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Abstract
Chronic hepatitis B (CHB) is a condition of global prevalence and its sequelae include cirrhosis and hepatocellular carcinoma. The natural history of CHB is a complex interplay of virological, environmental and host factors. The dynamic relationship between the virus and host evolves over the duration of the infection and different phases of the disease have been observed and described. These have been conceptualized in terms of the state of balance between the host immune system and the hepatitis B virus and have been given the labels immune tolerant, immune clearance, immune control and immune escape although other nomenclature is also used. Host factors, such as age at infection, determine progression to chronicity. Virological factors including hepatitis B viral load, mutations and genotype also have an impact on the adverse outcomes of the infection, as do hepatotoxic cofactors such as alcohol. Our understanding of the natural history of CHB has evolved significantly over the past few decades and characterizing the phase of disease of CHB remains an integral part of managing this virus in the clinic.
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EPIDEMIOLOGY: GLOBAL

Hepatitis B is a major, worldwide, public health problem. Current World Health Organization estimates for the prevalence of hepatitis B infection are that 240 million people have chronic infection and that approximately 600000 people die every year due to the acute or chronic complications of the virus[1]. Estimates from around 2004 suggested that 2 billion people worldwide have been exposed to the hepatitis B virus (HBV)[2]. The rates of chronic carriage of hepatitis B surface antigen (HBsAg) can be up to 20% or more in some countries, and the proportion of patients with serology reflecting previous exposure to HBV (hepatitis B core Ab and hepatitis B surface Ab) can be up to 70%-95%[3]. Asia and the Western Pacific have the highest proportion of chronic hepatitis B (CHB) with 75% of the world’s CHB population being concentrated in these countries[4]. Globally overall, 30% of cirrhosis and 53% of hepatocellular carcinoma (HCC) has been calculated to be attributable to hepatitis B infection. In certain regions of the world e.g., Africa and China, that proportion is even higher[5]. The prevalence of HBV infection varies in different countries[6]. Countries of low, medium and high prevalence have been identified and these differ in many ways including predominant mode of transmission and age at infection[7,8] (Table 1). The natural history of CHB is considered to evolve through a number of clinical phases reflecting different points in the host-virus immune relationship. These phases have differing patterns of HBV viral load, hepatitis B e antigen (HBeAg) status and serum transaminase concentration. The concept of different phases has been critical to our understanding of CHB. It gives clues to the likely time and mode of infection, provides prognostic information on likelihood of fibrosis progression and directs clinicians on the appropriate course of management.

NATURAL HISTORY OF HBV INFECTION
The natural history of CHB is determined by a complex interplay of viral, host and environmental factors (Figure 1)[9]. The influence of specific virological factors, on the course of CHB, is being increasingly recognized. For example, genotype can influence timing of seroconversion, but there is also evidence of an impact on adverse clinical outcomes. Genotype C compared to B[10] and genotype D compared to A[11] have been associated with more severe liver disease. The risk of developing HCC has been suggested to be increased in young patients with genotype B (especially those < 35 years)[12]. Specific viral mutations have been shown to be an independent risk factor for advanced liver disease, in particular the basal core promotor mutation[13]. HBV DNA levels have been shown to be a very strong predictor of cirrhosis and HCC in a cohort of over 3000 patients[14,15]. Environmental influences including co-infection with other hepatitis viruses (C or D) or human immunodeficiency virus, coexistent sources of liver injury such as in alcoholic or fatty liver disease and exposure to other infectious agents such as schistosomiasis or carcinogens like aflatoxin in parts of the developing world, also have a bearing on the development of cirrhosis or HCC in hepatitis B patients[16].

The host immunological response plays a key role in the natural history of HBV, both at the time of acute infection (in determining whether viral clearance ensues) and during chronic infection where the injury to the liver is caused primarily by the host immune cells, rather than from direct viral cytopathic effect. Progression from acute to chronic infection is thought to occur in about 90% of patients infected perinatally, approximately 20% of patients infected during childhood and < 5% of patients infected as adults[9].

HISTORICAL OVERVIEW OF HBV AND THE PHASES OF DISEASE

Blumberg et al[17] reported in 1967 on the discovery of a novel antibody found in the serum of a multiply transfused hemophilia patient. This antibody reacted with only 1 of 24 sera against which it was tested. The reacting serum came from an Australian aborigine hence the antigen was named the “Australia antigen”. Shortly afterwards it was noted that this viral protein was associated with hepatitis, especially “long incubation” viral hepatitis[18] and post transfusion hepatitis[19]. The Australia antigen was subsequently renamed HBsAg and it was noted that HBsAg positive patients could fall into 2 clinical categories; those with evidence of liver disease (abnormal alanine aminotransferase (ALT) and necroinflammation on liver biopsy) and those without, who were termed “healthy” HBsAg carriers[20,21].

The natural history of HBV infection was then observed by groups from different parts of the world and differences in the serological profiles and clinical courses of HBV infected patients from these different regions emerged. For example, an early follow-up study by Hoofnagle of 25 HBsAg and HBeAg positive individuals showed loss of HBeAg and normalisation of ALT in 13, while in the other 12 HBeAg persisted as did elevation of ALT[22]. Loss of HBeAg and development of antibodies to this antigen (HBeAb) represents “e-antigen seroconversion” a state that heralds a change in the host’s reaction to the virus[22,23]. Therefore 2 sequential phases of CHB were proposed; a “replicative” and “non-replicative” phase. However, observation of Asian patients identified an early phase with HBeAg positivity and very high HBV DNA levels but normal ALT and liver histology. This was noted in both children and young adults who had presumably acquired HBV perinatally. It was thought to represent an initial immune tolerant phase and this was a further integral contribution to the understanding of HBV’s natural history[24,25]. A fourth phase of HBV was subsequently added to the natural history schema in which viral replication returned in patients positive for HBeAb and this was associated with abnormal liver tests. This phase was described as “reactivation”[26-28].

CLASSIFICATION OF PHASES OF DISEASE OF CHB
The nomenclature for the phases of disease has evolved over time and varies slightly between different international societies. For example, the National Institutes of Health sponsored workshops in the United States in 2000 and 2006 defined 3 phases of chronic HBV infection: the “immune tolerant phase”, the “immune active phase” (encompassing both HBeAg positive and HBeAg negative patients with elevated ALT, although with different thresholds for HBV DNA elevation) and the “inactive” hepatitis B phase[29,30]. This followed on partly from the clinic-pathological work of Chu et al[24] in the 1980s. Meanwhile at a 2006 workshop in Frankfurt of the European viral hepatitis educational initiative, the terminology “immune tolerant”, “immune clearance”, “immune control” and “immune escape” was used. They were applied to the 4, largely sequential, HBeAg positive (phases 1 and 2) and HBeAg negative (phases 3 and 4) CHB disease states[31] (Figure 2). The term “recovery phase”, for resolved hepatitis B (HBsAg negative, HBcAb positive) has also been proposed[16,32]. Australian guidelines published by the Digestive Health Foundation of the Gastroenterological Society of Australia in 2009 also use the 4 phase immune based terminology[33]. Currently, the guidelines of the 3 major international associations for the study of liver disease, American Association of the study of liver diseases (AASLD), European Association for the study of the liver (EASL) and Asian Pacific Association for the study of the liver (APASL) use similar definitions to describe the phases but slightly different nomenclature as outlined in Table 2[34-36]. It must be noted that not all patients with CHB go through all phases. Furthermore the duration of time spent in different phases differs and transition from one phase to the next may be so fast that distinct phases may not be recognizable in clinical practice.

IMMUNE TOLERANT PHASE

The key features of this phase are HBeAg positivity, very high serum HBV DNA levels (usually > 2 × 106-2 × 107 IU/mL) but normal ALT levels and minimal or absent inflammation or fibrosis on liver biopsy. Current Australian guidelines include HBV DNA levels of > 20000 IU/mL for definition of this phase. The immune tolerant phase is classically seen in Asian children infected perinatally with HBV and can last for several decades[37]. The phase is also seen in childhood acquired, horizontal infection but is thought to be of much shorter duration[38]. An early study by Lok and Lai in Chinese children in the immune tolerant phase (43 HBeAg positive children, median age 10, followed for a median of 24 mo) showed that HBV DNA levels were highest in the youngest children. They also demonstrated that while average ALT levels were similar at the first and last follow-up visits, being 25 and 20 IU/mL respectively, mild transient elevations of ALT, sometimes accompanied by changes in HBV DNA were noted during follow-up[25]. Liver histology in the immune tolerant phase shows non-specific histologic change[39]. A 2007 study from Hong Kong of paired liver biopsies showed little or no histological fibrosis on initial liver biopsy (median fibrosis Ishak stage 1) in 57 adult immune tolerant patients and a very low rate of progression over 5 years[40]. A paired transient elastography study with liver stiffness measurements in HBeAg positive patients, 74 in the immune tolerant phase and 137 in the immune reactive phase, similarly found low rates of fibrosis progression, 4.2% and 6.6% for the aforementioned groups respectively, over a 42 mo period[41]. In contrast, Lai et al[42] recently found that a fibrosis stage of 2 or greater could be seen in 18% of HBeAg-positive subjects with persistently normal ALT (defined as ALT < 40 on at least 2 occasions over at least 6 mo). However, the authors acknowledge that few of their persistently normal ALT patients truly fit the picture of immune tolerance being older or with lower viral loads. They suggest that the term be reserved for young patients with HBV DNA > 108 copies/mL and “low normal” ALT[42]. The “loss” of immune tolerance typically occurs during the second and third decades[8] and was noted to occur at a median age of 30.7 years in a retrospective study of 40 HBeAg positive patients with normal ALT and HBV DNA > 107 copies/mL[43]. Increasing age has been shown to predict adverse outcomes in HBeAg positive patients[42,44]. These data therefore make it important for clinicians to be vigilant in evaluating and monitoring older HBeAg positive patients in the immune tolerant phase of disease - especially those with “high normal” or minimally elevated ALTs or intermittent elevation of ALT. Biopsy has been advocated for immune tolerant patients who are older than 40 years to assess degree of histologic damage[34]. Treatment has not generally been recommended during the immune tolerant phase because of the lack of proven efficacy. Early studies in children treated during the immune tolerant phase did not show increased rates of seroconversion either with interferon (IFN) or lamivudine[45,46]. However a recent case control study of 28 children in the immune tolerant phase, treated with lamivudine for 8 wk followed by IFN alpha for 44 wk, showed durable HBeAg seroconversion in 10/28 (36%) and HBsAg clearance in 6/28 (21.4%) after a mean follow-up of 21 mo[47].

IMMUNE CLEARANCE PHASE

The immune clearance phase is a phase of HBeAg positive CHB, characterized by intermittent or persistent elevation of ALT levels and high HBV DNA levels, although not as high as in the immune tolerant phase. This is a period of immune mediated liver damage as evidenced by necroinflammation on liver biopsy and varying degrees of fibrosis. A typical feature of this phase is the occurrence of spontaneous flares which represent an intensification of the immune response to HBV. Flares are often preceded by an increase in the HBV DNA level and thus may be precipitated by the increased levels of replicating wild-type virus[48] although the cause of this remains unclear. There are no strict definitions or criteria for flares however in early work done by several Asian groups the studies generally used ALT greater than 5-times the upper limit of normal (ULN) or an absolute elevation in ALT greater than 300 IU/mL. Histologically there is evidence of acute lobular hepatitis superimposed on changes of chronic viral hepatitis[49] but severe changes of bridging necrosis have also been described. Clinically, most flares are asymptomatic but some may be accompanied by symptoms of acute hepatitis. Hepatic decompensation can occur in approximately 5% of flares and has been shown to be predicted by HBV DNA levels of > 1.55 × 109 copies/mL (approximately 2.88 × 107 IU/mL)[50]. Flares may rarely result in fatality[51]. Factors predicting HBeAg seroconversion following a flare include alpha fetoprotein (AFP) greater than 100 ng/mL, presence of bridging necrosis on liver biopsy and also the degree of ALT elevation[52]. The chance of HBeAg seroconversion within 3 mo of a flare in patients with peak ALT levels > 5 × ULN was 46.4%. This was compared with 27.2% and 35.6% in patients with peak ALT levels 1.5-2 times ULN and 2-5 times ULN respectively. Those with peak ALT > 5 ULN as well as peak AFP levels > 100 ng/mL in this study had the highest chance of HBeAg seroconversion (57%) within three mo of the exacerbation[53]. The frequency with which flares occur was studied by Liaw et al[54] who found that in 237 HBeAg positive patients (mean follow-up of 24.5 mo), 199 episodes of flare (defined as ALT > 300 IU/mL) were noted in 148 (62%) patients. ALT flares are more common in men than women which may account for the higher rates of cirrhosis in men[55]. Although flares are a well recognized and frequent part of the natural course of hepatitis B, it is certainly wise also to consider superimposed infections with other hepatotropic viruses (hepatitis A, hepatitis C and hepatitis D) especially in patients with possible risk factors. The postpartum period, when immune reconstitution occurs following the relative immunosuppression of pregnancy, is a time of significant risk for HBV immune-mediated flares[56]. Although some data suggest that the prognosis following acute flares (ALT > 6 × ULN) is good, with a low rate of complications long term[57], severe acute exacerbation complicated by subacute hepatic failure carries an increased risk of cirrhosis[58]. In other patients there may be several abortive attempts at seroconversion associated with flares, with loss of HBeAg but then seroreversion (reappearance of HBeAg) being seen, especially in patients who have not yet developed HBeAb[59]. This, likewise, increases progression of fibrosis. The duration of the immune clearance phase has been shown recently to have a strong impact on the development of complications. Those who seroconvert after the age of 40 have a significantly higher risk of developing cirrhosis, HCC and HBeAg negative CHB than those whose seroconversion occurs before the age of 30 years[60].

OTHER PATTERNS OF ALT ABNORMALITY IN THE IMMUNE CLEARANCE PHASE: INDICATIONS FOR TREATMENT
In contrast to the dramatic ALT elevation seen in flares, Chu et al[61] showed that a certain proportion of patients only experience transient and mild elevation of serum ALT levels prior to seroconversion. There are also other data that suggest that the insidious but persistent damage caused by low level inflammation, manifest as ALT levels 1-2 × ULN portends the worst prognosis and the highest cumulative risk of developing complications of cirrhosis or HCC. These data were from a mixed cohort of HBeAg positive (39%) and negative patients whose median age at presentation was 38, however, the cumulative risk was similar in both the HBeAg positive and HBeAg negative patients[57]. Other data also show that a positive association between ALT and liver related morbidity begins at an ALT of > 20 IU/mL in women and > 30 IU/mL in men[62].

Thus, liver injury during the immune clearance phase of CHB may come about by different mechanisms. The guidelines for treatment published by APASL in 2008[36] and the AASLD in 2009[34] suggest that HBeAg positive patients aged less than 40 years with minimally elevated ALT (< 2 × ULN) need not be treated but may be observed. The 2012 EASL guidelines[35] allow that treatment may be considered in patients with ALT above ULN if they have a liver biopsy showing at least moderate necroinflammation and/or fibrosis whilst for those with “obviously active CHB” (defined as ALT > 2 × ULN and HBV DNA > 20000), treatment may be begun without liver biopsy. Decisions about institution of treatment in HBeAg positive CHB must be informed by knowledge of the likely course of disease and probable outcomes. Varying thresholds for defining the ULN for ALT complicate matters further. It seems likely that, in future, the management of HBeAg positive hepatitis B, will need to include lower thresholds for ALT and different ones for men and women. It also seems important that decisions about treatment should take into account age, since the risk of fibrosis increases with age and the likelihood of sustained viral suppression (a prolonged immune control phase) decreases with increasing age at seroconversion[60].

HBEAG TO HBEAB SEROCONVERSION

Various factors impact on the timing of HBeAg seroconversion, including age, genotype and age at acquisition of virus. In perinatally infected Asians, there is a prolonged period of immune tolerance and low rate of clearance of HBeAg until later life. Recent data from Hong Kong show that in a cohort of 1400 Chinese patients, approximately 15% of 441 patients in the 46-55 years age bracket were still HBeAg positive, and 20% of 352 in the 36-45 years age bracket were HBeAg positive[63]. The mean age of HBeAg seroconversion in 240 Asian immune tolerant patients was 31.3 ± 7 years[61]. In the Mediterranean area, there are differences in the age of seroconversion reported from centers in Italy vs Greece. For example, in a long term follow-up study of 70 Caucasian patients in Verona Italy, the mean age at seroconversion was 30 years (range: 13-65 years)[64]. However, numerous Greek studies have shown that seroconversion has occurred in almost 80% of patients by the second decade of life[8]. Genotype also impacts on the timing of seroconversion. In a retrospective study of 273 Chinese patients (122 with genotype B and 147 with genotype C), it was found that HBeAg seroconversion in genotype B patients occurred approximately 1 decade earlier than in genotype C patients[65]. Multivariate analysis showed that high ALT (baseline and during follow-up), age > 30 years and genotype B were independent factors associated with spontaneous HBeAg seroconversion[65]. Genotype D is also known to have a later seroconversion while, in contrast, genotype A is associated with earlier seroconversion[66].
It is interesting to consider the potential impact of better nutrition and living conditions (as well as viral co-infection) on immune response. A Canadian study of 70 adopted Asian-born children who were recruited at a mean age of 2 years, found that 75% had seroconverted over the subsequent 13 years. The viral genotype was not characterized in this study[67].

OUTCOMES OF HBEAG POSITIVE CHB AND SEROCONVERSION

HBeAg to HBeAb seroconversion may be followed by a prolonged and ideally lifelong transition to the inactive carrier state with eventual HBsAg loss. However, reaching this state of quiescence can take time, and following seroconversion there may be reversion to HBeAg positivity. In 512 Chinese patients aged 1-75 years, followed over 3 years, 7.8% of patients showed reversion from HBeAg negativity to an HBeAg positive state whilst 32.3% of HBeAg positive patients cleared HBeAg over the course of follow-up[59]. In terms of clinical outcomes, Chu et al[61] showed that the rate of development of cirrhosis in a group of 240 HBeAg positive patients followed up from the immune tolerant phase through to HBeAb seroconversion was 5%. The mean age at study entry was 27.6 ± 6.2 years and the mean age at HBeAg seroconversion was 31.3 ± 7 years. The annual incidence of cirrhosis was 0.5% and the factors predictive of the development of cirrhosis were age at HBeAg/HBeAb seroconversion and relapse of hepatitis which was seen in 15% of patients following HBeAg to HBeAb seroconversion.

Chen and Liaw[60] followed 483 patients from the time of confirmed HBeAb seroconversion and found that over a mean period of follow-up of 11.7 years, HBeAg negative hepatitis developed in 34%, cirrhosis in 10% and HCC in 2.5%. However, the rates of HBeAg negative hepatitis and cirrhosis were significantly higher (at 67% and 43% respectively) in patients whose seroconversion occurred after age 40. The lowest risk was in patients who seroconverted before the age of 30 (31% risk of HBeAg negative hepatitis and 3.7% of cirrhosis). Following seroconversion, the duration of remission, prior to relapse with HBeAg negative CHB, was significantly shorter in those whose seroconversion occurred after the age of 40 compared to those with seroconversion before age 30 years (6.2 years vs 9.5 years, P = 0.004).

IMMUNE CONTROL PHASE

Loss of HBeAg, development of HBeAb, normalization of ALT and reduction of HBV DNA levels to undetectable or very low levels signifies clinical remission of CHB and entry into the phase of “immune control” or the “inactive carrier state”. This phase of disease has had varying titles, as well as definitions over time. The ideal cut-off level of HBV DNA to define this state has been contested over the last few years, decreasing from 100000 copies/mL to 30000 copies/mL[29,68] and further still more recently. Most current guidelines use the level of 2000 IU/mL[34] although acknowledging that levels up to 20000 IU/mL may be seen[35]. The REVEAL-HBV study identified an increased risk for the development of cirrhosis and HCC beginning at a threshold of 2000 IU/mL[14,15]. However several recent studies have lent support to use of the threshold of 20000 IU/mL in place of 2000 IU/mL to define the inactive carrier state. Chen et al[69] looked at 62 patients with persistently normal ALT over 10 years and found HBV DNA levels were largely < 20000 IU/mL. Furthermore, a review of 6 studies of HBeAg negative patients with persistently normal ALT found that significant histological liver disease was rare in patients with persistently normal ALT, based on strict criteria, even in patients with HBV DNA up to 20000 IU/mL[70]. It is important that a patient should be shown to have normal ALT levels and 2-3 HBV DNA levels in the appropriate range (ideally < 2000 IU/mL) over the course of at least 1 year prior to classification into this phase of disease, since HBeAg negative CHB may run a fluctuating course. The prognosis for patients in the inactive carrier state is good. Although transition to HBeAg negative CHB can occur in approximately one third of patients[60,71], this risk decreases with time. Chu et al[72] reported that the proportional increase in risk of relapse was lower with longer follow-up, e.g., the cumulative incidence of relapse was 10.2% at 5 years and 17.4% at 10 years (7.2% increase from 6th to 10th year of follow up). Relapse however was seen in only 19.3% after 15 years, and 20.2% of patients at 20 years (representing only a 1.9% and 0.9% increase respectively for the 5 year blocks during the second decade of follow-up). It was reported to be negligible after 20 years of follow-up.

HBEAG NEGATIVE CHB

The state of active liver disease associated with HBeAg negativity due to the presence of mutations in the precore and/or basal core promotor region of HBV[73], was first recognized in countries around the Mediterranean basin. It has subsequently been recognized to be globally prevalent[74] and is currently the main form of CHB worldwide[75]. Patients in the HBeAg negative CHB phase are older and have higher rates of fibrosis than HBeAg positive patients[44]. A feature of this phase is also the fluctuating nature of ALT abnormality. Tai et al[76] showed that, in a group of 3673 HBeAg negative patients who began a 3 year followup period with normal ALT, those with an increase of ALT to at least 2 times ULN (ULN defined as 36 IU/mL) had a higher incidence of cirrhosis, HCC and mortality compared with those who maintained persistently normal ALT. The importance of HBV DNA concentration in this phase has also been shown in the REVEAL-HBV studies in which 85% of the cohort were HBeAg negative and in whom the risk of cirrhosis and HCC were correlated strongly with HBV DNA levels[14,15].

RESOLVED HEPATITIS B

In addition to the 4 phases outlined above, the EASL 2012[35] and AASLD 2009[34] guidelines also define the HBsAg negative phase, after HBsAg loss. In this phase low level HBV replication may persist with HBV DNA detectable in the liver, although usually not in the serum. The rates of HBsAg clearance was evaluated by Liaw et al[77] in a large cohort of patients divided into 2 groups, 984 with “CHB” (69.3% HBeAg positive) and 1598 “chronic HBV carriers” (with normal ALT, 28% HBeAg positive). HBsAg loss was noted in 19/984 (1.9%) patients with “CHB” and 35/1598 (2.2%) chronic HBV carriers with normal ALT followed up for 4 ± 2.3 years and 2.7 ± 1.4 years respectively. This translates to an annual rate of 0.5% in CHB patients and 0.8% in chronic carriers. HBsAg clearance only occurred after HBeAg seroconversion. The rate of HBsAg loss in this study is slightly higher than a previous small Asian study of HBsAg clearance in patients followed for at least 6 mo, in which only 1 of 323 chronic carriers cleared HBsAg[78]. However, the rates are lower than in older Caucasian group studies. Whilst loss of HBsAg is the closest endpoint we have to a cure from HBV infection, it should be appreciated that viral DNA can be archived within the host genome in the form of covalently closed circular DNA (cccDNA). The significance of resolved hepatitis B has gained importance especially in the setting of immunosuppression due to the risk of HBV reactivation. Some patients with HBsAg loss may still have detectable HBV DNA in the serum (occult HBV) and these individuals are particularly vulnerable to HBV reactivation following chemotherapy for hematological malignancies and breast cancer, and chemotherapy regimens that contain either steroids or rituximab[79,80].
NATURAL HISTORY OF ADULT-ACQUIRED HEPATITIS B

Although it is suggested that the rate of chronicity from adult-acquired hepatitis B is rare[81], the actual rates reported are variable. A recent study of 215 untreated patients from Japan, (mean age 31.8 years) with acute hepatitis B, found that 21 (9.8%) developed chronic infection defined as persistent HBsAg for > 6 mo. However, all but 6 (2.8%) had cleared HBsAg by 12 mo, and 5 of the 6 were genotype A. The rates of chronicity at 6 mo were 12.4% in genotype A, 3.8% in genotype B and 8.2% in genotype C. Looked at another way, 6% of genotype A patients with acute infection transitioned to chronicity. The authors propose that criteria for chronic infection be changed to HBsAg persistence at 12 mo rather than 6 mo in adult acquired hepatitis B. They report that higher HBV DNA levels and HBsAg levels early in the course of infection correlated with likelihood of chronicity[82].

CONCLUSION
Our understanding of the natural history of CHB has evolved greatly over the past 40 or so years. Further new studies continue to add information about differences in serological markers between different phases of disease. Nguyen et al[83] showed that the level of quantitative HBsAg could help differentiate between patients in various phases of CHB infection, being highest in patients in the immune tolerant phase of disease and lowest in those in the HBeAg negative low replicative phase. Specific virological factors can impact on natural history, for example, the likelihood of progression to chronicity (genotype in adult acquired HBV) and the risk of cirrhosis or HCC (HBV DNA level and BCP mutations). External factors including co-infection with HCV or HDV and other causes of liver injury can also influence the development of advanced fibrosis. Characteristics of the host, especially age at time of seroconversion and immune competence in those with resolved hepatitis B, also have a bearing on the future course of the disease. The phases of CHB as outlined above have been elucidated through the work of groups from all over the world over the past 40 years. They provide a useful framework within which to interpret overall risk for individual patients and remain a central part of the clinical assessment. Our conceptualization of the natural history of hepatitis B has evolved significantly over time, but it is likely that future insights will continue to improve our understanding of this complex virus and its dynamic interaction with its human host.
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FIGURE LEGENDS

Figure 1  Factors interacting to affect the natural history of chronic hepatitis B. HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; HDV: Hepatitis D virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.
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Figure 2  Natural history and phases of chronic hepatitis B. The figure represents the possible courses of perinatally acquired chronic hepatitis B and progression through different phases. The red line represents hepatitis B virus DNA with fluctuations in viral load during flares while dashed red represents an alternative course. The black line represents alanine aminotransferase (ALT) with the dashed black line representing persistent elevation of ALT while the solid line represents intermittent elevation of ALT and flares. HBeAg: Hepatitis B e antigen; HBeAb: Antibodies to HBeAg.
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Table 1  Geographical variation in hepatitis B prevalence and patterns of transmission[8]


Pattern of prevalence�
Geographical area�
Percent of population HBsAg positive�
Predominant age at infection�
Predominant mode of transmission�
�
High ≥ 8%�
Southeast Asia, China, Pacific Islands, Sub- Saharan Africa�
8%-20%�
Perinatal and early childhood�
Maternal-infant, percutaneous (e.g., unsterile medical equipment used in vaccination, traditional medicine practices)�
�
Intermediate 2%-7%�
Eastern Europe, the Mediterranean basin, Middle East, Central and South Asia, Japan, Central and South America�
2%-7%�
Early childhood/adolescence�
Percutaneous (e.g., horizontal transmission between children through open wounds/cuts), sexual�
�
Low < 2%�
United States and Canada, Western Europe, Australia and New Zealand�
0.2%-0.5%�
Adult�
Sexual, percutaneous (e.g., intravenous drug use)�
�
HBsAg: Hepatitis B surface antigen.





Table 2  Phases of disease in chronic hepatitis B


�
Phase 1�
Phase 2�
Phase 3�
Phase 4�
�
�
Immune tolerance�
Immune clearance�
Immune control�
Immune escape�
�
Serology�
HBeAg positive�
HBeAg positive�
HBeAg negative�
HBeAg negative�
�
�
HBeAb negative�
HBeAb negative�
HBeAb positive�
HBeAb positive�
�
ALT (IU/mL)�
Persistently normal�
Persistently or intermittently abnormal�
Persistently normal�
Persistently or intermittently abnormal�
�
HBV DNA (IU/mL)�
Very high (usually > 2 × 106-2 × 107)�
High but less so than in Immune tolerant phase�
< 2000 IU/mL (but up to 20000 IU/mL)�
> 2000 IU/mL (fluctuating)�
�
Liver histology�
Normal or mild hepatitis�
Moderate or severe necroinflammation and fibrosis�
Normal or mild inflammation�
Moderate to severe inflammation and fibrosis ± cirrhosis�
�
Specific features�
Age usually young (< 20-30 yr). Phase absent or very short in Mediterranean CHB�
Intermittent flares or ongoing mild elevation of ALT. Ends with seroconversion to HBeAb positive state�
May have serum HBsAg levels < 1000 IU/mL�
Predominance of HBV with precore/basal core promotor mutations�
�
Alternative nomenclature�
Immunotolerant�
HBeAg positive immune active (AASLD)/immune reactive HBeAg positive phase (EASL)�
Inactive HBsAg carrier state (EASL and AASLD)/residual or inactive chronic HBV infection (APASL)�
HBeAg negative CHB (EASL)/reactivation or relapse (APASL)�
�
Adapted from Ref [33]. CHB: Chronic hepatitis B; AASLD: American Association of the study of liver diseases; EASL: European Association for the study of the liver; APASL: Asian Pacific Association for the study of the liver; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen.
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