype C patients belonged to subgenotype C1, and the

Table 7 Virologic and clinical differences between HBV subgeno-

types B1 and B2

B1 B2

Positivity of HBeAg Lower Higher

Precore stop codon mutation More Less

Basal core promoter mutation Less More

Risk of hepatocellular carcinoma Lower Higher

Abbreviations: B1, HBV genotype B without recombination with

genotype C (G-1838); B2, HBV genotype B and C recombinant

(A-1838).

Table 6 Influence of hepatitis B virus genotypes (A to D) on intra-

and extracellular expression of viral DNA and antigens [59]

Expression Genotype

Intracellular

HBV DNA C [ B [ D [ A

HBcAg B [ C [ D [ A

Extracellular

HBV DNA B [ C = D [ A

HBeAg B [ C [ D [ A

HBsAg A [ B [ C [ D
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remaining 20% belonged to subgenotype C2 [66]. When

subgenotypes C1 and C2 were compared, subgenotype C1

was associated with a higher tendency to develop basal

core promoter (BCP) mutations (80% vs. 50%; P = 0.14), a

higher prevalence of C at nucleotide 1,858 (C-1858) (95%

vs. 0%; P \ 0.001), and a lower prevalence of precore stop

codon mutations (5% vs. 50%; P = 0.002). It is thus pro-

posed that subgenotypes C1 and C2 have different

epidemiological distributions and virologic characteristics.

To test this speculation, we studied the distribution of HCV

subgenotypes in 242 Taiwanese HBV carriers with various

stages of liver disease, and found that HBV subgenotype

C2 was the predominant subgenotype in Taiwan. In addi-

tion, there was no significant difference in the distribution

of the HBV genotype C subgenotypes among patients with

different stages of liver disease, suggesting subgenotypes

of genotype C may have minimal impact on liver disease

progression of chronic hepatitis B in Taiwan [67]. Simi-

larly, a cross-sectional study of 211 patients with various

stages of liver disease in China showed the distribution of

HBV genotype C was greater among cirrhosis and HCC

patients, while genotype B was common in chronic hepa-

titis patients. In addition, no significant differences in

clinical features were found between patients with HBV

subgenotypes B2, C1, and C2 [68]. Taken together, further

elaborated studies are needed to examine the clinical

impact of each HBV subgenotype on the pathogenesis and

progression of liver diseases.

Naturally occurring mutants

Owing to the spontaneous error rate of viral reverse tran-

scription, naturally occurring HBV mutants arising during

the course of a patient’s infection under the pressure of host

immunity or specific therapy [69]. These HBV mutants

could display alteration of epitopes important in the host

immune recognition, enhanced virulence with increased

levels of HBV replication, resistance to antiviral therapies,

or facilitated cell attachment/penetration and thus have

implications at both the clinical and epidemiological levels.

Several HBV mutant strains including mutations in pre-

core, core promoter, and deletion mutation in pre-S/S genes

have been reported to be associated with the pathogenesis

of fulminant or progressive liver disease, including cir-

rhosis and HCC [70] (Fig. 1). HBV precore nucleotide

1,896 mutation from guanine (G) to adenine (A) as well as

changes of two nucleotides, an adenine (A) to thymine (T)

transversion at nucleotide 1,762 together with a guanine

(G) to adenine (A) transition at nucleotide 1,764 within the

BCP, lead to a proportion of HBeAg-negative patients who

continue to have moderate levels of HBV replication and

active liver disease [71–73]. Although these mutants can

also be found in asymptomatic hepatitis B carriers, the

BCP T1762/A1764 mutation has been shown to increase

the risk of liver disease progression and HCC development

for both genotypes B and C infection [74–78].

In HBV-related acute fulminant hepatitis, universally

specific genomic mutational pattern of HBV has not yet

been defined. Our previous study indicated that genomic

variability of HBV contributes little to the development of

fulminant and subfulminant hepatitis in Taiwanese HBV

carriers. Although precore A1896 stop codon mutation was

frequently found in these patients, it was also commonly

encountered in control patients [79, 80]. These findings

suggest host factors rather than viral factors are linked with

these catastrophic events.

As to the progression of liver disease, in a cohort study

of 250 genotype B- or C-infected HBV carriers with dif-

ferent stages of liver disease, we found that genotype C

patients had a higher prevalence of BCP T1762/A1764

mutation than genotype B (OR, 5.18; 95% CI, 2.59–10.37;

P \ 0.001). The likelihood of T1762/A1764 mutation

paralleled the progression of liver disease, from 3% in

inactive carriers to 64% in HCC patients (OR, 20.04; 95%

CI, 7.25–55.41; P \ 0.001). Patients with BCP T1762/

A1764 mutation were significantly associated with the

development of HCC than those without (OR, 10.60; 95%

CI, 4.92–22.86; P \ 0.001), and the risk was observed for

both genotypes B and C [81]. These findings are confirmed

by a long-term follow-up study involving 400 HBV carriers

in the United States and a case–control study from Hong

Kong, in which the presence of BCP T1762/A1764 muta-

tion were independent predictors for the risk of HCC

development [49, 82]. In the Philippines, a cross-sectional

study of 100 HBV carriers with various stages of liver

disease revealed that 51 HBV genotype A1, 22 genotype B

and 27 genotype C strains, and genotypes B and C were

more prevalent than genotype A in cirrhosis and HCC

patients (P \ 0.02). In addition, the prevalence of BCP

T1762/A1764 mutant was higher in HCC patients with

genotypes B and C. Multivariate analysis indicated that age

and core promoter mutation were risk factors for HCC

development [83]. Taking these lines of evidence together,

BCP T1762/A1764 mutation seems to play an important

role in the pathogenesis of liver disease progression and

serve as the strongest viral factor associated with HCC risk

in HBV carriers.

Other naturally occurring mutations or deletions in the

pre-S gene of HBV genome frequently occur in chronic

HBV infection [84, 85]. The deletion over pre-S gene may

affect the expression of middle and small surface proteins,

resulting in intracellular accumulation of large surface

protein [86], and contribute to more progressive liver cell

damage and finally hepatocarcinogenesis [87, 88]. In our

recent case–control study, pre-S deletion mutant of HBV
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were determined in 202 asymptomatic carriers and 64 HCC

patients with chronic HBV genotype B or C infection. The

presence of pre-S deletion mutant was independently

associated with the development of HCC (OR, 3.72; 95%

CI, 1.44–9.65; P = 0.007) [77]. Our further mapping study

of pre-S region revealed that all the deletion regions

encompassed T- and B-cell epitopes, and most of them lost

one or more functional sites, including polymerized human

serum albumin-binding site and nucleocapsid-binding site.

These findings lend support to the biologic significance of

emerging HBV pre-S deletion mutants, which may con-

tribute to more progressive liver cell damage and finally

hepatocarcinogenesis.

Potential interactions between known HBV factors

In light of these emerging data, HBV genotypes, mutant

stains and HBV DNA level are closely associated with the

long-term outcomes of HBV-related chronic liver disease.

In our earlier study, we already found that genotype C has a

higher frequency of BCP T1762/A1764 mutation than

genotype B, that is, 50% vs. 6% [89]. However, it is

unclear whether a specific combination of these factors is

associated with the development of a more severe liver

disease. In a prospective study, Yu et al. provide strong

evidence that the risk of HCC was increased approximately

5-fold among men infected with HBV genotype C com-

pared with genotype B. They also found HBV viral load

was higher with HBV genotype C than with HBV genotype

B, and men who had both HBV genotype C and a very high

HBV viral load had a 26-fold higher risk of HCC than

those with other genotypes and low or undetectable viral

loads [51]. These observations suggest additive associa-

tions of viral load and HBV genotype C with HCC risk. We

recently investigated the independent and interactive

effects of each known viral factor on the development of

HCC. Compared with patients with low HBV load and the

BCP A1762/G1764 wild-type strain, the adjusted odds

ratio of developing HCC was more than 30-fold in patients

with an HBV load ‡20,000 IU/ml and the BCP T1762/

A1764 mutant, irrespective of the presence of the precore

A1896 stop codon mutation and viral genotype [75].

Similar to that in cirrhotic HCC, BCP T1762/A1764

mutation and viral load ‡20,000 IU/ml were independently

associated with the risk of noncirrhotic HCC [76]. We also

addressed the interactions among pre-S deletion, precore

mutation, and BCP T1762/A1764 mutation in various

stages of chronic HBV infection [77]. The results revealed

that the presence of pre-S deletion and BCP T1762/A1764

mutation was significantly associated with the development

of progressive liver diseases. In addition, a combination of

mutations rather than a single mutation was associated with

the development of progressive liver diseases, especially in

combination with pre-S deletion. Similarly, Yuen et al.

from Hong Kong examined the risks for HCC with respect

to HBV genotypes, specific viral mutants, serum HBV

DNA levels, and cirrhosis in a case–control study, and

multivariate analysis showed that core promoter mutant,

T1653, HBV DNA ‡2,000 IU/ml, and cirrhosis were

independent factors for HCC. In addition, the risks

remarkably increased in HBV carriers with these factors in

combination [90]. In Japan, an age-, sex-, and HBeAg

status-matched cross-sectional control study was conducted

to determine HCC-associated mutations of the HBV gen-

ome in the entire X, core promoter, and precore/core

regions among 80 patients infected with HBV subgenotype

C2 with HCC and 80 without HCC. They found that the

prevalence of the T1653 mutation in the box alpha region

and V1753 and T1762/A1764 mutations in the BCP region

was significantly higher in the HCC group than in the non-

HCC group. Further multivariate analysis showed that the

presence of T1653, V1753, and a low platelet count were

independent predictive factors for HCC in patients with

HBV subgenotype C2 [91]. In China, a cross-sectional

study indicated that V1753 and BCP T1762/A1764 muta-

tions seem to be associated with HCC development,

especially in patients with HBV subgenotype C1 [53].

These findings altogether suggest that in addition to HBV

DNA level, accumulation of complex viral mutants with

precore mutation and BCP T1762/A1764, T1653, and pre-

S deletion mutations may affect the long-term outcomes of

chronic HBV infection.

With variables that possibly are risk factors for HCC

development, a risk function nomogram for predicting

HCC in HBV carriers was developed by using noninvasive

clinical and virologic information collected from the

REVEAL-HBV study [92]. Chen et al. found that this

predictive model had good characteristics, and the combi-

nation of serum HBV DNA level ‡2,000 IU/ml and HBV

genotype C had the greatest HCC risk. However, this

nomogram needs further validation and, once validated,

will simplify the communication of individual HCC risk

using noninvasive variables.

Current therapy of chronic hepatitis B

At the time of this writing, no antiviral treatment has been

shown to cure chronic HBV infection. Therefore, the treat-

ment goals are to control hepatitis activity, obtain hepatitis

B e antigen (HBeAg) seroconversion or sustained suppres-

sion of HBV replication, and improve necroinflammatory

activity and fibrosis of the liver [93, 94]. Currently, six drugs

have been approved for the treatment of chronic hepatitis B:

conventional interferon (IFN) alfa, lamivudine, adefovir
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dipivoxil, entecavir, pegylated interferon alfa-2a, and tel-

bivudine [94]. The latest Asian-Pacific Association for the

Study of the Liver (APASL) consensus recommendations

suggest that IFN-alfa, pegylated IFN alfa-2a, lamivudine,

and adefovir dipivoxil can be used as first-line therapies for

chronic hepatitis B [93]. The APASL working party also

raised unresolved issues for further studies, including the

role of combination therapy or other immunomodulatory

agents. In addition, the updated treatment algorithm for the

management of chronic hepatitis B virus infection devel-

oped by a US expert panel and the 2007 update of the

American Association of the Study of Liver Disease

(AASLD) guidelines for chronic hepatitis B recommend

that treatment may be initiated with any of the six approved

agents, but pegylated interferon, adefovir dipivoxil, or ent-

ecavir are preferred for HBeAg-positive or HBeAg-negative

chronic hepatitis B patients [94, 95].

HBV factors and therapy of chronic hepatitis

Serum HBV DNA level

As reviewed earlier, persistent elevation of serum HBV

DNA level is known to be associated with liver disease

progression in chronic hepatitis B patients. Therefore, this

would suggest that the primary aim of hepatitis B treatment is

to reduce and maintain serum HBV DNA at the lowest

possible level. Profound and sustained viral suppression may

also lead to other aims of therapy, such as biochemical

normalization, HBeAg seroconversion, histologic improve-

ment, and reduced drug resistance [93–95].

For the treatment of chronic hepatitis B with standard

interferon, several host and viral factors including baseline

serum ALT levels, baseline HBV DNA, degree of histo-

logical activity, age at acquisition, and sex have been found

to be associated with a better virologic response in HBeAg-

positive patients [93, 96]. Among them, HBV DNA

\200 pg/ml (*5 · 107 copies/ml) is more frequently

associated with a virologic response [96, 97]. As to pegy-

lated interferon, multivariate analysis of HBeAg-positive

patients treated with 48 weeks of pegylated interferon alfa-

2a indicated that a low HBV DNA level (\109 copies/ml)

predicted a high HBeAg seroconversion rate [98]. Among

patients with low HBV DNA levels, HBeAg seroconver-

sion was observed in more than 50%. For the treatment of

HBeAg-negative patients, multivariate analysis of a phase

III study using pegylated interferon alfa-2a has found that a

low baseline HBV DNA level could be predictive of a

sustained virologic response when evaluated at 24 weeks

of therapy [99]. During treatment, patients who became

HBV DNA undetectable after 12 weeks of pegylated

interferon alfa-2a therapy have been shown to have a bet-

ter-sustained virologic response [100].

In contrast, baseline serum HBV DNA level has not

been shown to predict the response to nucleoside or

nucleotide analogues [94]. However, a higher serum HBV

DNA level may be associated with a higher cumulative

incidence of drug resistance to lamivudine and time to

HBV DNA breakthrough [101]. Further studies are awaited

to examine whether various baseline HBV DNA levels

affect HBeAg seroconversion rates of patients treated with

oral antiviral agents, as is observed with interferon

treatment.

During treatment with nucleoside or nucleotide ana-

logues, early virologic response has been shown to be an

important factor in predicting sustained response and

reducing drug resistance. In a study to explore risk factors

associated with HBV DNA breakthrough during prolonged

lamivudine treatment, Yuen et al. found that patients with

HBV DNA levels of [200 IU/ml after 6 months of lami-

vudine therapy had a 63% chance of subsequently

developing drug-resistant mutants [102]. Recently, of

HBeAg-positive patients treated with telbivudine who

achieved undetectable serum HBV DNA (\60 IU/ml) at

6 months of therapy, 49% achieved HBeAg seroconver-

sion, 85% achieved ALT normalization, 86% achieved

sustained viral suppression, and 98% without resistance at

year 2. Similarly, of HBeAg-negative patients, 83%

achieved ALT normalization, 88% achieved sustained viral

suppression, and 98% without resistance at year 2 [103].

Taking these data together, on-treatment HBV DNA

monitoring strategies to identify early viral suppression to

an undetectable level would be predictive of better thera-

peutic outcomes and a greater likelihood of detecting drug

resistance.

Genotypes

The role of the HBV genotype in predicting response to

both immunomodulatory treatment and nucleoside ana-

logue has gained considerable attention in recent years.

Owing to the unique distribution of HBV genotypes in

Eastern and Western countries, the therapeutic implications

of HBV genotype could only be compared between geno-

types B and C or genotypes A and D. For further details,

please see reviews [43, 104].

In HBeAg-positive chronic hepatitis B patients treated

with standard IFN for 4–6 months, the response rate as

defined by normalization of serum ALT level and HBeAg

seroconversion was better in patients with genotypes A and

B than in those with genotypes C and D [105–108].

However, these studies, on the association of HBV geno-

type with response to standard interferon were limited by
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small sample sizes and retrospective study design. Our

recent randomized study on 119 HBeAg-positive patients

also showed that genotype B patients have a better sus-

tained HBeAg seroconversion rate to 32 weeks of standard

IFN-based therapy than genotype C patients (44% vs. 22%,

P = 0.02) [109]. The relationship between viral genotype

and response to pegylated interferon is similar to that

observed with standard interferon. Cooksley et al. showed

that the response rate of using 24-week pegylated IFN alfa-

2a or standard IFN alfa-2a was higher in genotype B than

genotype C (33% vs. 21%; 25% vs. 6%; respectively) in a

phase 2 study [110]. In a multicenter phase 3 study using a

relatively low dose of pegylated interferon alfa-2b for

48 weeks, the overall response rate differed according to

HBV genotype: genotype A, 47%; genotype B, 44%;

genotype C, 28%; and genotype D, 25% [111]. Subsequent

follow-up showed that the loss of HBsAg differed

according to HBV genotype: 14% for genotype A, 9% for

genotype B, 3% for genotype C, and 2% for genotype D (A

vs. D: P = 0.006) [112]. In another multicenter phase 3

trial using a standard dose of pegylated IFN-a 2a for

48 weeks, genotype A patients had the highest HBeAg

seroconversion rate (50%) but the difference between

genotype B and C patients was not significant (30% vs.

31%) [113]. In a recent randomized controlled trial from

China, Zhao et al. assessed the efficacy of low-dose, 24-

week IFN or pegylated IFN treatment as well as factors

predicting sustained response in patients with HBeAg-

positive chronic hepatitis B [114]. They consistently found

that HBV genotype B and younger age were independent

factors associated with sustained response, and suggested

low-dose IFN regimen might be cost-effective for the

treatment of younger genotype B patients. In addition, Hou

et al. prospectively investigated the relationship between

HBV genetic characteristics and the outcome of short

(16 weeks) or prolonged (32 weeks) treatment with stan-

dard IFN in 103 European HBeAg-positive patients and

found that HBV genotype A responded earlier to IFN than

other genotypes, which was associated with its molecular

characteristics [115]. Collectively, the optimal duration of

interferon treatment for chronic hepatitis B may vary

among different HBV genotypes. For example, HBV

genotype B is somewhat like HCV genotype 2 or 3, which

may need only 24 weeks of low-dose pegylated IFN. In

contrast, genotype C acts like HCV genotype 1, which may

require a longer duration of high-dose pegylated IFN [116].

Nevertheless, whether the discrepancies between these

pegylated interferon studies is attributable to the differ-

ences in dose, duration or antiviral potency of particular

interferons, patient characteristics or a combination of both

need to be clarified in clinical trials stratified by different

HBV genotypes and treatment regimens. Furthermore, we

failed to identify an IFN sensitivity-determining region

(ISDR) within the genome of HBV genotype B2 [117],

suggesting host factors and virus–host interactions may be

more important in determining the response to IFN

treatment.

For the treatment of HBeAg-negative CHB patients with

pegylated IFN-a 2a, Bonino et al. investigated the effect of

pretreatment factors on posttreatment responses. They

found that baseline ALT and HBV DNA levels, age, gen-

der, and HBV genotype significantly influenced combined

response at 24 weeks posttreatment. Patients with genotype

B or C had a higher chance of response than genotype D

infected patients (P \ 0.001), and the latter responding

better to the combination than to peginterferon alpha-2a

monotherapy (P = 0.015) [99]. Although thymosin alfa-1

has not been widely approved for the treatment of chronic

hepatitis B, a recent study indicated that genotype B was

associated with a higher response rate to this immuno-

modulatory therapy than genotype C [118].

In patients treated with lamivudine, previous studies

from Taiwan and Hong Kong indicated that HBV genotype

had no impact on the therapeutic response to lamivudine

[119–121]. In Spain, Buti et al. suggested that the outcome

after lamivudine treatment was also comparable between

genotypes A and D [122]. These data imply that HBV

genotype may have no substantial impact on the response

to lamivudine treatment. However, Chien et al. reported

that the sustained response rate to lamivudine was much

higher in patients with genotype B than those with geno-

type C [123]. As to the emergence of drug resistance to

lamivudine after prolonged therapy, we found that the

development of lamivudine resistance was similar between

genotypes B and C [119]. Buti et al. suggested that the

emergence of lamivudine resistance were also comparable

between genotypes A and D [122]. Nevertheless, studies

from Germany and China indicated that there exist differ-

ent YMDD mutational patterns among different

lamivudine-resistant HBV genotypes [124, 125]. For

example, the frequency of rtM204I mutants is higher in

genotypes C and D, whereas that of rtM204V is higher in

genotypes B and A.

As to nucleoside or nucleotide analogues other than

lamivudine, several studies have shown that virologic

response to treatment with adefovir or entecavir is not

affected by viral genotype [126–128]. However, patients

with adefovir resistance were more likely to be infected

with genotype D [129]. In a phase 3 multicenter trial of

latest approved telbivudine, reduction in serum HBV DNA

level for genotypes B and C patients at year 2 was 5.9 vs.

5.8 log copies/ml, respectively, for HBeAg-positive

patients and 4.7 vs. 5.0 log copies/ml, respectively, for

HBeAg-negative patients; the difference was not statisti-

cally significant [103]. In summary, these lines of evidence

imply that HBV genotype appears to have no substantial
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impact on the response to nucleoside or nucleotide ana-

logue treatment.

In summary, HBV genotype correlates well with the

response to standard IFN but not nucleoside/nucleotide-

based therapy (Tables 8 and 9). The association between

HBV genotype and response to pegylated IFN remains

controversial. Alternatively, future genotype-based strati-

fication trials should be considered to clarify the impact of

HBV genotype.

Naturally occurring mutants

It has been reported that HBeAg-negative chronic hepatitis

B is associated with a high relapse rate and a poor sustained

response rate of only 10% to standard IFN therapy [130].

Although precore A1896 stop codon mutant and BCP

T1762/A1764 mutant are known to abolish or reduce the

production of HBeAg, leading to the development of

HBeAg-negative chronic hepatitis B [131, 132], the influ-

ence of these two common HBV mutants on the response

to currently available anti-HBV agents remains largely

unknown. Earlier studies showed that precore A1896 stop

codon mutant might be associated with the poor response

to IFN therapy in patients with HBeAg-negative chronic

hepatitis B [130]; however, the results seem controversial

[133]. Recently, Erhardt et al. performed sequence analysis

of several HBV subgenomic regions in 96 HBeAg-positive

and HBeAg-negative patients treated with standard inter-

feron [134]. The overall sustained response (SR) rate to

IFN was 30% with no significant difference between

HBeAg-positive and HBeAg-negative patients. IFN

responsiveness correlated with the number of mutations in

the complete BCP, especially the nucleotide region 1,753–

1,766 and mutations at nucleotide 1,762 and 1,764. Sus-

tained response to IFN was associated with a high number

of mutations in the BCP and the nucleotide region 1,753–

1,766 as well as mutations at nucleotide 1,764 in HBeAg-

positive patients. In contrast, SR to IFN correlated with a

low number of mutations in the BCP and nucleotide region

1,753–1,766 and a wild-type sequence at nucleotide 1,764

in HBeAg-negative patients. In addition, IFN response did

not correlate with the occurrence of the precore A1896

mutation. These data suggest that mutations located within

the BCP of HBV genome may determine a response to IFN

therapy. However, whether similar phenomenon could be

observed in the era of pegylated interferon awaits further

studies.

For the treatment of HBeAg-negative patients with

lamivudine, Lok et al. reported that core promoter muta-

tion was associated with the selection of lamivudine-

resistant mutants in addition to the duration of treatment.

They also found that some patients with lamivudine-

resistant mutations had reversion of the precore A1896 stop

codon mutation with reappearance of HBeAg [135]. Our

recent study on HBeAg-positive patients further showed

that lamivudine therapy may result in the rapid develop-

ment of BCP T1762/A1764 mutation of the HBV genome,

but this mutation may reverse to wild type gradually after

cessation of therapy. In addition, there was no significant

change of precore sequences before and during lamivudine

therapy [136]. A recent report from Australia indicated that

the presence of precore A1896 stop codon mutant was an

independent predictor of the early development of lami-

vudine resistance, while genotype did not influence

treatment outcome or time to onset of resistance [137].

Since relevant data are limited, further studies should focus

on the contribution of viral factors other than genotype to

the treatment outcome of existing antiviral agents.

Table 8 Therapeutic differences for HBeAg-positive chronic hepa-

titis B between genotypes B and C

HBV genotype

B C

Standard

IFN/thymosin

Better Worse

Pegylated IFN Controversial

Lamivudine

Response No difference

Relapse Lower Higher

Resistance No difference

Mutational

pattern

More rtM204V More rtM204I

Adefovir

dipivoxil

No difference

Entecavir No difference

Telbivudine No difference

Table 9 Therapeutic differences for HBeAg-positive chronic hepa-

titis B between genotypes A and D

HBV genotype

A D

Standard IFN Better Worse

Pegylated IFN Better Worse

Lamivudine

Response No difference

Relapse No data

Resistance No difference

Mutational

pattern

More rtM204V More rtM204I

Adefovir dipivoxil No difference

Entecavir No difference

Telbivudine No difference
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Non-naturally occurring mutations in the polymerase

gene play an important role in developing resistance to

nucleoside or nucleotide analogues [138], but do not

appear to have an adverse effect on the outcome of IFN

therapy.

Conclusions

Several hepatitis B viral factors such as serum HBV DNA

level, genotype, and naturally occurring mutants have

already been identified to influence liver disease progres-

sion and therapy of chronic hepatitis B. On the basis of

these emerging data, it is recommended that HBV carriers

be routinely genotyped to help identify those who may be

at a higher risk of liver disease progression and who are

most appropriate for interferon treatment. In the future,

more investigations are needed to clarify the molecular and

virologic mechanisms of these viral factors involved in the

pathogenesis of each stage of liver disease and response to

antiviral treatments.
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