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It is now 50 years since the discovery of the hepatitis B virus (HBV), and, despite the avail-
ability of a prophylactic vaccine for more than 20 years, HBV infection remains a disease of
significant global health burden. It is estimated that more than 240 million people are
chronically infected with HBV and, therefore, are at risk for the development of cirrhosis,
hepatic decompensation, and hepatocellular carcinoma (HCC). The risk of clinical com-
plications has traditionally been higher in older males with hepatitis B e antigen (HBeAg)—
positive disease, high-grade liver necroinflammation, and progressive fibrosis. Recent
advances in the understanding of the natural history of chronic HBV infection have identified
an important role for plasma HBV DNA levels as a marker of risk for clinical outcomes.
Among adults, persistent high-level HBV replication is associated with an increased risk of
cirrhosis, as well as HCC development. This has led to the therapeutic focus on achieving
sustained viral suppression. There is an emerging role for quantitative hepatitis B surface
antigen (HBsAg) levels as a marker of natural history. Low levels of HBsAg have been as-
sociated with sustained immune control, HBsAg seroclearance, as well as lower risk of HCC.
In this work, we review the natural history of HBV infection, with a focus on the determinants
of clinical outcomes in patients with chronic hepatitis B (CHB) infection.

Outbreaks of jaundice have been document-
ed since Hippocrates; however, the first

affecting 300,000 American troops (Freeman
1946; Norman et al. 1993). Although clinicians

description of an epidemic of “serum hepatitis”
was by Lurman. In 1885, Lurman documented
an epidemic of hepatitis among 191 German
ship workers in Bremen after a smallpox vacci-
nation campaign using human lymph (Lurman
1885). The largest documented outbreak of se-
rum hepatitis occurred in 1942, when 50,000
U.S. Army personnel were hospitalized with
jaundice following vaccination with contami-
nated lots of yellow fever vaccine in an epidemic

recognized the syndromes of “infectious hepa-
titis” (hepatitis Avirus [HAV]) and “serum hep-
atitis” (HBV) at the time, the causative agents
remained elusive. It was not until 1964 that
Blumberg et al. (1965) serendipitously discov-
ered a novel antigen in the sera of an Australian
Aborigine, which precipitated antibodies in pa-
tients with acute leukemia who had received
multiple blood transfusions. Termed the “Aus-
tralia antigen,” it was initially postulated as a
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biomarker to aid in the diagnosis of leukemia. It
took another 3 years for the association between
Australia antigen and posttransfusion hepatitis
to be recognized, and the Australia antigen
would become the prototypal seromarker of
active hepatitis B, the HBsAg (Blumberg
et al. 1965). Blumberg would go on to win the
Nobel Prize in medicine for his work. Dane et al.
(1970) later took HBsAg-positive sera and vi-
sualized the complete hepatitis B virion using
electron microscopy.

It is now 50 years since the discovery of
HBV and, yet, the diseases it causes (hepatitis,
liver failure, and HCC) remain major public
health challenges. In spite of the development
of an effective vaccine and its implementation
through the 1980s, there remains a huge global
burden of liver disease caused by chronic hepa-
titis B (CHB). Worldwide, more than 240 mil-
lion people have CHB, with the majority being
in the Asia-Pacific region, and there are at least
one million deaths each year as a direct conse-
quence of infection (Ott et al. 2012).

EPIDEMIOLOGY OF HEPATITIS B
Acute Hepatitis B

Symptomatic acute hepatitis B infection (AHB)
remains, primarily, a disease of adulthood.
The introduction of the HBV vaccine has had
a dramatic impact on the reported incidence
of AHB. In the United States, the reported
rate of AHB has declined since 1990, decreas-
ing from 8.5 per 100,000 population to 0.9 per
100,000 population in 2011, the lowest rate ever
recorded (Wasley et al. 2007; www.cdc.gov/
hepatitis/statistics/index.htm). In the same
survey, the highest rates of AHB occurred
among persons aged 30-39 yr (2.0/100,000),
and the lowest rates occurred among persons
aged <19 yr (0.04/100,000). The most com-
mon risk factors were sexual exposure (sexual
contact with a person known to have HBV in-
fection, multiple sex partners, and men having
sex with men) and injecting drug use. Similar
trends have been seen in other countries, includ-
ing Italy and Egypt, where the frequency of acute
HBYV infection as a cause of symptomatic hep-
atitis decreased from 43.4% in 1983 to 28.5% in

2002, following the introduction of childhood
immunization in 1991 (Zakaria et al. 2007).

CHB

It is estimated that there are 240 million people
who are chronically infected with HBV globally
(Ocama et al. 2005). 15%—40% of infected pa-
tients will develop serious liver disease, resulting
in up to 1.2 million deaths per year. HBV infec-
tion is the tenth leading cause of death world-
wide (Lavanchy 2004).

Chronic HBV is endemic in Southeast Asia,
China, sub-Saharan Africa, Micronesia and
Polynesia, and the indigenous populations of
Alaska, Northern Canada, Greenland, Australia,
and New Zealand. In these high-prevalence re-
gions, >7% of the population is chronically
infected (Maynard 1990). Patterns of infection
vary considerably from country to country, city
to city, and evenvillage to village, and can change
with time. Most infections are acquired early in
childhood and the risk of chronicity is inversely
related to the age of infection (Gust 1996). Ap-
proximately 45% of the global population lives
in an area of high prevalence (Lavanchy 2004).
Moderate prevalence rates of 2%—7% are seen
in the southern regions of Eastern and Central
Europe, the Amazon basin, the Middle East,
and the Indian subcontinent (Mast et al. 1999).
Low-prevalence regions include much of North
America, the United Kingdom, and Northern
Europe, where the incidence of chronic HBV
infection is <2%. In these countries, HBV is
seen predominantly in immigrants from coun-
tries with high prevalence and their unvacci-
nated offspring as well as in specific groups
with percutaneous and sexual risk factors.

TRANSMISSION

HBV can be detected in serum, urine, saliva,
nasopharyngeal secretions, urine, tears, vaginal
secretions, menstrual blood, and semen (La-
vanchy 2004). The virus can, therefore, be trans-
mitted by perinatal, percutaneous, or sexual
exposure, or via close person-to-person contact
in the presence of open cuts and sores (a com-
mon transmission method in children). The

2 Cite this article as Cold Spring Harb Perspect Med 2014;4:a024935


http://www.cdc.gov/hepatitis/Statistics/index.htm
http://www.cdc.gov/hepatitis/Statistics/index.htm
http://www.cdc.gov/hepatitis/Statistics/index.htm
http://www.cdc.gov/hepatitis/Statistics/index.htm
http://www.cdc.gov/hepatitis/Statistics/index.htm

fco;ﬁ\b Cold Spring Harbor Perspectives in Medicine

PERSPECTIVES

Voo’

www.perspectivesinmedicine.org

most common method of transmission is peri-
natal infection (Stevens et al. 1975).

The mode of transmission of HBV infection
varies geographically. In high-prevalence areas,
such as Southeast Asia and China, perinatal
and early childhood horizontal transmission is
most common, resulting in high levels of chro-
nicity (95% perinatal, 30% before 5 yr of age).
Perinatal transmission is likely to occur at birth
or in the neonatal period. Given the efficacy
of neonatal vaccination in utero, infection is
probably uncommon. The primary determi-
nants of vertical transmission are HBeAg status
and HBV DNA levels. The transmission rate in
HBeAg-positive women is 90% without vacci-
nation, compared with 32% for HBeAg-nega-
tive women (Stevens et al. 1985).

In low-prevalence areas, sexual and percu-
taneous spread ( primarily injecting drug use) is
also seen. In this setting, HBV infection typical-
ly manifests as adult-acquired acute hepatitis
(see below). Progression to chronic hepatitis is
rare in the immunocompetent adult, occurring
in <1% ofindividuals (Sherlock 1987). Patients
already infected with HIV or who are immuno-
suppressed for other reasons are at increased risk
of chronicity after AHB (Bodsworth et al. 1989).

Uncommon Modes of Transmission

Transfusion-related hepatitis B is now uncom-
mon in countries in which blood is obtained
from unpaid donors screened for HBsAg and
anti—hepatitis B core total antibodies (anti-
HBc), with an estimated risk in the United
States of 1/63,000 (Schreiber et al. 1996). Rates
can be lowered even further with the introduc-
tion of nucleic acid amplification testing (NAT).
Nosocomial HBV transmission still occurs de-
spite the availability of vaccination and post-
exposure prophylaxis, although HBV infection
in health care workers (HCW) has declined dra-
matically in countries with HCW vaccination
programs (Mahoneyetal. 1997). The most com-
mon route is patient-to-patient or patient-to-
HCW via needlestick injuries (syringe, suture
needles) or scalpel. Nurses, dialysis staff, sur-
geons, dentists, and their assistants are at high-
est risk. Incomplete vaccination of staff, failure
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to apply universal precautions, and incorrect
needle-disposal techniques are the most preva-
lent reasons for transmission. Knowledge of a
patient’s infectious status does not prevent ex-
posure. HBV DNA levels are the best marker of
infectivity.

Transmission from any organ donation from
HBsAg-positive donors is well recognized, and
all donations are screened for HBsAg. Anti-
HBc-positive liver donors can also transmit in-
fection. This is less common in renal and other
transplants (Wachs et al. 1995).

CLINICAL MANIFESTATIONS
Acute Hepatitis B

The incubation period of AHB varies from 1
to 4 mo postinfection. Clinical presentation
varies from asymptomatic infection in two-
thirds of patients to icteric hepatitis and, rarely,
fulminant liver failure. A serum-sickness-like
illness, characterized by fever, arthralgias, and
rash, may occur in the prodromal period, fol-
lowed by constitutional symptoms, anorexia,
nausea, jaundice, and right upper quadrant
discomfort. Clinical symptoms coincide with
biochemical abnormalities. The biochemical
diagnosis of acute hepatitis is characterized by
elevations in the concentration of serum alanine
aminotransferase (ALT) and bilirubin. ALT val-
ues in AHB are usually >500 IU/mL, with AL'T
being higher than aspartate aminotransferase
(AST). Elevations in bilirubin are usually mod-
est, 5-10 mg/dl (85—170 umol/1). The symp-
toms and jaundice generally disappear after 1—
3 mo, although fatigue may persist for months
in some patients, even after normalization of
liver function tests.

The most serious complication of AHB is
fulminant hepatic failure (FHF). This is unusu-
al, occurring in <0.5% of patients, and defined
as the onset of hepatic encephalopathy within
8 wk of the development of jaundice. The risk of
FHF may be higher in patients acutely infected
with basal core promoter or precore variants,
coinfected with other hepatitis viruses, or with
underlying liver disease. The development of
coagulopathy (marked by an international nor-
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malized ratio [INR] > 1.6) should raise con-
cern about the risk of development of FHE
and warrants consultation with a liver trans-
plant center as the prognosis is poor.

Chronic Hepatitis B

Most cases of CHB occur in endemic popula-
tions as the result of perinatal or early childhood
horizontal transmission. The natural course of
disease is determined by the interplay between
virus replication and the host immune response,
and may be divided into a number of phases: (1)
the immune tolerance phase, (2) the immune
clearance phase, (3) the immune control phase,
and (4) the immune escape phase (Fig. 1).

The immune tolerance phase is character-
ized by high levels of viral replication, with
serum HBV viral load up to 10'* IU/mL and
detectable HBeAg, but no evidence of active
liver disease, as manifested by lack of symptoms,
normal serum AILT measurement, and benign
histology on liver biopsy. The quasi-species is
dominated by a single dominant variant and
HBV-specific T-cell responses are weak or un-
detectable (Webster et al. 2004). The immune
tolerance phase usually lasts 10-30 yr, during

which there is a very low rate of spontaneous
HBeAg clearance, reported at only 15% after 20
yr of infection (Lok et al. 1987).

Transition from the immune tolerance to
the immune clearance phase typically occurs
during the second and third decades of life.
This transition is marked by increased HBV-spe-
cific T-cell immunity, decreasing HBV DNA ti-
ters, increased serum ALT, and necroinflamma-
tory histological changes. This phase is known
as HBeAg-positive CHB. Immune pressure
drives an increase in viral quasi-species diversity.
The immune clearance phase may last for years,
during which time disease activity fluctuates
and progressive liver damage accumulates. The
most important factor influencing prognosis
appearsto be prolonged viral replication at levels
>2000 IU/mL (see below). In a small percent-
age of patients, severe ALT flares result in hepatic
decompensation and, rarely, death from hepatic
failure. HBeAg seroconversion is used as the se-
rological marker of the end of the immune clear-
ance phase and correlates with a significant drop
in viral load, often to undetectable levels and
histological arrest or improvement. HBV is not
cleared from the liver, however, and the nuclear
covalently closed circular DNA (cccDNA) reser-

Serostatus
HBsAg
HBeAg Anti-HBe
. I ———————
Viral load
ALT
_— &
Viral load (1U/mL) >200,000 >20,000 <2000 >2000
Intrahepatic cccDNA copies/cell cccDNA copies/cell cccDNA copies/cell cccDNA copies/cell
replicative +H++ ++ + ++
intermediaries cccDNA transcriptional activity cccDNA transcriptional activity | cccDNA transcriptional activity | cccDNA transcriptional activity
+H++ +++ + ++
Immunologic phase Immune tolerant Immune clearance Immune control Immune escape
Therapeutic window Uncertain Pegylated interferon Moni Pegylated interferon
Nucleoside analogs onitor Nucleoside analogs

Figure 1. The natural history of CHB, showing relationships between serology, biochemistry, and molecular
virology. (Figure created from data in Lok and McMahon 2007.)
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voir persists. Spontaneous HBeAg clearance in-
creases to an annual rate of 10%—20% during
the immune clearance phase (Lok et al. 1987).

Patients in the immune control phase are
HBeAg negative and anti-HBe positive. An ar-
bitrary threshold, below which HBV replica-
tion is not thought to be clinically significant,
has been set at 2000 IU/mL (Lok and McMa-
hon 2007). In some patients, serum HBV DNA
is no longer detectable, even when tested by sen-
sitive polymerase chain reaction assays. Liver
disease remits, as evidenced by normal serum
AIT concentrations and resolution of necroin-
flammatory activity at histology. HBV-specific
T-cell reactivity is high and thought to maintain
viral suppression (Maini et al. 2000). The re-
maining HBV quasi-species is a diverse popu-
lation, with a positive selection of viral variants
defective for HBeAg production, that are able to
persist, but at the cost of reduced replication
phenotype (Lim et al. 2007; Volz et al. 2007).
The annual rate of delayed clearance of HBsAg
has been estimated to be 0.5%—2% in Western
patients, but much lower (0.1%—0.8%) in Asian
populations (Alward et al. 1985; Liaw et al.
1991). HBsAg seroconversion is regarded as a
“cure” and associated with a good prognosis.
It is unlikely that HBV DNA is ever completely
cleared from the liver, however, and a small risk
of reactivation persists in the setting of potent
immune suppression-like allogeneic bone mar-
row transplantation or HIV infection.

Some patients continue to have moderate
levels of HBV replication and active liver disease
(elevated serum AILT and histology showing
chronic inflammation), but remain HBeAg
negative. This usually occurs following the
emergence of variants of HBV that are pheno-
typically HBeAg negative, genotypically include
precore (PC) or basal core promoter (BCP) mu-
tants, and are known as HBeAg-negative CHBs.
It remains unclear whether this occurs as a
smooth transition from the HBeAg-positive im-
mune clearance phase or as reactivation from
the immune control phase.

In adult-acquired CHB, the immune toler-
ance phase is typically absent, with disease pro-
gressing immediately to the immune clearance
phase. Some of these patients will be immuno-
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suppressed, and, in this setting, the disease
course may be more aggressive. This has been
clearly documented in the setting of HIV co-
infection, which confers an increased risk of
cirrhosis and liver-related morbidity (Thio
etal. 2002). In immunocompetent adults, how-
ever, a higher rate of spontaneous and treat-
ment-induced HBsAg seroconversion and low-
er rates of progression to cirrhosis occur.

HBeAg-Positive CHB

HBeAg-positive CHB is associated with risk of
liver fibrosis progression, cirrhosis, and HCC.
A trial of observation for 3—6 mo to allow for
spontaneous HBeAg seroconversion is reason-
able for noncirrhotic patients, as spontaneous
HBeAg seroconversion with sustained HBV
DNA suppression is associated with improved
long-term outcomes (EASL 2003; Liaw et al.
2005; Lok and McMahon 2007). However, a
trial of therapy should then be offered to all
patients with active disease, defined by a viral
load >20,000 IU/mL, and either raised ALT
>2 x the upper limit of normal (ULN) or
moderate to severe inflammation on liver bi-
opsy. In patients with an AI'T <2ULN in the
presence of viral replication, the decision wheth-
er to commence therapy is influenced by the
severity of both inflammation and fibrosis on
the liver biopsy. The options for therapy include
interferon-based therapy or one of the approved
nucleoside analogs (NAs), which is discussed in
detail in Zoulim and Durantel (2014).

HBeAg-Negative CHB

Patients in the immune escape phase are de-
scribed as having HBeAg-negative CHB. Treat-
ment is indicated to prevent the risk of progres-
sion to cirrhosis and HCC, and most guidelines
recommend therapy for individuals with an
HBV DNA level >2000 IU/mL and evidence
of moderate to severe inflammation or signifi-
cant fibrosis (Lok and McMahon 2007). There
is no agreed end point of therapy for patients
with HBeAg-negative CHB. Sustained virologic
response may be achieved in a small percent-
age of patients using interferon-based therapy;
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however, most patients require prolonged ther-
apy with an NA. Treatment decisions must weigh
the risk of future clinical complications against
the long-term costs and risk of antiviral resis-
tance. Liver biopsy is useful in decision making
as the presence of significant fibrosis should
trigger consideration of therapy. In patients
with mild fibrosis and inflammation, but on-
going replication, there are no data to deter-
mine whether the risk of long-term antiviral
resistance outweighs the benefit of initial viral
suppression, although the long-term risk of re-
sistance among naive patients treated with en-
tecavir or tenofovir is very low. Treatment of
HBeAg-negative CHB is discussed in detail in
Zoulim and Durantel (2014).

Sequelae of CHB

The major complications of CHB are cirrho-
sis, hepatic decompensation, and HCC. Extra-
hepatic manifestations can also occur. Between
15% and 40% of individuals with CHB will de-
velop liver sequelae during their lifetime, with
the highest risk in men (Beasley et al. 1982; Beas-
ley 1988). CHB has a variable natural history
and accurately predicting prognosis in an indi-
vidual patient is difficult. Studies to identify
the characteristics of patients at risk have been
limited by the long duration of follow-up re-
quired. A key role has been identified for a se-
rum HBV DNA level >2000 IU/mL as a risk
factor for clinical progression to cirrhosis and
HCC (Chen et al. 2006a; Iloeje et al. 2006).

Cirrhosis

The current challenge in CHB is to identify pa-
tients at risk for progressive liver disease so that
therapy may be offered early to alter the natu-
ral history. The major risk factors for progres-
sion to cirrhosis are viral load, the presence
of fibrosis on liver biopsy, and elevated serum
ALT. Other factors that influence progression to
cirrhosis include viral genotype, quantitative
surface antigen, coinfection with other viruses,
such as hepatitis C virus (HCV), hepatitis D
virus (HDV), and HIV, and alcohol consump-
tion (Yim and Lok 2006).

In patients with CHB, the strongest inde-
pendent predictor of progression to cirrhosis is
HBV viral load (Iloeje et al. 2006). In a prospec-
tive study of 3582 community-based HBsAg-
positive Taiwanese aged >30 yr, the risk of cir-
rhosis increased as baseline viral load increased
(Iloeje et al. 2006), and a critical threshold of
viral load of 2000 IU/mL was identified. The
effect of viral load was independent of age, sex,
cigarette smoking, alcohol consumption, HBeAg
status, and alanine transaminase level. The an-
nual incidence of cirrhosis was 0.9%, lower than
the reported rate of 2% —7% observed in tertiary
referral center populations (Liaw et al. 1988; Fat-
tovich et al. 1991; Hsu et al. 2002). A second
large prospective study conducted in mainland
China (Chen et al. 2006b) has confirmed this
central role for viral load in prognostication
(Iloeje et al. 2006). Whether these data can be
extrapolated to younger patients, particularly
those still in the immunotolerant phase of dis-
ease, or to HBsAg carriers in Western countries
with adult-acquired HBV infection, remains un-
clear.

Elevated serum ALL, especially frequent ALT
flares, have been shown to be risk factors for
progressive disease (Hadziyannis and Papatheo-
doridis 2006). Mild elevations of serum ALT
also predict for poor outcome, however, and it
is likely that only a persistently low-normal se-
rum ALT (<0.5 ULN) is reassuring (Yuen et al.
2005). Liver biopsy remains a useful clinical tool,
and histology has prognostic significance. The
probability of evolution to cirrhosis is increased
in patients with moderate to severe inflamma-
tory changes (Liaw et al. 1988; Fattovich et al.
1991) or advanced fibrosis (Park et al. 2007).

Viral factors have been shown to have an
influence on the risk of disease progression. In
Asian countries, where genotypes B and C pre-
dominate, more rapid and frequent progression
to cirrhosis has been noted in patients with ge-
notype C disease (Chu et al. 2002; Sumi et al.
2003). Much of this risk is explained by the
observation that the age of HBeAg seroconver-
sion is greater in genotype C compared with
genotype B patients, confirming the critical
role of prolonged viremia. Genotype C disease
has been associated with more advanced disease
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than genotype D in Western populations (Fat-
tovich et al. 1988; Bell et al. 2005; Feld and
Heathcote 2006). There are no natural history
studies that compare all four of the major geno-
types. In addition to genotype, a pathogenic
role has been proposed for the common viral
mutants associated with HBeAg-negative CHB.
HBeAg-negative disease has been associated
with severe and progressive disease; a significant
proportion of patients have been found to have
established cirrhosis on liver biopsy (Chu et al.
2003; Lin et al. 2005). The BCP mutation has
been identified as a risk factor for cirrhosis
(Fattovich et al. 1995). The role of the PC var-
iant, the most common variant associated with
HBeAg-negative disease, remains unclear.

Hepatic Decompensation

Decompensated liver disease develops as a com-
plication of cirrhosis. The estimated 5-yr risk of
progression to decompensation is 20%—23%
(Realdi et al. 1994). Risk factors for decom-
pensation and death include persistent viremia,
age, and markers of impaired synthetic function
(including low albumin, low platelets, high bi-
lirubin, and ascites) (Liaw et al. 2004). Once de-
compensation occurs, the estimated 5—yr sur-
vival is 14%—35%, compared with 80%—85%
for compensated patients. The advent of NA
therapy has had a dramatic impact on this nat-
ural history, again confirming the critical role
viral replication plays in disease progression.

HCC

Seropositivity for HBsAg is one of the most
important risk factors for the development of
HCC. The relative risk of developing HCC as-
sociated with HBsAg positivity varies from sev-
enfold in Japan to 60- to 98-fold in Taiwan,
likely proportional to the respective population
attributable risks of 10% and 94%, respectively
(Chen et al. 2006a). More important for clinical
practice is risk stratification for individual pa-
tients with CHB.

Serum HBV DNA level has a profound im-
pact on the risk of development of HCC in CHB
patients (Chen et al. 2006a). A biological gra-
dient of risk, according to a single measure-
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ment of serum HBV DNA level, was first defined
in a large prospective Taiwanese cohort (the
REVEAL cohort). These patients were older
(>30yr), male (62%), and the majority (85%)
were HBeAg negative. The cumulative incidence
of HCC over 13 yr of follow-up varied from
1.3% to 14.9% for HBV DNA levels of <60 IU/
mL and >200,000 [U/mL, respectively. Indi-
viduals were at highest risk if HBV DNA level
was persistently >20,000 IU/mL. Conversely, a
significant reduction in HCC risk was observed
in those who had a high HBV DNA level at base-
line, but in whom viral load was significantly
reduced at follow-up (Chen et al. 2006a). HBV
DNA levels remained independent predictors
of HCC even after adjusting for known covari-
ates including male gender, older age, cigarette
smoking, alcohol consumption, HBeAg posi-
tivity, raised serum ALT level, and the presence
of cirrhosis at baseline. The importance of HBV
DNA level in hepatic carcinogenesis was further
emphasized in a second study that found that
nucleoside analog therapy for patients with ad-
vanced fibrosis or cirrhosis reduces the risk of
HCC (Liaw et al. 2004). HBsAg level is predic-
tive of HCC development in the specific cohort
of HBeAg-negative patients with HBV DNA
level <2000 TU/mL (see below).

The ERADICATE-B study assessed HBsAg
level and risk of HCC in 2688 Taiwanese
HBsAg-positive patients followed over a mean
period of 14.7 yr (Tseng et al. 2012). The cohort
was predominantly male (61%), aged >28 yr,
and genotype B (81%). Similar to the REVEAL
study, the risk factors for HCC were older age,
male gender, elevated ALL elevated HBV DNA
level, and HBeAg positivity. HBsAg level was
identified as an independent risk factor for
HCC among HBeAg-negative patients with an
HBV DNA level <2000 [U/mL. In this group,
an HBsAg level >1000 IU/mL was associated
with an adjusted hazards ratio (HR) of 13.7
(95% confidence interval [CI]: 4.8-39.3)
(Tseng et al. 2012).

Viral factors that are associated with the
development of HCC have been identified. Ge-
notype C is associated with increased risk com-
pared with genotype B (Kao et al. 2000; Yu et al.
2005; Tseng et al. 2012) in Asian populations,
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likely secondary to the prolonged high-level vi-
remia, which occurs with genotype C infection.
BCP mutations have been linked to hepatic car-
cinogenesis (Kao and Chen 2003). BCP muta-
tions are more common in genotype C disease;
again, a common factor may be the degree and
duration of viremia. More recently, genotype
F disease has been associated with the devel-
opment of HCC among Alaskan native people
(Livingston et al. 2007). High rates of HCC
have been observed in young individuals from
sub-Saharan Africa, which has been linked to
African genotype A1 HBV (Kramvis and Kew
2007).

A number of groups have recently used data
from large natural history studies in Asia to de-
velop clinical risk calculators for point-of-care
used to estimate individual patient risk for HCC
development over time (Yang et al. 2014). Al-
though these calculators are useful for the
doctor—patient interaction and may influence
clinical decision making, prospective validation
of their import for guiding the decision to start
antiviral therapy is warranted.

HBsAg Quantification and Long-Term
Outcomes of CHB

Although HBsAg quantification has been avail-
able for >20 yr, more recent development of

relatively inexpensive and rapid automated as-
says has led to investigation of its role in clinical
decision making. Current assays for measuring
HBsAg levels capture all forms of HBsAg, in-
cluding virion-associated HBsAg and subviral
particles. HBsAg levels may reflect hepatocyte
cccDNA level and/or cccDNA transcriptional
activity, as well as integrated HBV sequence,
and its clinical utility may relate to a semi-quan-
titative measure of overall liver “HBV load”
(Martinot-Peignoux et al. 2013). Several studies
of variation in HBsAg levels during the natural
history of hepatitis B have shown that HBsAg is
highest during the immunotolerant phase and
declines through the immune clearance and
control phases (Fig. 2) (Nguyen et al. 2010).
In this context, HBsAg level has been evaluated
as a biomarker for the natural history of disease
with a specific focus on risk of disease progres-
sion, and appears to have utility for defining
stopping rules for peginterferon treatment.
In a cohort of 542 HBeAg-positive patients
undergoing interferon-based treatment, a sus-
tained response was achieved in 51% versus
16% of patients with a 12-wk HBsAg level of
<1500 TU/mL versus >20,000 IU/mL, respec-
tively (Lau and Brunetto 2009). In the PARC
trial of 107 HBeAg-negative patients treated with
peginterferon alfa-2a, a stopping rule of week
12 HBV DNA decline of <2 log copies/mL,

p = 0.007 p=0.003
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Figure 2. Distribution of serum HBsAg titres throughout the natural history of CHB. IT, immune tolerant; IC,
immune clearance; LR, low replicative; ENH, HBeAg-negative hepatitis. (From Nguyen et al. 2010; reprinted,

with permission, from Elsevier ©) 2010.)
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and no decline in HBsAg level identified a co-
hort of 20 patients whom would not achieve
a sustained response (Rijckborst et al. 2010).

The level of HBsAg may differentiate the risk
of immune escape among patients in the im-
mune control phase of CHB. Brunetto et al.
(2010) investigated whether HBsAg quantifica-
tion could predict persistence of the immuno-
tolerant phase or progression to reactivation in
a cohort of 209 genotype D patients with inac-
tive hepatitis B. A combination of HBsAg
<1000 IU/mL and HBV DNA <2000 [U/mL
predicted maintenance of inactive carrier state
at 3 yr with an 87.9% positive predictive value.
This has since been validated in a Taiwanese
study of genotype B and C patients (Tseng et
al. 2013).

Low HBsAg levels in the immune control
phase of CHB have also been linked to the like-
lihood of HBsAg seroclearance. The ERADI-
CATE-B study identified HBsAg levels to
strongly predict for HBsAg loss over time
(Chao et al. 1988). Among 688 HBeAg-negative
patients with an HBV DNA <2000 IU/mL at
baseline, HBsAg clearance occurred at a rate of
1.6% per year. An HBsAg level of <10 [U/mL
was associated with an annual clearance rate
of 7%, 13.2 times that of patients with a base-
line HBsAg >10,000 [U/mL. HBsAg levels
were more useful for predicting long-term
HBsAg seroclearance than HBV DNA levels.

Finally, HBsAg levels have been associated
with risk of HCC development. Data from 3411
HBV carriers in the REVEAL study showed
that both HBsAg and HBV DNA levels were
independent predictors of HCC development.
The multivariate-adjusted HR for HCC devel-
opment increased from 1.0 (reference) for se-
rum levels of HBV DNA/HBsAg of <2000/
<100 IU/mL to 9.22 (95% CI: 4.34-19.58)
for serum levels of HBV DNA/HBsAg of
>2000/>100 1U/mL (Lin and Kao 2013).
Similar findings were observed in the ERADI-
CATE-B study. Among 2688 noncirrhotic CHB
individuals followed for a mean of 14.7 yr, the
independent predictors of HCC risk were HBV
DNA level (HR: 4.7; 95% CI: 2.2-10.0), in-
creased quantitative [q]HBsAg (HR: 7.2; 95%
CI: 1.8-28.6), and elevated AIT level (HR: 6.6;
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95% CI: 2.2—19.8) (Tseng et al. 2012). HBsAg
levels were most useful in patients with an HBV
DNA level <2000 IU/mL; the risk of HCC
for individuals with HBV DNA <2000 IU/
mL and HBsAg >1000 IU/mL was much high-
er than those with HBV DNA <2000 IU/mL
and HBsAg <1000 IU/mL (HR: 13.7; 95% CI:
4.8-39.3) (Tseng et al. 2012).

HBsAg Seroclearance

HBsAg seroclearance is the ultimate goal of
treatment for individuals with CHB. In the set-
ting of long-term follow-up, some individu-
als with chronic HBV infection will eventually
become HBsAg negative. Estimates of the annu-
al rate of delayed clearance of HBsAg are much
lower in Asian patients than among patients
from the West (0.1%-0.8% vs. 0.5%—2.0%)
(Alward et al. 1985; Liaw et al. 1991; Liu et al.
2010). Among 3087 predominantly HBeAg-
negative patients enrolled in long-term follow-
up in the REVEAL, HBsAg clearance occurred
in 562 participants during 24,829 person-years
of follow-up evaluation (an annual clearance
rate of 2.26%). Clearance was preceded by a
decrease in HBV DNA. The cumulative inci-
dence of HBsAg clearance after 5 and 8 yr was
~26% and 51%, respectively, in patients whose
serum HBV DNA became undetectable. HBsAg
clearance may be preceded by decreasing lev-
els of HBsAg. As noted above, HBsAg levels
of <10 IU/mL were associated with an annu-
al clearance rate of 7% among individuals
enrolled in the ERADICATE-B study, 13.2
times that of patients with a baseline HBsAg
>10,000 IU/mL. HBsAg levels were more use-
ful for predicting long-term HBsAg seroclear-
ance than HBV DNA levels.

Patients who clear HBsAg appear to have a
good prognosis (Chen et al. 2002). In a Euro-
pean study of 612 patients with compensated
liver disease followed prospectively for 15 yr,
75 cleared HBsAg. Among those that cleared
HBsAg, the incidence of liver-related complica-
tion (cirrhosis, hepatic decompensation, and
HCC) was 1.8% compared with 11.6% for those
with persistent HBsAg (Lauret et al. 2014).
The benefit was greatest in patients with cirrho-
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sis. However, clearance of HBsAg does not com-
pletely remove the risk of HCC (Huo et al. 1998;
Yuen et al. 2008). The age of seroclearance may
be important, and seroclearance before the age
of 50 yr appears to be important. In a study
from Hong Kong, the likelihood of developing
HCC was greater in those who cleared HBsAg
when older than age 50 (Yuen et al. 2008).

Occult Hepatitis B

Occult HBV infection is defined by the presence
of detectable HBV DNA in a patient in whom
HBsAg is not measurable. In a small number
of these patients, viral variants may be iden-
tified that produce an antigenically modified
HBV S protein not detectable using commer-
cial HBsAg assays, or carrying mutations that
inhibit S gene expression (Raimondo et al.
2007). However, in most cases, the occult status
does not seem to result from genomic hetero-
geneity. Rather, the occult expression results
from strong suppression of viral gene expres-
sion. Most of these patients have very low-level
HBV DNA in the serum (typically 10°~10° TU/
mL), accounting for the failure to detect HBsAg.
The epidemiology of occult HBV remains poor-
ly defined. It remains rare in the Western world.
It appears to be more common in endemic ar-
eas, in the setting of coinfection with HCV and
HIV, in patients with a history of injecting drug
use, hemophiliacs, and patients on hemodialy-
sis (Raimondo et al. 2007). There is increasing
evidence that occult HBV is relevant clinically.
Occult HBV carriers may be a source of HBV
transmission in the case of blood donation.
There is a risk of viral reactivation in patients
who are immunosuppressed. Although there is
no prospective data, there is evidence to suggest
an association between occult HBV and pro-
gressive liver fibrosis and HCC (Raimondo
et al. 2007).

Extrahepatic Manifestations

HBYV infection is associated with several extra-
hepatic manifestations, which are thought to
be mediated by circulating immune complexes
(Han 2004). These include the serum-sickness-

like prodrome of acute HBV infection, poly-
arteritis nodosa (PAN), HBV-associated glo-
merulonephritis (GN), mixed essential cryoglo-
buliaemia, and neurological manifestations.

A serum-sickness-like prodrome precedes
clinical hepatitis by 1-6 wk in 10%-30% of
those acquiring acute HBV infection. Also
known as the “arthritis-dermatitis” syndrome,
it is characterized by a symmetrical generalized
inflammatory arthritis, typically involving the
small joints of the hands and feet, which may
be indistinguishable from acute rheumatoid
arthritis. The joint lesions are nondestructive,
however. Skin manifestations are variable, oc-
curring in >50% at the time of or shortly after
the joint symptoms. Lesions described include
maculopapular, petechial, or purpuric rash,
palpable purpura, Henoch-Schonlein-type pur-
pura, erythema multiforme, toxic erythema, li-
chenoid dermatitis, and urticaria. Fever is com-
mon. Renal involvement with proteinuria or
hematuria is much less common. Angioneu-
rotic edema may rarely occur.

PAN is a rare but serious complication of
HBV infection. The syndrome normally pre-
sents within 4 mo of the clinical onset of HBV
infection, with abdominal pain attributable to
arteritis of medium-sized vessels causing ische-
mia of the intestine and gallbladder. The finding
of microaneurysms of blood vessels in the renal,
hepatic, or mesenteric circulations on angiog-
raphy is virtually pathognomonic. Tissue biop-
sy of affected organs revealing inflammation
of the medium-sized arteries confirms the diag-
nosis. Treatment involves antiviral therapy, im-
munosuppression, and plasma exchange. The
prognosis is poor without treatment, with mor-
tality of up to 50%.

GN is more commonly associated with
CHB. The most common presentation is ne-
phritic syndrome. A number of patterns of glo-
merular injury have been described, including
membranoproliferative GN, membranous GN,
and rarely mesangial proliferative GN. In chil-
dren, the disease is usually self-limited; however,
progression to renal failure has been described
in adults. The association of HBV infection with
mixed essential cryoglobulinemia is controver-
sial. Rare cases have been reported; however, the
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majority of cases are now recognized to be as-
sociated with HCV infection (Ferri et al. 2004).

Other manifestations of HBV-related vas-
culitis include mononeuritis multiplex and poly-
neuropathy. Guillain—Barré syndrome has been
reported. Associations with polymyalgia rheu-
matica, polymyositis, and HLA-B27-positive
ankylosing spondylitis have also been reported,
although a causative link remains controversial.

HBV-HIV COINFECTION

CHB affects ~10% of HIV-infected patients.
HIV impacts directly on the outcome of HBV
infection, complicating its natural history, diag-
nosis, and management. In the setting of HIV/
HBV coinfection, levels of serum HBV DNA
tend to be higher and spontaneous HBeAg se-
roconversion occurs at a lower rate. For reasons
that remain unclear, liver damage, especially fi-
brosis, progresses at a faster rate than in HBV
monoinfection, despite hepatic necroinflam-
mation, typically being less severe. With im-
proved control of HIV disease with highly active
antiretroviral therapy (HAART), liver disease
has emerged as one of the leading causes of
death in patients with HIV (Thio et al. 2002).

Therefore, all patients with HIV should be
screened for HBV infection. It is recommended
that testing for both anti-HBc and HBsAg be
performed, as patients with HIV can have occult
HBYV, with high levels of HBV DNA and anti-
HBc, but not HBsAg. Similarly, all HBV pa-
tients should undergo HIV testing (Lok and
McMahon 2007).

Anti-HBV therapy should be considered for
all HIV /HBV-coinfected patients with evidence
of liver disease, irrespective of the CD4 cell
count (Thio and Locarnini 2007). In coinfected
patients not requiring HAART, HBV therapy
should be based on agents that do not target
HIV. Entecavir, previously recommended as
first-line therapy in this situation, is now recog-
nized to have anti-HIVactivity, and is associated
with the accumulation of HIV-1 variants with
the lamivudine-resistant mutation, M184V
(McMahon et al. 2007). Therapeutic options,
therefore, include ADV (10 mg) or PEG. Al-
though LdT does not target HIV, its use as
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monotherapy is not recommended because of
the risk of selection of the M204I mutation in
the YMDD motif.

In contrast, in patients with CD4 counts
<350 cells/pL, the use of agents with dual
anti-HIV and -HBV activity should be consid-
ered. These include LMV (or FTC) and TDE
ideally as combination therapy. Rates of HBV
resistance are more common in the setting
of coinfection, and combination therapy will
avoid or delay the development of antiviral re-
sistance. Combination therapy may also limit
the risk of immune reconstitution disease, re-
sulting in serious hepatic flare and precipitating
liver decompensation, a particular risk for pa-
tients presenting with advanced HIV infection
and reduced functional hepatic reserve caused
by HBV-related cirrhosis.

The hepatitis B vaccine should be given to
all HIV-positive persons who are negative for
HBV seromarkers. The vaccine should be given
when CD4 cell counts are >200/pL, as re-
sponse is poor below this level. Persons with
CD4 counts below 200 should receive HAART
first, deferring the HBV vaccine until CD4
counts increase to >200/pL.
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