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Abstract

Chronic hepatitis B (CHB) is a condition of global
prevalence and its sequelae include cirrhosis and he-
patocellular carcinoma. The natural history of CHB is
a complex interplay of virological, environmental and
host factors. The dynamic relationship between the
virus and host evolves over the duration of the infec-
tion and different phases of the disease have been ob-
served and described. These have been conceptualized
in terms of the state of balance between the host im-
mune system and the hepatitis B virus and have been
given the labels immune tolerant, immune clearance,
immune control and immune escape although other
nomenclature is also used. Host factors, such as age at
infection, determine progression to chronicity. Virologi-
cal factors including hepatitis B viral load, mutations
and genotype also have an impact on the adverse
outcomes of the infection, as do hepatotoxic cofactors
such as alcohol. Our understanding of the natural his-
tory of CHB has evolved significantly over the past few
decades and characterizing the phase of disease of
CHB remains an integral part of managing this virus in
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the clinic.
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Core tip: Hepatitis B is a disease of worldwide signifi-
cance. It involves a complex interplay of viral, host and
environmental factors. This review article on the natu-
ral history of chronic hepatitis B focuses on the phases
of disease. We outline the historical development of
these concepts. We describe the specific characteristics
of different phases, e.g., the patterns of alanine trans-
aminase abnormalities in the hepatitis B e antigen pos-
itive immune clearance phase. Lastly, we review some
of the more recent data in relation to the outcomes of
various phases, in particular the development of cir-
rhosis and hepatocellular carcinoma.
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EPIDEMIOLOGY: GLOBAL

Hepatitis B is a major, wotldwide, public health problem.
Current World Health Organization estimates for the
prevalence of hepatitis B infection are that 240 million
people have chronic infection and that approximately
600000 people die every year due to the acute or chronic
complications of the virus'. Estimates from around
2004 suggested that 2 billion people worldwide have been

exposed to the hepatitis B virus (HBV)[Z]. The rates of
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Table 1 Geographical variation in hepatitis B prevalence and patterns of transmission

[81

Pattern of Geographical

prevalence area HBsAg positive

Percent of population

Predominant age at infection Predominant mode of transmission

High = 8% Southeast Asia, China, Pacific Islands, 8%-20%

Sub- Saharan Africa
Intermediate Eastern Europe, the Mediterranean 2%-7%
2%-7% basin, Middle East, Central and
South Asia, Japan, Central and
South America
United States and Canada, Western
Europe, Australia and New Zealand

Low <2% 0.2%-0.5%

Perinatal and early childhood Maternal-infant, percutaneous (e.g.,
unsterile medical equipment used in vac-
cination, traditional medicine practices)
Percutaneous (e.g., horizontal transmis-
sion between children through open

wounds/ cuts), sexual

Early childhood/adolescence

Adult Sexual, percutaneous (e.g., intravenous

drug use)

HBsAg: Hepatitis B surface antigen.

Viral mutations HBV

—

HBV DNA level

Other liver toxins
(alcohol, NAFLD)

Fam|Iy history |Host Environment
Coinfection with
Age at infection HCV, HDV, HIV
Aflatoxin

schistosomiasis

Figure 1 Factors interacting to affect the natural history of chronic hepati-
tis B. HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; HDV: Hepa-
titis D virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.

chronic carriage of hepatitis B surface antigen (HBsAg)
can be up to 20% or more in some countries, and the pro-
portion of patients with serology reflecting previous ex-
posure to HBV (hepatitis B core Ab and hepatitis B sur-
face Ab) can be up to 70%-95%". Asia and the Western
Pacific have the highest proportion of chronic hepatitis
B (CHB) with 75% of the world’s CHB population being
concentrated in these countries'’. Globally overall, 30%
of cirrhosis and 53% of hepatocellular carcinoma (HCC)
has been calculated to be attributable to hepatitis B infec-
tion. In certain regions of the world e.g., Africa and China,
that proportion is even higher5 The prevalence of HBV
infection varies in different countries”. Countries of low,
medium and high prevalence have been identified and
these differ in many ways including predominant mode
of transmission and age at infection™ (Table 1). The
natural history of CHB is considered to evolve through
a number of clinical phases reflecting different points in
the host-virus immune relationship. These phases have
differing patterns of HBV viral load, hepatitis B e antigen
(HBeAg) status and serum transaminase concentration.
The concept of different phases has been critical to our
understanding of CHB. It gives clues to the likely time
and mode of infection, provides prognostic information
on likelihood of fibrosis progtression and directs clinicians
on the appropriate course of management.
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NATURAL HISTORY OF HBV INFECTION

The natural history of CHB is determined by a complex
interplay of viral, host and environmental factors (Figure
1)[9]. The influence of specific virological factors, on the
course of CHB, is being increasingly recognized. For ex-
ample, genotype can influence timing of seroconversion,
but there is also evidence of an impact on adverse clinical
outcomes. Genotype C compared to B and genotype D
compared to A" have been associated with more severe
liver disease. The risk of developing HCC has been sug-
gested to be increased in young patients with genotype B
(especially those < 35 years)!. Specific viral mutations
have been shown to be an independent risk factor for ad-
vanced liver disease, in particular the basal core promotor
mutation”, HBV DNA levels have been shown to be a
very strong predictor of cirrhosis and HCC in a cohort
of over 3000 patients" """, Environmental influences in-
cluding co-infection with other hepatitis viruses (C or D)
or human immunodeficiency virus, coexistent sources of

liver injury such as in alcoholic or fatty liver disease and
exposure to other infectious agents such as schistosomia-
sis or carcinogens like aflatoxin in parts of the developing
wortld, also have a bearing on the development of cirrho-
sis or HCC in hepatitis B patients'”.

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

HISTORICAL OVERVIEW OF HBV AND
THE PHASES OF DISEASE

Blumberg ¢z a/'" reported in 1967 on the discovery of a
novel antibody found in the serum of a multiply trans-
fused hemophilia patient. This antibody reacted with
only 1 of 24 sera against which it was tested. The react-
ing serum came from an Australian aborigine hence the
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Figure 2 Natural history and phases of chronic hepatitis B. The figure
represents the possible courses of perinatally acquired chronic hepatitis B and
progression through different phases. The red line represents hepatitis B virus
DNA with fluctuations in viral load during flares while dashed red represents an
alternative course. The black line represents alanine aminotransferase (ALT)
with the dashed black line representing persistent elevation of ALT while the
solid line represents intermittent elevation of ALT and flares. HBeAg: Hepatitis
B e antigen; HBeAb: Antibodies to HBeAg.

antigen was named the “Australia antigen”. Shortly after-
wards it was noted that this viral protein was associated
with hepatitis, especially “long incubation” viral hepati-
tis'"™ and post transfusion hepatitism]. The Australia anti-
gen was subsequently renamed HBsAg and it was noted
that HBsAg positive patients could fall into 2 clinical
categories; those with evidence of liver disease (abnormal
alanine aminotransferase (ALT) and necroinflammation
on liver biopsy) and those without, who were termed
“healthy” HBsAg carriers”™?,

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

CLASSIFICATION OF PHASES OF
DISEASE OF CHB

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

IMMUNE TOLERANT PHASE

The key features of this phase are HBeAg positivity,
very high serum HBV DNA levels (usually > 2 X 10°-2
x 10" U/ ml) but normal ALT levels and minimal or
absent inflammation or fibrosis on liver biopsy. Cur-
rent Australian guidelines include HBV DNA levels
of > 20000 IU/mL for definition of this phase. The
immune tolerant phase is classically seen in Asian chil-
dren infected perinatally with HBV and can last for
several decades””. The phase is also seen in childhood
acquired, horizontal infection but is thought to be of
much shorter duration™. An early study by Lok and
Lai in Chinese children in the immune tolerant phase
(43 HBeAg positive children, median age 10, followed
for a median of 24 mo) showed that HBV DNA levels
were highest in the youngest children. They also dem-
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Table 2 Phases of disease in chronic hepatitis B

Phase 1 Phase 2 Phase 3 Phase 4
Immune tolerance Immune clearance Immune control Immune escape
Serology HBeAg positive HBeAg positive HBeAg negative HBeAg negative
HBeADb negative HBeAb negative HBeAb positive HBeAb positive
ALT (IU/mL) Persistently normal Persistently or intermittently Persistently normal Persistently or intermittently
abnormal abnormal
HBV DNA (IU/mL) Very high (usually > High but less so than in Immune <2000 IU/mL > 2000 IU/mL (fluctuating)
2 x 10°-2 x 107) tolerant phase (but up to 20000 [U/mL)
Liver histology Normal or mild hepa- Moderate or severe necroinflam- Normal or mild inflammation Moderate to severe inflamma-

titis
Age usually young

tion and fibrosis # cirrhosis
Predominance of HBV with

mation and fibrosis

Specific features Intermittent flares or ongoing ~ May have serum HBsAg levels < 1000

(< 20-30 yr). Phase ab-
sent or very short in
Mediterranean CHB
Alternative nomen-  Immunotolerant

clature

mild elevation of ALT. Ends with
seroconversion to HBeAb positive

IU/mL precore/basal core promotor
mutations
state
HBeAg positive immune ac-

tive (AASLD)/immune reactive

Inactive HBsAg carrier state (EASL ~ HBeAg negative CHB (EASL)/

and AASLD)/residual or inactive  reactivation or relapse (APASL)

HBeAg positive phase (EASL)

chronic HBV infection (APASL)

Adapted from Ref [33]. CHB: Chronic hepatitis B; AASLD: American Association of the study of liver diseases; EASL: European Association for the study
of the liver; APASL: Asian Pacific Association for the study of the liver; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface

antigen; HBeAg: Hepatitis B e antigen.

onstrated that while average ALT levels were similar
at the first and last follow-up visits, being 25 and 20
IU/mL respectively, mild transient elevations of ALT,
sometimes accompanied by changes in HBV DNA were
noted during follow-up™. Liver histology in the immune
tolerant phase shows non-specific histologic change[”].
A 2007 study from Hong Kong of paired liver biopsies
showed little or no histological fibrosis on initial liver bi-
opsy (median fibrosis Ishak stage 1) in 57 adult immune
tolerant patients and a very low rate of progression over
5 years'™. A paired transient elastography study with
liver stiffness measurements in HBeAg positive patients,
74 in the immune tolerant phase and 137 in the immune
reactive phase, similatly found low rates of fibrosis pro-
gression, 4.2% and 6.6% for the aforementioned groups
respectively, over a 42 mo period". In contrast, Lai ez
al™ recently found that a fibrosis stage of 2 or greater
could be seen in 18% of HBeAg-positive subjects with
persistently normal ALT (defined as ALT < 40 on at
least 2 occasions over at least 6 mo). However, the au-
thors acknowledge that few of their persistently normal
ALT patients truly fit the pictute of immune tolerance
being older or with lower viral loads. They suggest that
the term be reserved for young patients with HBV DNA
> 10° copies/mL and “low normal” ALT™. The “loss”
of immune tolerance typically occurs during the second
and third decades™ and was noted to occur at a median
age of 30.7 years in a retrospective study of 40 HBeAg
positive patients with normal ALT and HBV DNA >
10" copies/mL"™. Tncreasing age has been shown to pre-
dict adverse outcomes in HBeAg positive patients™*.
These data thetefore make it important for clinicians to
be vigilant in evaluating and monitoring older HBeAg
positive patients in the immune tolerant phase of disease
- especially those with “high normal” or minimally ele-
vated ALTs or intermittent elevation of ALT. Biopsy has
been advocated for immune tolerant patients who are
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older than 40 years to assess degree of histologic dam-
age™. Treatment has not generally been recommended
during the immune tolerant phase because of the lack
of proven efficacy. Early studies in children treated dur-
ing the immune tolerant phase did not show increased
rates of seroconversion either with interferon (IFN) or
lamivudine™*". However a recent case control study of
28 children in the immune tolerant phase, treated with
lamivudine for 8 wk followed by IFN alpha for 44 wk,
showed durable HBeAg seroconversion in 10/28 (36%)
and HBsAg clearance in 6/28 (21.4%) after a mean

follow-up of 21 mo™”,

IMMUNE CLEARANCE PHASE

The immune clearance phase is a phase of HBeAg posi-
tive CHB, characterized by intermittent or persistent
elevation of ALT levels and high HBV DNA levels,
although not as high as in the immune tolerant phase.
This is a period of immune mediated liver damage as
evidenced by necroinflaimmation on liver biopsy and
varying degrees of fibrosis. A typical feature of this
phase is the occurrence of spontaneous flares which

represent an intensification of the immune response to
HBV. Flares are often preceded by an increase in the
HBYV DNA level and thus may be precipitated by the
increased levels of replicating wild-type virus'*” although
the cause of this remains unclear. There are no strict
definitions or criteria for flares however in eatly work
done by several Asian groups the studies generally used
ALT greater than 5-times the upper limit of normal
(ULN) or an absolute elevation in ALT greater than 300
IU/mL. Histologically there is evidence of acute lobular
hepatitis superimposed on changes of chronic viral hep-
atitis™ but severe changes of bridging necrosis have also
been described. Clinically, most flares ate asymptomatic
but some may be accompanied by symptoms of acute
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hepatitis. Hepatic decompensation can occur in approxi-
mately 5% of flares and has been shown to be predicted
by HBV DNA levels of > 1.55 X 10’ copies/mlL (ap-
proximately 2.88 X 10" TU/mIL)"". Flares may rarely
result in fatality[sﬂ. Factors predicting HBeAg serocon-
version following a flare include alpha fetoprotein (AFP)
greater than 100 ng/mlL, presence of bridging necrosis
on liver biopsy and also the degree of ALT clevation®™.
The chance of HBeAg seroconversion within 3 mo of
a flare in patients with peak ALT levels > 5 X ULN was
46.4%. This was compared with 27.2% and 35.6% in
patients with peak ALT levels 1.5-2 times ULN and 2-5
times ULN respectively. Those with peak ALT > 5 ULN
as well as peak AFP levels > 100 ng/mL in this study
had the highest chance of HBeAg seroconversion (57%)
within three mo of the exacerbation™. The frequency
with which flares occur was studied by Liaw ez a/™ who
found that in 237 HBeAg positive patients (mean follow-
up of 24.5 mo), 199 episodes of flare (defined as ALT
> 300 IU/mL) were noted in 148 (62%) patients. ALT
flares are more common in men than women which may
account for the higher rates of cirrhosis in men™. Al-
though flares are a well recognized and frequent part of
the natural course of hepatitis B, it is certainly wise also
to consider superimposed infections with other hepa-
totropic viruses (hepatitis A, hepatitis C and hepatitis
D) especially in patients with possible risk factors. The
postpartum period, when immune reconstitution occurs
following the relative immunosuppression of pregnancy,
is a time of significant risk for HBV immune-mediated
flares™. Although some data suggest that the prognosis
following acute flares (ALT > 6 X ULN) is good, with

. . 57
a low rate of complications long term®”

, severe acute
exacerbation complicated by subacute hepatic failure
carties an increased tisk of cirrhosis”™. In other patients
there may be several abortive attempts at seroconversion
associated with flares, with loss of HBeAg but then se-
roreversion (reappearance of HBeAg) being seen, espe-
cially in patients who have not yet developed HBeAbP,
This, likewise, increases progression of fibrosis. The du-
ration of the immune clearance phase has been shown
recently to have a strong impact on the development of
complications. Those who seroconvert after the age of
40 have a significantly higher risk of developing cirrho-
sis, HCC and HBeAg negative CHB than those whose

. 60
seroconversion occurs before the age of 30 years'®”.

OTHER PATTERNS OF ALT
ABNORMALITY IN THE IMMUNE
CLEARANCE PHASE: INDICATIONS FOR
TREATMENT

In contrast to the dramatic ALT elevation seen in flares,
61 . . ,

Chu e a/*"" showed that a certain proportion of patients

only experience transient and mild elevation of serum

ALT levels prior to seroconversion. There are also other
data that suggest that the insidious but persistent dam-
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age caused by low level inflammation, manifest as ALT
levels 1-2 X ULN portends the worst prognosis and the
highest cumulative risk of developing complications of
cirthosis or HCC. These data were from a mixed cohort
of HBeAg positive (39%) and negative patients whose
median age at presentation was 38, however, the cumu-
lative risk was similar in both the HBeAg positive and
HBeAg negative patients[57]. Other data also show that a
positive association between ALT and liver related mor-
bidity begins at an ALT of > 20 IU/mL in women and
> 30 IU/mL in men',

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

: 60]
SCI’OCOI]VCI'SIOI'I[ ].

HBEAG TO HBEAB SEROCONVERSION

Various factors impact on the timing of HBeAg sero-
conversion, including age, genotype and age at acquisi-
tion of virus. In perinatally infected Asians, there is a
prolonged period of immune tolerance and low rate of
clearance of HBeAg until later life. Recent data from
Hong Kong show that in a cohort of 1400 Chinese pa-
tients, approximately 15% of 441 patients in the 46-55
yeats age bracket were still HBeAg positive, and 20% of
352 in the 36-45 years age bracket were HBeAg posi-

%I "The mean age of HBeAg seroconversion in 240
[61]

tive
Asian immune tolerant patients was 31.3 = 7 years
In the Mediterranean area, there are differences in the
age of seroconversion reported from centers in Italy
vs Greece. For example, in a long term follow-up study
of 70 Caucasian patients in Verona Italy, the mean age
at seroconversion was 30 years (range: 13-65 years)"".
However, numerous Greek studies have shown that se-
roconversion has occurred in almost 80% of patients by
the second decade of life”. Genotype also impacts on
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the timing of seroconversion. In a retrospective study of
273 Chinese patients (122 with genotype B and 147 with
genotype C), it was found that HBeAg seroconversion
in genotype B patients occurred approximately 1 decade
earlier than in genotype C patients[“]. Multivariate analy-
sis showed that high ALT (baseline and during follow-
up), age > 30 years and genotype B were independent
factors associated with spontaneous HBeAg seroconver-
sion'®, Genotype D is also known to have a later sero-
conversion while, in contrast, genotype A is associated
with eatlier seroconversion!”.

It is interesting to consider the potential impact of
better nutrition and living conditions (as well as viral co-
infection) on immune response. A Canadian study of
70 adopted Asian-born children who were recruited at a
mean age of 2 years, found that 75% had seroconverted
over the subsequent 13 years. The viral genotype was not
characterized in this study”’,

OUTCOMES OF HBEAG POSITIVE CHB

AND SEROCONVERSION

HBeAg to HBeAb seroconversion may be followed by
a prolonged and ideally lifelong transition to the inactive

carrier state with eventual HBsAg loss. However, reach-
ing this state of quiescence can take time, and following
seroconversion there may be reversion to HBeAg positiv-
ity. In 512 Chinese patients aged 1-75 years, followed over
3 years, 7.8% of patients showed reversion from HBeAg
negativity to an HBeAg positive state whilst 32.3% of
HBeAg positive patients cleared HBeAg over the course
of follow—up[”]. In terms of clinical outcomes, Chu e# a/"
showed that the rate of development of cirrhosis in a
group of 240 HBeAg positive patients followed up from
the immune tolerant phase through to HBeAb serocon-
version was 5%. The mean age at study entry was 27.6
t 6.2 years and the mean age at HBeAg seroconversion
was 31.3 £ 7 years. The annual incidence of cirthosis was
0.5% and the factors predictive of the development of
cirrhosis were age at HBeAg/HBeAb seroconversion and
relapse of hepatitis which was seen in 15% of patients
following HBeAg to HBeAb seroconversion.

Chen and Liaw” followed 483 patients from the
time of confirmed HBeAb seroconversion and found
that over a mean period of follow-up of 11.7 years,
HBeAg negative hepatitis developed in 34%, cirrhosis in
10% and HCC in 2.5%. However, the rates of HBeAg
negative hepatitis and cirrhosis were significantly higher
(at 67% and 43% respectively) in patients whose sero-
conversion occurred after age 40. The lowest risk was in
patients who seroconverted before the age of 30 (31%
risk of HBeAg negative hepatitis and 3.7% of cirrhosis).
Following seroconversion, the duration of remission,
prior to relapse with HBeAg negative CHB, was signifi-
cantly shorter in those whose seroconversion occurred
after the age of 40 compared to those with seroconver-
sion before age 30 years (6.2 years u5 9.5 years, P = 0.004).
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IMMUNE CONTROL PHASE

Loss of HBeAg, development of HBeAb, normaliza-
tion of ALT and reduction of HBV DNA levels to un-
detectable or very low levels signifies clinical remission
of CHB and entry into the phase of “immune control”
or the “inactive carrier state”. This phase of disease has
had varying titles, as well as definitions over time. The
ideal cut-off level of HBV DNA to define this state has
been contested over the last few years, decreasing from
100000 copies/mL to 30000 copies/mL"*** and further
still more recently. Most current guidelines use the level
of 2000 IU/ ml.PY although acknowledging that levels
up to 20000 TU/mI. may be seen™. The REVEAL-
HBYV study identified an increased risk for the develop-
ment of cirrhosis and HCC beginning at a threshold of
2000 1U/ mL"™", However several recent studies have
lent supportt to use of the threshold of 20000 IU/mL
in place of 2000 IU/mL to define the inactive carrier
state. Chen e# a/*”' looked at 62 patients with persistently
normal ALT over 10 years and found HBV DNA levels
were largely < 20000 IU/mL. Furthermore, a review of
6 studies of HBeAg negative patients with persistently
normal ALT found that significant histological liver
disease was rare in patients with persistently normal
ALT, based on strict criteria, even in patients with HBV
DNA up to 20000 TU/mL"™. It is important that a pa-
tient should be shown to have normal ALT levels and
2-3 HBV DNA levels in the appropriate range (ideally
< 2000 IU/mL) over the course of at least 1 year prior
to classification into this phase of disease, since HBeAg
negative CHB may run a fluctuating course. The prog-
nosis for patients in the inactive carrier state is good.
Although transition to HBeAg negative CHB can occur
in approximately one third of patients™ ", this risk de-
creases with time. Chu ez a/™ reported that the propor-
tional increase in risk of relapse was lower with longer
follow-up, e.g., the cumulative incidence of relapse was
10.2% at 5 years and 17.4% at 10 years (7.2% increase
from 6™ to 10" year of follow up). Relapse however was
seen in only 19.3% after 15 years, and 20.2% of patients
at 20 years (representing only a 1.9% and 0.9% increase
respectively for the 5 year blocks during the second de-
cade of follow-up). It was reported to be negligible after
20 years of follow-up.

HBEAG NEGATIVE CHB

The state of active liver disease associated with HBeAg
negativity due to the presence of mutations in the pre-
core and/or basal core promotor region of HBV!"
was first recognized in countries around the Mediter-
ranean basin. It has subsequently been recognized to
be globally prevalentm and is currently the main form
of CHB wortldwide™. Patients in the HBeAg negative
CHB phase are older and have higher rates of fibrosis
than HBeAg positive patientsml. A feature of this phase
is also the fluctuating nature of ALT abnormality. Tai
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et al’ showed that, in a group of 3673 HBeAg nega-
tive patients who began a 3 year followup period with
normal ALT, those with an increase of ALT to at least 2
times ULN (ULN defined as 36 IU/mL) had a higher in-
cidence of cirrhosis, HCC and mortality compared with
those who maintained persistently normal ALT. The im-
portance of HBV DNA concentration in this phase has
also been shown in the REVEAL-HBYV studies in which
85% of the cohort were HBeAg negative and in whom
the risk of cirrhosis and HCC were correlated strongly
with HBV DNA levels"*",

RESOLVED HEPATITIS B

In addition to the 4 phases outlined above, the EASL
2012 and AASLD 2009 guidelines also define the HB-
sAg negative phase, after HBsAg loss. In this phase low
level HBV replication may persist with HBV DNA detect-
able in the liver, although usually not in the serum. The
rates of HBsAg clearance was evaluated by Liaw e/ al”
in a large cohort of patients divided into 2 groups, 984
with “CHB” (69.3% HBeAg positive) and 1598 “chronic
HBYV carriers” (with normal ALT, 28% HBeAg posi-
tive). HBsAg loss was noted in 19/984 (1.9%) patients
with “CHB” and 35/1598 (2.2%) chronic HBV carriers
with normal ALT followed up for 4 £ 2.3 years and 2.7
+ 1.4 years respectively. This translates to an annual rate
of 0.5% in CHB patients and 0.8% in chronic carriers.
HBsAg clearance only occurred after HBeAg serocon-
version. The rate of HBsAg loss in this study is slightly
higher than a previous small Asian study of HBsAg
clearance in patients followed for at least 6 mo, in which
only 1 of 323 chronic carriers cleared HBsAgW. How-
ever, the rates are lower than in older Caucasian group
studies. Whilst loss of HBsAg is the closest endpoint
we have to a cure from HBV infection, it should be ap-
preciated that viral DNA can be archived within the host
genome in the form of covalently closed circular DNA
(cccDNA). The significance of resolved hepatitis B has
gained importance especially in the setting of immuno-
suppression due to the risk of HBV reactivation. Some
patients with HBsAg loss may still have detectable HBV
DNA in the serum (occult HBV) and these individuals
are particularly vulnerable to HBV reactivation following

chemotherapy for hematological malignancies and breast

cancer, and chemotherapy regimens that contain either

. . . 79,80
steroids or rituximab'”*".

NATURAL HISTORY OF
ADULT-ACQUIRED HEPATITIS B

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

CONCLUSION

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