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    Chapter 11   
 Natural History of Hepatitis B Virus Infection       

       Chia-Ming     Chu       and     Yun-Fan     Liaw     

            Introduction 

 Hepatitis B virus (HBV) infection is a global public health problem. Despite the 
development of highly effective vaccines against the disease since the early 1980s 
and the implementation of universal newborn  vaccination programs   in more than 
168 countries, there is still a huge burden of liver disease due to chronic hepatitis B 
[ 1 ]. An estimated 240 million people in the world, representing over 3.7 % of the 
global population, are chronically infected with HBV and 75 % of them reside in 
Asia-Pacifi c region [ 2 ]. Between one-quarter and one-third are expected to develop 
progressive liver disease, including cirrhosis and hepatocellular carcinoma (HCC) 
and 15–25 % will die from HBV-related liver disease. Worldwide, HBV infection 
accounts for 30 % of patients with cirrhosis and 53 % of those with HCC, and over 
200,000 and 300,000 hepatitis B surface antigen (HBsAg) carriers die each year 
from cirrhosis and HCC, respectively [ 3 ]. In Taiwan, HBsAg carriers are at 5.4- and 
25.4-fold increased risk of mortality from cirrhosis and HCC, respectively [ 4 ]. 

 The natural course of HBV infection is complex and variable. Substantial 
improvement during the past decades in the understanding of HBV  virology   and 
host immune response to HBV, combined with the recent availability of highly 
sensitive HBV DNA assays and quantitative  HBsAg assays  , has led to new insights 
into the natural history of HBV  infection  .  
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     Epidemiology   

 Worldwide, an estimated two billion people have been infected with HBV, and 
some patients with acute HBV infection develop chronic HBV infection. The 
global prevalence of chronic HBV infection varies greatly among different geo-
graphical areas, and was classifi ed into high-prevalence (Southeast Asia, China, 
sub-Saharan Africa, and Alaska), intermediate-prevalence (Mediterranean coun-
tries, Eastern Europe, Central Asia, Japan, Latin, and South America), and low-
prevalence areas (USA, Western Europe, Australia, and New Zealand) based on the 
 prevalence   of HBsAg carriers of >8, 2–8, and <2 %, respectively [ 1 ]. The corre-
sponding lifetime risk of being exposed to HBV infection is approximately 60–80, 
20–60, and 10–20 %, respectively. 

 Associated with a wide range in prevalence of chronic HBV  infection   are differ-
ences in the predominant mode of transmission and age at infection. In high- 
prevalence       areas, the mode of HBV transmission differs remarkably between 
Southeast Asia and sub-Saharan Africa. In Southeast Asia,  perinatal transmission   is 
common and accounts for 40–50 % of chronic infection. In contrast, in sub-Saharan 
Africa, perinatal transmission does not play a major role and inapparent  horizontal 
transmission   by HBsAg positive family members and playmates or by unsafe thera-
peutic injections is the major route of HBV transmission, with most children being 
infected by the age of 5 years. This difference is related to the higher prevalence of 
hepatitis B e antigen (HBeAg) in Southeast Asia female carriers of childbearing age 
(40–50 %) than in sub-Saharan Africa (10–18 %) [ 5 ,  6 ], as 80–90 % of HBeAg 
positive mothers will transmit the disease to their off springs, compared with only 
15–20 % of those seronegative for HBeAg [ 7 ]. In low-prevalence areas, hepatitis B 
is a disease of young adults, typically those who have high-risk behavior such as 
sexual promiscuity or drug abuse or are in high-risk occupations. 

 The worldwide incidence of HBV infection is decreasing as a result of vaccination 
and public health education. For instance, in Taiwan, after the implementation of uni-
versal vaccination programs in newborns in 1984,  the   HBsAg carrier rate among chil-
dren <15 years of age decreases from 10 % in pre-vaccination era to 0.6 % in 2004 [ 8 ] 
and 0.5 % in 2009 [ 9 ]. The prevalence of HBsAg in the population ≤25 years of age 
born after the vaccination program is 0.9 % [ 9 ]. In the USA, the incidence of reported 
acute hepatitis B declines by 81 % from 8.5 to 1.6 cases/100,000 during the period 
1990–2006. However, immigrants from high-prevalence areas are now responsible 
for an increasing burden of chronic HBV infection in many developed countries.  

    Acute HBV Infection 

    Clinical Manifestations 

 Acute HBV infection in neonates is clinically asymptomatic in most cases. 
Symptomatic hepatitis occurs in only 10 % of children less than 4 years old [ 10 ]. 
In rare instances, mothers seropositve for antibody against HBeAg (anti-HBe) may 
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transmit HBV to their babies, resulting in severe or fulminant hepatitis within the 
fi rst year of life [ 11 ]. HBV with mutations of basal core promoter (BCP) and pre-
core regions, which reduce or abrogate HBeAg production, may be one of the fac-
tors in the  pathogenesis of fulminant hepatitis   in children [ 12 ]. 

 On the contrary, approximately 30 % of immunocompetent adults with acute 
HBV infection develop icteric hepatitis [ 10 ], and 0.1–1 % develop fulminant hepa-
titis [ 13 ]. Among patients hospitalized for acute hepatitis B, the fatality rate is 1 %. 
HBV infection accounts for >50 % of fulminant cases of viral hepatitis. The reason 
that HBV has a fulminant course in some patients remains unclear. Both viral and 
host factors may be involved in the pathogenesis of fulminant hepatitis B. However, 
the association of precore and  BCP mutations   with fulminant hepatitis B in adults is 
controversial [ 14 ,  15 ].  

    Chronic Evolution 

 The risk of chronicity after primary HBV infection varies and depends on the age 
and immune status at the time of infection. Among infants born to HBeAg positive 
mothers, hence infected in the perinatal period, the probability of  chronic infection 
approaches   90 %. When infected at 1–5 years of age, 20–30 % of the children 
become chronically infected, while among older children the probability falls to 
5–10 % [ 10 ]. The extremely high chronicity after perinatally acquired infection is 
presumably related to the immature immune system of the neonates. Another pos-
sible mechanism is that the fetus is tolerated in utero to HBV following transplacen-
tal passage of viral  proteins   [ 16 ]. The risk of chronicity among normal, healthy, 
immunocompetent adults is ≤5 %, but varies considerably (<1–12 %) among diverse 
populations [ 17 ], being extremely low (0.2 %) in Greece [ 18 ] and appreciably high 
(12.1 %) in Germany [ 19 ]. The risk of chronicity is greatly increased in immune 
compromised patients, such as patients on chronic hemodialysis, those on immuno-
suppression following solid organ transplantation, and those receive cancer chemo-
therapy. Patients with concomitant human immunodefi ciency virus (HIV) infection 
are also at signifi cant risk of developing chronic infection, with 20–30 % remain 
HBsAg positive after  acute infection  . 

 Classically, persistence of serum HBsAg for more than 6 months is considered to 
represent a progression to chronic infection. However, a recent study from Japan 
showed that 90.2 % of patients cleared serum HBsAg within 6 months, 7 % between 
7 and 12 months after the onset of acute hepatitis B and 2.8 % had persistence of 
HBsAg for more than 12 months [ 20 ]. Another study showed that the rate of persis-
tence of HBsAg was 23.4 % at 6 months and 7.5 % at 12 months in genotype A 
HBV infection; while the corresponding fi gure for genotype non-A HBV infection 
was 8.6 and 0.9 %, respectively [ 21 ]. These results further indicate that genotype A 
HBV is an independent risk factor for progression to chronic infection. The differ-
ent risk of  chronicity   in adults from diverse geographical areas may be in part attrib-
uted to HBV genotype difference. It is also possible that the longer persistence of 
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serum HBsAg refl ects the higher sensitivity of the most up-to-date assays for 
HBsAg as compared to previous assays. Persistence of HBsAg for more than 12 
months, as measured with a highly sensitive method, may be suitable for redefi ning 
the progression of acute hepatitis B to chronicity.   

    Chronic HBV Infection 

    Clinical Presentation 

 In low- or intermediate-prevalence areas, approximately 30–50 % of patients with 
chronic HBV infection have a history of classical acute hepatitis that progressed to 
chronic infection. In patients from high-prevalence areas, most patients are inciden-
tally identifi ed to be HBsAg carriers, almost none had evidence of progression from 
overt  acute hepatitis  . 

 Patients with chronic HBV infection may experience acute hepatitis fl are that 
may be asymptomatic or mimic acute hepatitis with fatigue, anorexia, nausea and, in 
rare instances, jaundice or even  hepatic decompensation  . In Taiwan, as many as 
40 % of HBsAg positive patients with clinical diagnosis of acute hepatitis are actu-
ally chronic HBsAg carriers who remained unrecognized until they present the epi-
sode of overt acute hepatitis. They are positive for HBsAg but negative for 
immunoglobulin class M antibody against hepatitis B core antigen (IgM anti-HBc), 
so-called “previously unrecognized  HBsAg carriers   with acute hepatitis fl ares or 
superimposed other forms of acute hepatitis” [ 22 ]. In these high-prevalence areas, 
an episode of acute hepatitis in HBsAg positive patients is more likely an acute 
hepatitis fl are of chronic HBV infection rather than acute hepatitis B.  

     Phases   of Chronic HBV Infection 

 The patients with chronic HBV infection may present one of the following four 
biochemical and serological profi les: (1) HBeAg positive with normal alanine ami-
notransferase (ALT) levels; (2) HBeAg positive with abnormal ALT levels; (3) 
HBeAg negative with  normal ALT levels  ; and (4) HBeAg negative with abnormal 
ALT levels. These four patterns of presentation actually represent different phases 
of chronic HBV infection. 

 As a result of the dynamic interplay of complex interactions involving HBV, the 
hepatocyte and the host immune response, the natural course of chronic HBV infec-
tion consists of distinct phases, characterized and diagnosed on the basis of HBeAg/
anti-HBe serology, serum HBV DNA levels, ALT levels and liver histology. 
Typically, chronic infection acquired perinatally or during infancy consists of three 
chronological phases: the initial immune tolerance phase, followed by immune 
clearance phase, and fi nally the low replicative inactive phase [ 23 – 25 ]. In a subset 
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of inactive carriers, HBV may reactivate and trigger immune mediated liver injuries. 
This reactivation phase can be viewed as a variant of immune clearance phase [ 1 ]. 
Among the minority of adult patients who progress to chronic hepatitis B, there is 
usually no or very short initial immune tolerance phase. Successful immune clear-
ance occurs more readily. Otherwise, the clinical course is the same as seen in peri-
natally acquired infection. 

 The serological course of chronic HBV infection is shown in Fig.  11.1 . The clinical, 
serological, histopathological and virological characteristics of immune tolerance 
phase, immune clearance phase,  inactive carrier state   and reactivation of HBV are 
summarized in Table  11.1 .
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  Fig. 11.1    Serological course of chronic hepatitis B virus infection. The initial immune tolerant 
phase is characterized by a high level of HBV replication, HBeAg positivity, and a normal 
ALT. This period can last up to 20–25 years following perinatal infection, but is short or absent in 
adult acquired infection. During the immune clearance phase, there is a reduction in HBV DNA 
levels associated with raised ALT levels (HBeAg positive chronic hepatitis B). This phase can last 
for years until HBeAg seroconversion. After HBeAg seroconversion, the patient enters the low 
replicative phase, characterized by low or undetectable HBV replication and a normal ALT (inac-
tive carrier state). Some inactive carriers can develop HBV reactivation with either wild-type HBV 
and reversion to HBeAg positivity or more frequently with HBV variants with mutations limiting 
HBeAg production (HBeAg negative chronic hepatitis). Reactivation of HBV can be viewed as a 
variant of immune clearance phase. Serum levels of HBsAg decrease gradually during the natural 
course of chronic HBV infection. In a subset of inactive carriers, serum HBsAg even disappears 
spontaneously, followed by anti-HBs seroconversion in up to 75 % at 10 years following HBsAg 
seroclearance.  ULN  upper limit of normal       
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       Immune Tolerance Phase 

 The  immune tolerance phase      is characterized by the presence of HBeAg, very high 
serum level of HBV DNA (>2 × 10 7  IU/mL) and HBsAg (4.5–5.0 log 10  IU/mL) 
[ 26 – 28 ], normal ALT level, normal liver or only minimal necroinfl ammatory activ-
ity and scant fi brosis. Immunostaining of HBV antigens in liver shows that HBsAg 
is distributed diffusely on the hepatocyte membrane and focally in the cytoplasm, 
and hepatitis B core antigen (HBcAg) is distributed predominantly in nuclei [ 29 ]. 
There is usually little or no disease progression as long as serum ALT levels remain 
normal  and   the immune tolerance is maintained [ 30 ]. 

 The exact  mechanisms   for immune tolerance are unknown. Even though HBV 
virus does not cross the placenta, HBeAg secreted by the virus does. Experiments 
in mice suggest that a transplacental transfer of maternal HBeAg may induce a spe-
cifi c unresponsiveness of helper T cells to HBeAg in neonates. Because  HBeAg and 
HBcAg   are highly cross-reactive at the T-cell level, deletion of the helper T-cell 
response to HBeAg results in an ineffective cytotoxic T-Iymphocyte (CTL) response 

   Table 11.1    Phases of chronic HBV infection: clinical, serological, histopathological and 
virological characteristics   

 Characteristics  Immune 
tolerance phase 

 Immune 
clearance phase 

 Inactive carrier 
state 

 Reactivation 
of hepatitis B 

 Age (years)  <20–25  20–40  >35–-40  >35–40 
 Serology 
 HBsAg (log 10  IU/mL)  4.5–5.0  3.5–4.5  2.0–2.5  3.0–3.5 
 HBeAg  Positive  Positive  Negative  Negative 
 HBV DNA levels 
(log 10  copies/mL) 

 Very high 8–12  High 6–10  Low or 
undetectable <4 

 Moderate, 
fl uctuating 4–8 

 ALT  Normal  Elevated  Normal  Elevated 
 Precore/basal core 
promoter 

 Wild type  Mixed (Wild 
type > mutant) 

 Mixed 
(mutant > Wild 
type) 

 Mutant 

 Histopathology 
 Infl ammation  Absence  presence  Absence  Presence 
 Hepatocyte HBsAg  Positive 

(membrane/
cytoplasm) 

 Positive 
(membrane/
cytoplasm) 

 Positive 
(cytoplasm) 

 Positive 
(membrane/
cytoplasm) 

 Hepatocyte HBcAg  Positive 
(nucleus) 

 Positive 
(nucleus/
cytoplasm) 

 Negative  Positive 
(cytoplasm) 

 Disease progression  No/minimal  Yes  No  Yes 
 HBsAg seroclearance  No  No  1–2 %/year  No 

   HBV  hepatitis B virus,  HBsAg  hepatitis B surface antigen,  HBeAg  hepatitis B e antigen,  ALT  ala-
nine aminotransferase,  HBcAg  hepatitis B core antigen  
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to HBcAg, the major  targe  t of the immune response [ 16 ]. The viral population identi-
fi ed during the immune tolerance phase usually consists of exclusively wild type 
HBeAg-positive HBV with little or no mutant type HBeAg-negative HBV [ 15 ,  16 ].  

    Immune Clearance Phase 

 The transition  from   immune tolerance to immune clearance phase usually occurs 
between age 20 and 40, but may sometimes start earlier and even occur in pediatric 
patients. During this phase,  serum HBeAg   is still positive but ALT levels become 
abnormal,     accompanied by declining levels of serum HBV DNA and HBsAg. Serum 
HBV DNA levels generally exceed 20,000 IU/mL and HBsAg levels are usually in 
the range of 3.5–4.5 log 10  IU/mL [ 26 – 28 ]. There is a positive correlation between 
serum HBsAg levels and serum HBV DNA or intrahepatic covalently closed circular 
DNA (cccDNA) levels. Liver biopsy demonstrates moderate or severe necroinfl am-
mation with variable amounts of fi brosis. HBsAg is distributed diffusely on the 
hepatocyte membrane and focally in the cytoplasm, as seen in immune tolerance 
phase, but intrahepatic nuclear HBcAg expression decreases with concomitant 
increase in  cytoplasmic/membranous HBcAg expression   [ 29 ]. These results suggest 
that membranous expression of HBsAg is closely related to  act  ive viral replication 
but is probably not responsible for liver cell damage, and that hepatocytes with 
cytoplasmic/membranous HBcAg expression might be possible targets for immune 
hepatocytolysis [ 29 ]. 

 Little is known about the  mechanisms   that regulate the loss of immune tolerance 
in chronic HBV infection. The fi nding that immune clearance phase is accompanied 
by a change in the intrahepatic distribution of HBcAg from nuclear to cytoplasmic 
localization suggests that it may be triggered by a change in the presentation of viral 
antigens. However, a more recent study suggests that the shift of hepatocyte HBcAg 
from nucleus to cytoplasm during the immune clearance phase may be secondary to 
liver cell damage and regeneration [ 31 ]. 

    Hepatitis Activity and Acute Hepatitis Flare   During Immune Clearance Phase 
(HBeAg Positive Chronic Hepatitis) 

 Most patients in the immune clearance phase are asymptomatic and have mild to 
moderate elevation in ALT levels and hepatitis activity, so called  HBe  Ag positive 
chronic hepatitis B (CHB). However, the clinical course may be punctuated by 
spontaneous acute hepatitis fl are, defi ned as an abrupt elevation of ALT >5 times the 
upper limit of normal (ULN). These acute hepatitis fl ares are considered to be the 
results of HLA-class I antigen-restricted, CTL mediated immune response against 
HBV antigen(s) and its downstream apoptotic mechanisms [ 32 ]. The reasons for 
spontaneous acute hepatitis fl ares are not clear but are likely explained by subtle 
changes in immunological controls of viral replication. Several studies have found 
that acute hepatitis fl ares are often preceded by a sudden increase in serum levels of 
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HBV DNA [ 33 ,  34 ], HBeAg and HBeAg-specifi c immune complexes [ 34 ], and 
enhanced T-cell response to HBcAg and HBeAg [ 35 ]. These results suggest that 
increases in viral replication, accumulation of nucleocapsid proteins in serum and 
hepatocytes, and the subsequent immune  res  ponse play an important role in initiat-
ing acute hepatitis fl ares in chronic HBV infection [ 34 ]. Histological evidence of 
lobular hepatitis superimposed upon the changes of chronic viral hepatitis is fre-
quently observed [ 36 ]. IgM anti-HBc is positive in 14.4 % of patients during acute 
fl ares, but generally in lower titers than in acute HBV infection [ 37 ]. As  HBeAg 
seroconversion   is often preceded or accompanied by a  transient   ALT fl are, it is 
believed that hepatitis fl ares are the results of the host attempt to clear the virus by 
the immune response. However, not all acute hepatitis fl ares lead to HBeAg sero-
conversion and HBV DNA clearance from serum, a phenomenon termed as “inef-
fective or abortive immune clearance” [ 32 ]. In this context, the patients may 
experience repeated episodes of acute hepatitis fl ares, which can account for 
increased risk of HBV-related cirrhosis. 

 The annual rate of acute hepatitis fl are in patients with HBeAg positive CHB was 
as high as 28.6 % in an early hospital-based study from Taiwan [ 38 ]. However, in 
another study that followed up asymptomatic patients beginning at the immune tol-
erance phase through  HBeAg seroconversion, t  he overall incidence of acute hepati-
tis fl are was 28.8 % during immune clearance phase (mean 3.7 years), with  a  n 
annual rate of 7.8 % only [ 39 ]. Most acute hepatitis fl ares are asymptomatic, but 
around 20 % of patients present with symptoms of overt acute hepatitis [ 37 ], and 
approximately 2–3 % may be complicated with hepatic decompensation [ 40 ]. One 
recent report from Taiwan found that a serum HBV DNA level ≥1.55 × 10 9  copies/
mL at the onset of acute fl are can predict hepatic decompensation [ 41 ]. In HBV 
high-prevalence areas, acute hepatitis fl ares of chronic HBV infection is the most 
important etiology of acute hepatitis and fulminant hepatitis in adults [ 42 ,  43 ].  

    HBeAg to Anti-HBe Seroconversion   

 The immune clearance phase has a variable duration and  often   lasts for many years 
until HBeAg seroconversion occurs. HBeAg seroconversion is frequently preceded 
by ALT elevation, followed by a marked reduction  o  f serum HBV DNA levels that 
can only be detected by sensitive polymerase chain reaction (PCR) assay, decline 
of serum HBsAg level, ALT normalization and resolution of liver necroinfl amma-
tion [ 32 ,  36 ]. However, abnormal ALT levels and high-level HBV DNA persist at 
the time of HBeAg seroconversion in about 5 % of patients [ 44 ]. These patients 
 progress   directly from HBeAg positive chronic hepatitis to HBeAg negative 
chronic hepatitis. 

 The average annual incidence of HBeAg seroconversion is 10 % (range, 2–15 
%), depending on factors such as ethnicity, mode of transmission, age, ALT levels, 
histological activities and HBV genotype.  HBeAg seroconversion is m  uch more 
delayed in children with HBeAg positive carrier mothers than in children with 
HBeAg negative carrier mothers or children with non-carrier mothers [ 45 ]. Different 
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mode of HBV transmission accounts for the much lower HBeAg positivity rates in 
black Africans of childbearing age than in women in the Far East [ 5 ,  6 ]. A higher 
HBeAg seroconversion rate has been reported in non-Asian children with horizontal 
transmission than Asian children with vertical transmission [ 46 ]. In Taiwan, the 
annual rate of HBeAg seroconversion is <2 % in children ≤3 years of age and 4–5 
% in older children, so that around 85 % of children still remain HBeAg positive by 
age 15 [ 47 ]. The likelihood of HBeAg seroclearance correlates positively with ALT 
levels: HBeAg seroclearance rates at 18-months of follow-up are 0, 3–8, 17, and 
59–70 %, respectively, if baseline ALT levels increase over <1, 1–2.5, 2.5–5, and >5 
times ULN [ 32 ]. In patients with acute hepatitis fl are, 72 % undergo HBeAg sero-
clearance within 3 months if serum α-fetoprotein (AFP) levels >100 ng/mL, com-
pared to only 18 % of those with AFP <100 ng/ml [ 48 ]. Serum HBV DNA levels ≤7 
log 10  copies/mL during acute hepatitis fl are also can predict HBeAg seroconversion 
within 6 months [ 49 ]. The likelihood of  HBeAg   seroconversion also correlates with 
histological  activ  ities: the 5-year cumulative probabilities of HBeAg seroconver-
sion is >65 % in patients with high  necroinfl ammatory    (interface or lobular) activi-
ties, compared to <25 % in those with low necroinfl ammatory activities [ 48 ]. 
HBeAg seroclearance may occur within 3 months in two-thirds of the patients with 
bridging hepatic necrosis [ 48 ]. In Eastern countries, patients infected with genotype 
B HBV seroconvert earlier and more frequently than those with genotype C HBV 
[ 50 – 52 ]. In Western countries, HBeAg seroconversion is similar in genotypes A, B, 
D, and F HBV infection but much slower in genotype C HBV infection [ 53 ,  54 ]. In 
Alaska native carriers, the median age of HBeAg seroclearance is <20 years in 
patients with genotypes A,     B, D, and F HBV, but >40 years in patients with geno-
type C HBV [ 53 ]. Interestingly, HBeAg seroconversion is more frequently preceded 
by ALT fl ares >5 times ULN in genotype C HBV infection than in genotype B HBV 
infection, suggesting that a more vigorous immune-mediated hepatocytolysis may 
be needed to achieve HBeAg seroconversion in genotype C HBV infection [ 52 ]. 

 In Taiwan, HBeAg seroconversion occurs at a median (interquartile range) age 
of 32 (26–36) years, with 90 % before age of 40 [ 55 ]. In accordance with these data, 
the prevalence of serum HBeAg declines remarkably from 85 % in children (age < 15 
years) [ 46 ] to 5–10 % in adults  ove  r 40 years of age [ 5 ]. These fi ndings suggest that 
HBeAg seroconversion most often occurs between 15 and 40 years of age in perina-
tally acquired chronic HBV infection.  Persist  ence of HBeAg over 40 years of age is 
rare and can be considered as “delayed” HBeAg seroconversion [ 55 ].  

   HBeAg  Persistence   and Its Outcome 

 In some patients, the immune clearance phase may last for many years without 
HBeAg seroconversion. A prolonged HBeAg positive phase is associated with 
increased risk of disease progression. A recent  cohor  t study from Taiwan demon-
strated that the risk of progression to cirrhosis increased with increasing age of 
HBeAg seroconversion, with a hazard ratio of 3.8 per decade increase in age of 
HBeAg seroconversion [ 39 ]. In particular, patients with HBeAg seroconversion 
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after 40 years of ages were associated with a remarkably high risk of progression to 
cirrhosis [ 55 ,  56 ]. 

 Several other studies also showed that persistence of serum HBeAg was associ-
ated with an increased risk for progression to cirrhosis, HCC development and liver 
related mortality [ 57 – 59 ]. For instance, in one study from Taiwan that followed up 
233 untreated patients with HBeAg positive CHB for a median of 6.8 years, the 
annual incidence of cirrhosis and HCC development was signifi cantly higher in 147 
patients  with   persistent HBeAg (3.7 and 1.6 %, respectively) than in 86 patients 
who underwent HBeAg seroconversion (1.8 and 0.4 %, respectively) [ 58 ].   

    Low Replicative Inactive Phase 

 After successful immune clearance, serum HBeAg is seroconverted to anti-HBe. 
The patients are still positive for HBsAg, but there is usually a >1 log 10  IU/mL 
reduction in HBsAg levels, compared to preceding immune clearance phase, and 
HBsAg levels rarely exceed 1000 IU/mL during this phase [ 26 – 28 ]. The hallmark 
event of HBeAg seroconversion usually signals a transition from CHB to an  inactive 
carrier state  . HBV DNA is usually undetectable by hybridization techniques but 
often detectable by PCR assays. The patients are asymptomatic and have normal 
ALT. Liver biopsy shows no or mild necroinfl ammatory activity with variable 
degrees of fi brosis, including inactive cirrhosis. HBsAg is distributed exclusively in 
hepatocyte cytoplasm and intrahepatic HBcAg is absent [ 29 ]. 

 The majority of inactive carriers had levels of HBV DNA less than 2000 IU/mL, 
a level that has been used to discriminate inactive carrier state from HBeAg negative 
chronic hepatitis [ 60 ]. However, a recent study from Taiwan in 250 inactive carriers 
with persistently normal ALT for more than 10 years showed that only 64 % had 
levels of HBV DNA <10 4  copies/mL, and 26 and 10 % had levels of HBV DNA in 
the range of 10 4 –10 5  and 10 5 –10 6  copies/mL, respectively [ 61 ]. It thus should be 
more appropriate to adopt HBV DNA levels of 20,000 IU/mL, instead of 2000 IU/
mL, as a cut-off value to discriminate active from inactive HBV infection [ 62 ]. 

 Most inactive carriers remain in this phase with sustained remission and a life-
long inactive state, particularly if this phase is  re  ached early in the disease course. 
In a Taiwan study of 283 HBeAg seroconverters, 189 (67 %) remained HBeAg 
negative with persistently normal ALT levels over a 9-year follow-up. Of these, only 
one progressed to cirrhosis and two developed HCC, with estimated annual rate of 
cirrhosis and HCC being 0.1 and 0.2 %, respectively [ 44 ]. The prognosis of inactive 
carriers from intermediate- or low-prevalence areas is even better, possibly due to 
the shorter duration of the infection [ 63 ,  64 ].  

    Reactivation of Hepatitis B 

 Following HBeAg seroconversion, a subset of patients ultimately undergo sponta-
neous reactivation of HBV replication, with reappearance of high levels of HBV 
DNA (>2000 or 20,000 IU/mL) and a rise in ALT levels. Only a small proportion of 
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carriers with HBV reactivation is associated with reappearance of serum HBeAg 
(HBeAg reversion) and the remainders are persistently HBeAg negative [ 39 ,  44 ], 
suggesting that reactivation of hepatitis B usually results from HBV variants with 
precore or BCP mutations. In addition, HBV replication can reactivate as a result of 
immunosuppression or cancer chemotherapy [ 65 ]. 

    HBeAg Reversion   

 In a study from Alaska, 109 (20 %) of 541 seroconverters developed HBeAg rever-
sion, which was frequently accompanied by hepatitis fl are, and HBeAg tended to 
fl uctuate between seroconversion and reversion [ 66 ]. HBeAg reversion, however, is 
much uncommon in other studies. In two studies from Taiwan, one involving 283 
patients with HBeAg positive hepatitis and another involving 240 HBeAg positive 
carriers with normal baseline ALT, HBeAg reversion following initial HBeAg sero-
conversion occurred in 12 (4.2 %) and 7 (2.9 %) patients during a mean follow-up 
of 8.6 years and 6.8 years, respectively [ 39 ,  44 ]. In another study from Italy, only 
one (1.6 %) of 61 seroconverters had HBeAg reversion during a mean follow-up of 
22.8 years [ 59 ]. Despite the low frequency, HBeAg reversion is signifi cantly associ-
ated with increased risk of  progressi  on to cirrhosis as well as development of HCC 
[ 44 ,  66 ].  

    HBeAg Negative Chronic Hepatitis   

 The majority of patients with reactivation of hepatitis B are negative for HBeAg 
[ 39 ,  44 ] and have “HBeAg  negative CHB  .” Patients with HBeAg negative CHB are 
usually older than patients with HBeAg positive CHB and are more likely to have 
advanced fi brosis and cirrhosis at the time of their fi rst presentation. Serum levels of 
HBsAg are lower in HBeAg negative CHB than in HBeAg positive CHB by about 
0.5–1 log 10  IU/mL (3.0–3.5 vs. 3.5–4.5) [ 26 – 28 ]. Serum HBV DNA levels also tend 
to be lower (4–8 log 10  copies/mL), compared to HBeAg positive CHB (6–10 log 10  
copies/mL). However, many patients with HBeAg negative CHB have wide fl uctua-
tions in both HBV DNA and serum ALT levels. Episodes of hepatitis fl are are fre-
quently seen, with a rate of about 1/3–1/2 of that in HBeAg positive counterparts 
[ 38 ]. Spontaneous sustained remission of disease activity is rare [ 67 ]. 

 The prevalence of HBeAg  negati  ve case in patients with CHB varies widely in 
different geographical areas: 80–90 % in the Mediterranean basin, 30–50 % in 
Taiwan and Hong Kong, but less than 10 % in the USA and Northern Europe [ 68 ]. 
This difference may be in part attributed to the different HBV genotype distribution: 
precore mutant is frequently detected in genotype D (the main genotype in the 
Mediterranean basin) and genotypes B and C infection (the predominant genotypes 
in East Asia), but rarely detected in genotype A infection (the main genotype in the 
USA and Northern  Euro  pe). The prevalence of HBeAg negative CHB has been 
increasing over the last few decades as a result of aging of the HBV-infected population 
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and the effective prevention measures restricting new HBV infections. HBeAg neg-
ative CHB has become much more common than HBeAg positive CHB in many 
countries of the world nowadays. 

 However, the incidence of HBeAg negative CHB among HBeAg negative carri-
ers remains largely unknown. This issue has been addressed in a few prospective 
studies that followed up the natural course following spontaneous HBeAg serocon-
version. In two studies from Taiwan, the annual rate of HBeAg negative CHB was 
2–3 % with a cumulative incidence of 25 % at 16 years, but hepatitis B reactivation 
typically occurred within the fi rst 5–10 years [ 39 ,  44 ]. However, in another study 
from Italy, only 9 (14.8 %) of 61 seroconverters developed HBeAg negative CHB 
during a mean follow-up of 22.8 years (annual rate of 0.6 %) [ 59 ]. In another Italian 
study involving pediatric patients, the rate is even lower: only 4 (6.3 %) of 64 
patients developed HBeAg negative CHB during a mean period of 15 years [ 69 ]. 
These differences can be explained by the fi nding that age of HBeAg  s  eroconver-
sion is an important factor for HBV reactivation [ 56 ]. 

 The incidence of hepatitis B reactivation among incidentally identifi ed inactive 
carriers also varies in different geographical areas. In a study of 1241 inactive carriers 
from Taiwan, 211 (17.0 %) developed HBeAg negative CHB during a mean follow-up 
of 12.3 years, with the annual incidence of 1.4 % and the cumulative incidence of 20.2 
% at 20 years [ 70 ]. Reactivation of hepatitis B occurred much more commonly during 
the fi rst 5–10 years and became extremely rare after 20 years [ 70 ]. In other studies that 
enrolled a relatively small number of inactive carriers, the annual incidence of  reacti-
vation   of hepatitis B varied from 0.4 % in Italy [ 71 ] and Greece [ 72 ] to 2.1 % in Japan 
[ 73 ]. However, in a more recent study of 85 inactive carriers from Greece, the cumula-
tive incidence of HBeAg negative CHB was 24 % at 4 years [ 74 ]. The reason for such 
a high rate of HBV reactivation remains unclear. 

 Factors predictive for hepatitis B reactivation following HBeAg seroconversion 
include male gender [ 75 ], genotype C HBV (>genotype B) [ 75 ], genotype D HBV 
(>genotype A) [ 54 ], HBV-DNA levels >2000 IU/mL [ 76 ] or ≥10 5    copies/mL [ 73 ] 
and HBV DNA >10 4  copies/mL at 1 year after HBeAg seroconversion [ 77 ]. Age of 
HBeAg seroconversion <30 years is associated with a particularly low incidence of 
HBV reactivation [ 75 ]. In addition, ALT levels >5 × ULN during the immune clear-
ance phase and age of HBeAg seroconversion >40 years are also associated with 
increased risk of hepatitis B reactivation [ 56 ,  75 ]. The latter fi ndings suggest that 
HBV is more likely to reactivate if more vigorous immune-mediated hepatocytoly-
sis or a more prolonged immune clearance phase is needed to clear  the   virus. 

 Recent studies have shown improved diagnostic  a  ccuracy by combined HBsAg 
and HBV DNA measurements to predict hepatitis B reactivation in inactive carriers: 
HBsAg >1000 IU/mL and HBV-DNA >200 IU/mL [ 78 ], HBsAg levels >850 IU/mL 
and HBV DNA >850 IU/mL [ 79 ], or HBsAg levels >1000 IU/mL in HBeAg negative 
carriers with HBV DNA <2000 IU/mL [ 80 ]. The latter fi nding reported from Taiwan 
of genotypes B and C patients is in keeping with the results of an earlier study from 
Italy of genotype D patients, in which the combined single point quantifi cation of 
HBsAg <1000 IU/mL and HBV-DNA ≤2000 IU/mL allows the identifi cation of 
inactive carriers with a very high diagnostic accuracy (94.3 %) [ 81 ]. 
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 Patients with hepatitis B reactivation have a 20-fold increased risk of progression 
to cirrhosis as compared with those without [ 82 ]. The annual rates of progression to 
cirrhosis and HCC were 2–3 % and 0.5 %, respectively, in patients with hepatitis B 
reactivation, signifi cantly higher than 0.1 % and 0.2 %, respectively, in those  wit  h 
sustained remission of hepatitis [ 44 ,  82 ]. Notably, among patients with hepatitis B 
 r  eactivation, the incidence of cirrhosis is signifi cantly higher in males and in those 
with age of reactivation older than 40 years [ 82 ]   

    Spontaneous  HBsAg Seroclearance   

   Rates and Predictive Factors 

 During the low replicative inactive phase, serum HBsAg may disappear (HBsAg 
seroclearance) spontaneously. Short-term studies showed that the annual incidence 
of HBsAg seroclearance was 1–2 % in Caucasian carriers, and even lower (0.1–0.8 
%) in carriers from the high-prevalence areas [ 83 ,  84 ]. However, a recent long-term 
follow-up study from Taiwan showed that the incidence of HBsAg seroclearance 
was appreciably high with an overall annual incidence of 1.2 %, being higher (1.8 
%) in those >50 years than in those <30 years (0.8 %), and a cumulative incidence 
of 8 % at 10 years, increasing disproportionately to 25 % at 20 years, and 45 % at 25 
years of follow-up [ 85 ]. 

 Factors signifi cantly associated with HBsAg seroclearance include older age 
[ 54 ,  64 ,  66 ,  83 ,  85 – 87 ], normal ALT levels [ 85 ,  86 ], HBeAg negativity [ 66 ,  83 ,  86 ], low 
viral load (<300 copies/mL) [ 87 ], genotype A HBV (> genotype D) [ 54 ], or genotype B 
HBV (> genotype C) infection [ 88 ], sustained remission of hepatitis [ 85 ], presence of 
cirrhosis [ 83 ] and HCV superinfection [ 89 ]. Among these, advanced age is the most 
constant and important predictor for HBsAg seroclearance [ 90 ]. The annual incidence 
of HBsAg seroclearance varies among different series, but correlates signifi cantly with 
the mean or median age of patients at enrollment of each cohort [ 90 ]. The median age 
of HBsAg seroclearce in three large cohorts from Taiwan [ 85 ], Hong Kong [ 91 ] and 
Japan [ 92 ] is approximately 50 years (range, 48–51). Given that the mean or median age 
of HBeAg seroconversion in Asian adult carriers ranges from 30 to 35 years, it can be 
expected that sustained remission of hepatitis for a mean of 15 years after HBeAg  sero-
conversion   is required to achieve subsequent HBsAg seroclearance. Of note, HBsAg 
seroclearance can occur sometimes in carrier children, albeit at a relative low rate (0.58 
% per year during a mean follow-up of 20.6 years), usually after age 15 (mean, 17.7 ± 7.8; 
range, 4.1–33.0) and is more common in those with non-carrier mother [ 93 ]. Interestingly, 
in one case–control study, carriers with HBsAg seroclearance had signifi cantly 
higher body mass index and higher degrees of fatty liver than those without [ 94 ]. 
Furthermore, the mean age of HBsAg seroclearance is signifi cantly younger in 
patients with fatty liver than in those without (48.7 years vs. 53.4 years) [ 95 ]. Notably, 
in two large cohort studies, fatty liver [ 96 ] and obesity [ 87 ] were independent factors 
signifi cantly associated with HBsAg seroclearance. The underlying mechanism by 
which fatty liver enhances HBsAg seroclearance remains unclear. 
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 More recent studies have investigated both absolute and serial changes of serum 
HBsAg levels in predicting HBsAg seroclearance [ 78 ,  97 – 101 ], as summarized in 
Table  11.2 . Of these, two Asian studies used an HBsAg level <100 IU/mL as a 
remote (6–10 years) predictor of HBsAg seroclearance [ 97 ,  98 ]. For short-term pre-
diction, a study from Taiwan has shown that HBsAg level <200 IU/mL plus >1 log 10  
IU/mL reduction in preceding 2 years can predict HBsAg seroclearance at 1 and 3 
years [ 100 ]. Another study from Hong Kong has also shown that HBsAg <200 IU/
mL or an annual reduction of >0.5  log 10   IU/mL is predictive for HBsAg seroclear-
ance within 3 years [ 101 ].

      Virological, Clinical and Histological Profi les After HBsAg Seroclearance 

 Only 17 % have  detectable   antibody against HBsAg (anti-HBs) within 1 year after 
HBsAg seroclearance, but the rate of anti-HBs seroconversion increases to 56 % after 
5 years and 76 % after 10 years. Virtually all test negative for HBV DNA by hybridiza-
tion assays after HBsAg seroclearance, but in some HBV DNA still can be detected by 
PCR-based assays. The persistence of low-level viremia after HBsAg seroclearance 
might be a potential source of HBV transmission through blood transfusion or trans-
plantation and account for HBV reactivation with chemotherapy or immunosuppres-
sion. In a recent investigation using commercially available, ultrasensitive real-time 
PCR assay, HBV viremia was detectable in 24 % within 1 year after HBsAg seroclear-
ance, and low-level HBV viremia persisted in ∼15 % up to >10 years after HBsAg 
seroclearance [ 102 ]. Serum levels of HBV DNA all are below the sensitivity of hybrid-
ization assays (<100 IU/mL in 86 % and 121–2770 IU/mL in 14 %). 

 Despite the extremely low viremic states, 5–18 % of patients have abnormal 
ALT levels after HBsAg seroclearance. Non-HBV-related etiologies of abnormal 
ALT levels can be identifi ed in 75–100 % of such cases, with fatty liver, alcoholism 

   Table 11.2    HBsAg quantitation in predicting HBsAg seroclearance   

 A single point HBsAg level <100 IU/mL in HBeAg negative patients predict HBsAg 
seroclearance over time [ 97 ] 
 HBsAg level <100 IU/mL and HBV DNA <200 IU/mL at 1 year after HBeAg seroconversion 
correlate HBsAg seroclearance within 6 years [ 98 ] 
 HBsAg level <10 IU/mL in HBeAg negative carriers with HBV DNA <2000 IU/mL correlates 
both 5–year and 10–year HBsAg seroclearance [ 99 ] 
 HBsAg levels <200 IU/mL plus >1 log 10  IU/mL decrease in preceding 2 years predicts HBsAg 
seroclearance at 1 and 3 years [ 100 ] 
 HBsAg levels <200 IU/mL or annual decrease of >0.5 log 10  IU/mL predict HBsAg 
seroclearance within 3 years [ 101 ] 
 HBsAg <1000 IU/mL and annual decrease of ≥ 0.3 log 10  IU/mL predict HBsAg seroclearance 
over time [ 78 ] 

   HBeAg  hepatitis B e antigen,  HBsAg  hepatitis B surface antigen,  HBV  hepatitis B virus  
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and herbal medicine administration being the most common [ 90 ]. In addition, HCV 
might have displaced HBV to cause continuing ALT elevation and hepatitis activi-
ties [ 103 ]. 

 Most patients with liver histological assessment after HBsAg seroclearance have 
only mild necroinfl ammation and no signifi cant fi brosis. Immunostaining for 
HBsAg and HBcAg in liver is negative in all patients; however, all patients tested 
still harbor HBV inside the liver, mainly in the form of cccDNA, up to 4 years after 
HBsAg seroclearance [ 88 ], albeit at a very low replicative level and in a  transcrip-
tio  nally inactive phase.  

   Long-term Outcome After HBsAg Seroclearance 

 In an early study in 55 patients with spontaneous HBsAg seroclearance from Taiwan 
by Huo et al. [ 104 ], 32.7 % developed serious complications, including HCC,  cir-
rhosis  , and hepatic  failure   during a mean follow-up of 23 months. This study prob-
ably overestimated the frequency with which complication occurs, as it included 20 
patients who had hepatitis C virus (HCV) or hepatitis D virus (HDV) coinfection. In 
subsequent studies that enrolled a large series of patients from Taiwan and Japan, 
virtually none of non-cirrhotic patients without HCV or HDV superinfection devel-
oped HCC, hepatic decompensation, or liver related death during a mean follow- up 
of 5 years [ 92 ,  105 ], as summarized in Table  11.3 . HBsAg seroclearance usually 
confers excellent long-term prognosis, provided that HBsAg loss occurred in the 
absence of concurrent viral infections, and preceded the development of cirrhosis. 
However, in patients who have preexisting cirrhosis or HCV or HDV superinfec-
tion, clinical outcomes of disease progression may still occur [ 92 ,  105 – 108 ]. A 
recent report from Hong Kong suggested that cumulative risk for HCC was higher 
in patients with HBsAg seroclearance at age ≥50 years compared with those with 
HBsAg seroclearance at age <50 [ 91 ]. However, the majority of their patients who 
developed HCC (6 out of 7) after HBsAg seroclearance had ultrasonographic evi-
dence of  cirrhosis   before or at the time of HBsAg seroclearance. Of note, the mean 
age of HBsAg seroclearance in the series of Huo et al. [ 104 ] is also appreciably high 
(see Table  11.3 ). It is highly suspected that patients who achieved HBsAg seroclear-
ance at older age may be more likely to have undiagnosed cirrhosis and hence 
remain at risk for HCC. Older age of HBsAg seroclearance per se cannot be consid-
ered as an independent risk factor for HCC development after HBsAg 
seroclearance.

   A more recent prospective population-based cohort study in 1271 Alaska native 
persons with chronic HBV infection followed for an average of 19.6 years showed 
that the incidence of HCC after HBsAg seroclearance was 36.8 per 100,000 per year 
(95 % CI 13.5–80.0), which was signifi cantly lower than that in those who remained 
HBsAg positive (195.7 per 100,000 per year [95 % CI 141.1–264.5];  P  < 0.001) 
[ 109 ]. This study is the fi rst to show a signifi cant reduction in the risk of developing 
HCC after HBsAg seroclearance.    

11 Natural History of Hepatitis B Virus Infection



232

    Ta
bl

e 
11

.3
  

  L
on

g-
te

rm
 o

ut
co

m
e 

fo
llo

w
in

g 
H

B
sA

g 
se

ro
cl

ea
ra

nc
e 

in
  c

hr
on

ic
 H

B
V

 in
fe

ct
io

n     

 St
at

us
 a

t s
er

oc
le

ar
an

ce
 

 A
ut

ho
rs

/c
ou

nt
ri

es
 

 N
o.

 o
f 

pa
tie

nt
s 

 M
ea

n 
ag

e 
(y

ea
rs

) 
 Fo

llo
w

-u
p 

(m
on

th
s)

 

 O
ut

co
m

e 

 C
ir

rh
os

is
 

 D
ec

om
pe

ns
at

io
n 

 H
C

C
 

 N
on

- c
ir

rh
os

is
  

 H
uo

 [
 10

4 ]
/T

ai
w

an
 

 55
 (

20
) a   

 55
 

 23
 

 6 
(?

) a   
 1 

(?
) a   

 11
 (

?)
 a   

 N
on

- c
ir

rh
os

is
  

  C
he

n 
   [

 10
5 ]

/T
ai

w
an

 
 18

9 
(4

3)
 a   

 43
 

 65
 

 3 
(3

) a   
 2 

(2
) a   

 1 
(1

) a   
 N

on
- c

ir
rh

os
is

  
 A

ra
se

 [
 92

 ]/
Ja

pa
n 

 16
4 

(0
) a   

 51
 

 61
 

 0 
 0 

 0 
 N

on
- c

ir
rh

os
is

  
 A

hn
 [

 10
7 ]

/K
or

ea
 

 32
 (

0)
 a   

 N
A

 
 N

A
 

 0 
 N

A
 

 1 
 N

on
- c

ir
rh

os
is

  
 To

ng
 [

 10
8 ]

/U
SA

 
 22

 (
?)

 a   
 N

A
 

 N
A

 
 N

A
 

 N
A

 
 0 

 C
ir

rh
os

is
 

  Fa
tto

vi
ch

    [
 10

6 ]
/I

ta
ly

 
 32

 (
5)

 a   
 N

A
 

 55
 

 2 
(?

) a   
 1 

(1
) a   

 C
ir

rh
os

is
 

 C
he

n 
[ 1

05
 ]/

Ta
iw

an
 

 29
 (

12
) a   

 54
 

 51
 

 4 
(2

) a   
 1 

(1
) a   

 C
ir

rh
os

is
 

 A
ra

se
 [

 92
 ]/

Ja
pa

n 
 67

 (
0)

 a   
 53

 
 74

 
 0 

 2 
 C

ir
rh

os
is

 
  A

hn
    [

 10
7 ]

/K
or

ea
 

 17
 (

0)
 a   

 N
A

 
 N

A
 

 N
A

 
 4 

 C
ir

rh
os

is
 

 To
ng

 [
 10

8 ]
/U

SA
 

 13
 (

?)
 a   

 N
A

 
 N

A
 

 N
A

 
 4 

 N
on

- c
ir

rh
os

is
 a

nd
 c

ir
rh

os
is

 
 Y

ue
n 

[ 9
1 ]

/H
on

g 
K

on
g 

 29
8 

(0
) a   

 50
 

 36
 

 N
A

 
 5 

 7 
(6

 h
ad

 c
ir

rh
os

is
) 

 N
on

- c
ir

rh
os

is
 a

nd
 c

ir
rh

os
is

 
  Si

m
on

ne
tti

   [
 10

9 ]
/U

SA
 

 15
8 

(0
) a   

 N
A

 
 10

9 
 N

A
 

 N
A

 
 6 

(2
 h

ad
 c

ir
rh

os
is

) 

   H
B

sA
g  

he
pa

tit
is

 B
 s

ur
fa

ce
 a

nt
ig

en
,  H

B
V

  h
ep

at
iti

s 
B

 v
ir

us
,  H

C
C

  h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a,
  N

A
  n

ot
 a

va
ila

bl
e 

  a  N
um

be
r 

in
 (

 )
 in

di
ca

te
s 

nu
m

be
r 

of
 p

at
ie

nt
s 

w
ith

 H
C

V
 o

r 
H

D
V

 s
up

er
in

fe
ct

io
n  

C.-M. Chu and Y.-F. Liaw



233

    Concurrent  Viral Infection   as Part of Natural Course 

 In high-prevalence areas such as Taiwan, 50–60 % of adult patients hospitalized for 
overt acute hepatitis are previously unrecognized HBsAg carriers with reactivation 
of hepatitis B or non-B viral superinfection, as they are HBsAg positive but IgM 
anti-HBc negative [ 22 ]. Viral superinfection is demonstrated in as high as 30–40 % 
of these patients, with HCV and HDV being the most common [ 43 ]. Non-B viral 
superinfection in HBsAg carriers tends to increase the severity and case fatality rate 
during the acute phase. The incidence of fulminant hepatitis ranges from 10 to 20 
%, without difference between HCV and HDV superinfection [ 43 ,  110 ]. 

    Hepatitic C  Virus   

 Worldwide, approximately 5–20 % of HBsAg carriers are found to be anti-HCV 
positive. In HBV endemic areas, HCV superinfection in the setting of chronic HBV 
infection is the most common scenario of HBV and HCV dual infection. Acute 
HCV infection in HBsAg carriers with serum HBeAg and HBV DNA may result in 
only transient HCV infection. In contrast, most acute HCV superinfection in HBsAg 
carriers without serum HBeAg and HBV DNA progress to persistent HCV infection 
[ 111 ]. These fi ndings suggest that the presence of underlying active HBV replica-
tion may interfere with HCV replication and thereby inhibit the persistence of  HCV   
infection. 

 Two studies from Taiwan showed that a substantial proportion of fulminant hep-
atitis in HBsAg carriers could be attributed to HCV superinfection [ 112 ,  113 ]. 
Another study showed that in patients admitted with acute HCV infection, the inci-
dence of fulminant hepatitis was signifi cantly higher among those with underlying 
HBV infection than those without (23 % versus 3 %,  P  < 0.01) [ 114 ]. 

 Most patients with HBV and HCV dual infection have detectable serum HCV 
RNA but not HBeAg or HBV DNA, suggesting that HCV is the predominant cause 
of liver disease in such cases [ 115 ]. More importantly, HCV superinfection is asso-
ciated with earlier and more frequent progression to cirrhosis. In long-term follow-
 up analyses from the onset of acute HCV infection, patients with HCV superinfection 
had higher cumulative rates of cirrhosis (29 % at 5 years, 48 % at 10 years) and 
HCC (14 % at 10 years, 32 % at 20 years) than those with acute HDV superinfection 
or HBV mono-infection [ 110 ]. 

 Finally, de novo HCV superinfection in HBsAg carriers may lead to a decrease 
in serum and liver HBV DNA levels and can result in HBeAg seroconversion and, 
in some cases, HBsAg seroclearance [ 103 ,  116 ].    Such patients had persistence of 
chronic hepatitis C after successful clearance of HBV [ 103 ].  
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   Hepatitis D Virus 

 Hepatitis HDV is highly  pr  evalent in the Mediterranean countries. The prevalence 
of HDV infection has signifi cantly declined in some endemic areas, largely because 
of the HBV vaccination campaigns and the increased awareness on bloodborne 
infections following the HIV scare. 

 The clinical features of acute HDV coinfection are indistinguishable from acute 
hepatitis B [ 117 ], although it may be more severe and biphasic ALT peaks may be 
observed. The rate of progression to chronicity is the same as that of acute hepatitis 
B. On the contrary, HDV superinfection in HBsAg carriers more likely causes 
severe acute hepatitis, which progresses to chronicity in up to 80 % [ 117 ]. HBV 
replication is usually suppressed to low levels during acute HDV superinfection and 
this suppression becomes persistent when progresses to chronicity [ 118 ,  119 ]. Once 
chronic HDV infection is established, it usually exacerbates the preexisting liver 
disease due to HBV [ 120 ]. In Western studies as many as 70–80 % of chronic hepa-
titis D patients may develop cirrhosis within 5–10 years [ 121 ] and 15 % within 1–2 
years [ 122 ]. Overall, the relative risk of developing cirrhosis in patients with chronic 
HDV infection is twofold that in  patients   with chronic HBV mono-infection [ 123 ]. 
In addition, among patients suffering from compensated HBV-related cirrhosis, 
there is a three- and twofold increase, respectively, of developing HCC and of death, 
compared with those with HBV mono-infection [ 124 ]. 

 In Taiwan, the prevalence HDV infection is also decreasing [ 125 ]. HDV super-
infection is associated with relatively milder disease, compared to the Western stud-
ies. In one longitudinal study, although HDV superinfection tended to accelerate the 
progression to cirrhosis relatively shortly after the onset of acute HDV superinfec-
tion (21 % at 5 years), the overall incidence of cirrhosis (21 % at 10 years) and HCC 
(7 % at 10 years) was similar to those with HBV mono-infection [ 110 ]. These 
apparent differences are probably related to the different geographic distribution of 
HDV genotypes, with genotype II being dominant in Taiwan and genotype I in the 
Western countries [ 126 ].  

   Human Immunodefi ciency Virus 

 In HBV low-prevalence areas, the majority  o  f the population is not protected by 
antibodies to natural HBV infection by the age of sexual maturity. Thus, HBV and 
HIV infections are confi ned to specifi c adolescent and adult risk groups, and expo-
sure to both these viruses may occur at more or less the same time. About 10 % of 
HIV infected patients are coinfected with HBV. HBV tends to be more aggressive 
in HIV-positive individuals, with higher HBV carrier rates following acute exposure, 
higher levels of HBV viremia in chronic carriers, and diminished incidence of spon-
taneous seroclearance of HBeAg and/or HBsAg, more frequent episodes of activation, 
and faster progression to cirrhosis [ 127 ,  128 ]. HCC occurs more often, its onset is 
earlier, and its course is more aggressive in HBV and HIV coinfection than HBV 
mono-infection [ 129 ]. In a multicenter study involving 5293 homosexual men, 
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liver-related mortality was signifi cantly higher  in   HIV and HBV coinfection (14.2 
per 1000 person-years) than in HBV (0.8 per 1000 person-years) or HIV mono-
infection (1.7 per 1000 person-years). In coinfected individuals, the liver related 
mortality rate was highest in those with lower nadir CD4+ cell counts and was twice 
as high after 1996, when highly active antiretroviral therapy (HAART) was intro-
duced [ 130 ]. The development of effective antiretroviral regimen has led to immune 
reconstitution in many HIV-infected patients. The so-called immune reconstitution 
fl are of hepatitis B has been observed in HBV and HIV coinfected patients follow-
ing the initiation of HAART [ 131 ]. 

 Conversely, most adolescents and adults in HBV high-prevalence areas are 
already protected from HBV infection or are chronic HBsAg carriers by the time 
of their fi rst exposure to HIV infection. The rate of HBV coinfection in HIV posi-
tive individuals in Taiwan is 21.7 % [ 132 ], a little higher than the background 
HBsAg carrier rate (15–20 %) in the general population. The great majority of 
patients with HBV and HIV coinfection are presumed to be chronic HBsAg carri-
ers with HIV superinfection. Interestingly,  acut  e HIV superinfection in HBsAg 
carriers can suppress HBV replication and result in HBeAg seroclearance and, in 
some instances, HBsAg seroclearance [ 133 ]. It remained unclear whether this sup-
pression is transient or persistent. The natural course difference between HBsAg 
carriers with and without HIV superinfection has rarely been addressed before. 
However, a higher risk of hepatitis fl are, hepatic decompensation and liver-related 
death in HBV and HIV coinfection than in HIV mono-infection in the era of 
HAART was also reported [ 132 ].   

    Sequelae and Mortality 

 The long-term outcomes of chronic HBV  infection   vary considerably from an  inac-
tive carrier state   to the development of cirrhosis, hepatic decompensation, and 
HCC. Contrary to patients in the immune tolerance phase and those in inactive car-
rier state, patients with active hepatitis either in the immune clearance phase or the 
reactivation phase are at high risk of disease progression. The estimated 5-year 
cumulative rates of progression from chronic hepatitis to cirrhosis, compensated 
cirrhosis to hepatic decompensation, and compensated cirrhosis to HCC are 8–20 
%, 15–20 %, and 6–15 %, respectively (Fig.  11.2 ).

     Cirrhosis  and Contributing Factors   

 It is estimated that cirrhosis develops in approximately 20 % of patients with chronic 
HBV infection [ 1 ]. Whether this rate is higher in perinatally acquired infection 
because of the longer duration of infection than adult-acquired infection remains 
unknown. In one clinicopathologic study from Taiwan, cirrhosis was noted in 21 % 
of asymptomatic HBsAg carriers with age over 40 [ 134 ]. 
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 The annual incidence and cumulative probability of cirrhosis in patients with 
chronic HBV infection varied considerably in different reported series, possibly due 
to inclusion of patients in different phases of infection as well as the variable sever-
ity of liver injury in each phase. In two representative studies that enrolled 684 and 
105 patients with chronic hepatitis B from Taiwan and Italy, the annual incidence of 
cirrhosis ranged from 2 to 6 % and the 5-year cumulative incidence ranged from 8 to 
20 % [ 135 ,  136 ]. Factors identifi ed to contribute to the development of cirrhosis 
include older age [ 135 ,  136 ], HBeAg positivity at recruitment [ 137 ,  138 ], persistent 
HBeAg seropositivity [ 57 – 59 ], persistence of HBV DNA by non-PCR assays [ 136 , 
 139 ], HBeAg reversion [ 44 ,  66 ], delayed HBeAg seroconversion over age 40 [ 39 ,  55 , 
 56 ], hepatitis B reactivation [ 39 ,  44 ], especially if reactivation at age over 40 [ 82 ], 
severe chronic active hepatitis with bridging hepatic necrosis [ 136 ], and ALT fl ares 
complicated with hepatic decompensation or recurrent AL T fl ares  wi  th high AFP or 
bridging hepatic necrosis [ 135 ]. HBV genotype is also a contributing factor [ 51 ,  52 ]. 
Many patients have developed cirrhosis during the HBeAg positive phase, as shown 
in a recent study that 28 (30 %) of 93 patients were HBeAg positive at the onset of 
cirrhosis [ 140 ] These data implies that the ultimate outcome of chronic HBV infection 
appears to depend on the duration of the immune clearance phase and reactivation 
phase, as well as on the severity of liver damage during these phases. Other factors 
signifi cantly correlated with progression to cirrhosis include advanced age, longer 
duration of infection, male gender, and concurrent HCV, HDV or HIV superinfection, 
alcoholism and superimposed non-alcoholic fatty liver disease. 

 A recent population-based cohort study (the REVEAL-HBV) of more than 3500 
untreated HBsAg carriers (median 45 years of age at enrolment, 85 % HBeAg nega-
tive, 94 % with normal ALT) in Taiwan found that the risk of cirrhosis increased 
signifi cantly with increasing baseline serum HBV DNA levels at a dose-dependent 
manner [ 141 ]. The adjusted relative risks (RR) of progression to cirrhosis was 2.5, 
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  Fig. 11.2    Long-term sequelae of chronic hepatitis B virus infection       
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5.6, and 6.5 when baseline HBV DNA levels were ≥10 4 , 10 5 , and 10 6  copies/mL, 
respectively and HBV DNA levels ≥10 4  copies/mL was the strongest predictor of 
future cirrhosis, regardless of HBeAg and ALT levels at baseline [ 141 ]. It seems 
likely that these patients are prone to have hepatitis B reactivation and progress to 
HBeAg negative CHB prior to cirrhosis development. A more recent study from 
Taiwan suggested that HBsAg levels greater than 1000 IU/mL in HBeAg negative 
carriers with low viral load (<2000 IU/mL) also tended to increase the risk of 
HBeAg  ne  gative CHB and cirrhosis [ 77 ].  

    Hepatic Decompensation   

 HBV replication and necroinfl ammation may have subsided at the onset of cirrho-
sis. However, at least 1/3–1/2 of patients with HBV-related cirrhosis still have a 
high level of HBV replication (positive HBeAg or HBV DNA by non-PCR assays, 
or HBV DNA >10 5  copies/mL) at presentation [ 140 ,  142 ]. About 3–4 % of the 
patients with compensated HBV-related cirrhosis developed decompensation (jaun-
dice, ascites, hepatic encephalopathy) and/or gastroesophageal varices each year, 
with a 5-year cumulative incidence of 15–20 % [ 123 ,  142 ]. The risk of hepatic 
decompensation is fourfold higher in HBeAg or HBV DNA positive patients (4 % 
per year) than in HBeAg and HBV DNA negative patients (1 % per year) [ 142 ] . 
The average annual incidence of hepatic decompensation after the onset of cirrhosis 
is 1.5 %, but hepatic decompensation tends to occur later in the course, with the 
cumulative incidence of 5, 18 and 31 %, respectively, at 5, 10 and 20 years [ 140 ]. 
As the mean age at the onset of cirrhosis ranges from 41 to 44 years [ 140 ,  143 ] and 
that at the onset of decompensation ranges from 55 to 60 years, it is estimated that 
hepatic decompensation usually occurs 10–15 years after the onset of  cirrhosis  . 

 One form of hepatic decompensation in HBV-related cirrhosis is secondary to 
acute hepatitis fl ares. In two early studies from Taiwan, the annual incidence of 
acute hepatitis fl are was 15–25 % in HBeAg positive patients and 5–10 % in 
HBeAg negative patients. Some 10–15 % of acute hepatitis fl ares were complicated 
with jaundice and 3–5 % with ascites [ 143 ,  144 ].  

   Hepatocellular Carcinoma and Contributing Factors 

 The incidence of HCC in chronic HBV infection correlates closely with the severity 
of the underlying liver diseases, as summarized by Fattovich et al. [ 123 ]. In the East 
Asian countries, the summary annual incidence of HCC ranges from 0.2 % among 
inactive carriers to 0.8 % in patients with CHB and 3.7 % in subjects with compen-
sated cirrhosis; the corresponding 5-year cumulative incidences is 1, 3, and 17 %, 
respectively. In the Western countries, the summary annual incidence of HCC is 
0.02 % in inactive carriers, 0.3 % in patients with CHB and 2.2 % in patients with 
compensated cirrhosis; the corresponding 5-year cumulative incidences is 0.1, 1, 
and 10 %, respectively. These data confi rm that cirrhosis is a well documented risk 
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factor for HCC development and also suggest that perinatally acquired HBV infection 
is associated with a greater risk of HCC than infection acquired in adults,  pos  sibly 
because of the longer duration of infection. 

 Most cases of HCC are likely to have concomitant cirrhosis. Factors signifi cantly 
predictive for progression to cirrhosis therefore also contribute to HCC develop-
ment. Other factors signifi cantly associated with HCC development in chronic HBV 
infection include race (Asians and Africans), a family history of HCC, HBV geno-
type, BCP mutations and pre-S deletion mutations, afl atoxin exposure and alcohol 
drinking [ 145 – 147 ]. In HBeAg negative carriers with low viral load, HBsAg levels 
>1000 IU/mL also is an independent risk factor for HCC development [ 148 ]. 

 In the REVEAL-HBV study, the risk of HCC increased signifi cantly starting at 
the level of 10 4  copies/mL and was highest for patients with the highest baseline 
HBV DNA level (>10 6  copies/mL) with a hazard risk of 2.3 and 6.6, respectively 
[ 149 ]. Unfortunately, this study did not report the prevalence of cirrhosis among 
HCC patients, so it is diffi cult to determine whether increased viral replication, 
known to encourage the development of cirrhosis, may have any additional impact 
on HCC development. The prognostic value of HBV replication for the develop-
ment of HCC in patients with HBV-related cirrhosis remains controversial [ 140 ,  143 , 
 150 – 152 ]. A recent case–control study did not show signifi cant difference in serum 
levels of HBV DNA between  HBV-related cirrhosis with and without HCC   [ 153 ]. 

 Finally, although inactive carriers with HBV DNA <10 4  copies/mL and normal 
ALT are at lowest risk for HCC among chronic HBV infected individuals, they still 
have a substantial risk of HCC as compared with HBV and HCV negative controls. 
The multivariate-adjusted hazard ratio is 4.6 (95 % CI: 2.5–8.3). Older age and 
alcoholism are independent predictors of risk for inactive carriers [ 154 ].  

   Survival 

 The 5-year  survival   of compensated, Child-Pugh class A HBV-related cirrhosis is 
approximately 80–85 %, which correlates closely with the status of HBV replica-
tion. Survival probability is >95 % in patients negative for HBeAg and HBV DNA 
by non-PCR assays but only 60–72 % in HBeAg or HBV DNA positive patients 
[ 142 ]. Among the latter, HBeAg seroclearance is associated with a 2.2-fold decrease 
in mortality [ 155 ] and ALT normalization is a better predictor of improved survival 
than HBeAg seroclearance [ 156 ]. 

 Once hepatic decompensation has developed, survival probability decreases 
remarkably. The reported 5-year survival rates of decompensated, Child-Pugh class 
B or C HBV-related cirrhosis vary considerably from 14 to 88 % (average, 30–50 
%) [ 142 ]. In one study from Hong Kong, the 5-year survival rate was signifi cantly 
lower in patients with serum HBeAg at presentation (57 %) than in HBeAg negative 
patients (88 %) [ 157 ]. In contrast, in another study from the Netherlands, the 5-year 
survival rate was extremely low (14 %) independent of serum HBeAg at enrollment 
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[ 155 ]. These data  may   suggest that survival probability correlates signifi cantly with 
the status of HBV replication in patients with less severe hepatic decompensation 
but not in patients with more severe hepatic decompensation.    

    Conclusion 

 The natural history of HBV infection and the estimated overall and annual incidence 
of each event are summarized in Fig.  11.3 . HBV replication with subsequent inter-
actions between HBV, hepatocytes and immune cells during the immune clearance 
or reactivation phase may lead to hepatitis activity and disease progression. High 
HBV DNA levels and hepatitis activity at enrollment or during follow-up are the 
best predictors of adverse clinical outcomes. Sustained reduction of HBV replica-
tion before the onset of cirrhosis confers a favorable outcome. Sustained reduction 
of HBV replication in cirrhotic patients also reduces the risk of hepatic decompen-
sation, HCC development and improves survival. The improvements in the knowl-
edge of the natural history of HBV infection and a detailed understanding of 
predictors for disease progression will help in the management of patients with 
chronic HBV infection.
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  Fig. 11.3    Natural history of chronic hepatitis B virus infection. The overall rates as well as the 
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