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Abstract Hepatitis B virus (HBV) infection causes a tremendous clinical burden across the world with more than
half a million people dying annually from HBV related disease. Significant advances have been made in HBV
treatment in the past decade and several guidelines have been published by professional societies and expert
panels. Although these recommendations have been valuable to help optimize HBV treatment, there is discordance
in treatment criteria and many patients infected with HBV may fall outside of these recommendations. This paper
systematically reviews the natural history of the disease and compares and contrasts the recommendations for
initiation of treatment from the various societies. There is also discussion of special groups that require particular
consideration and some of the open research questions and future research directions within the field.
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Introduction

The human health burden of HBV infections is immense. By
some estimates, as many as one third of the world’s
population have serological evidence of past or present
HBV infection with 240 million people actively infected [1].
Persistent HBV infections can cause numerous sequelae of
chronic hepatitis B (CHB), including cirrhosis and hepato-
cellular carcinoma (HCC), with more than half a million
people dying annually from HBV related disease. A
disproportionate part of the burden falls to endemic areas in
Asia, the Pacific Islands, Sub-Saharan Africa, the Amazon
Basin and Eastern Europe where perinatal and early-life
exposure are common. It has been reported that in some of
these regions the lifetime risk of infection ranges from 60% to
80%. In low prevalence areas of the world, transmission is
primary through sexual contact and intravenous drug use [2–
7].

Natural history of HBV infection

The clinical course of HBV infection is variable depending on
mode of infection, viral load, genotype, mutations and host

factors. Only 1%–5% of those infected with HBV as adults
will become chronic carriers, while up to 95% of infected
neonates will become chronic carriers [8]. It has been
estimated that 15%–25% of chronically infected individuals
will ultimately die from liver-related causes [2]. As expected,
progression to cirrhosis and HCC are directly related to the
extent of liver disease.

Phases of chronic HBV infection

As summarized in Table 1, HBV infection has been
traditionally divided into different phases based on clinical
presentation [2,4,9,10]. The immune tolerant phase is
typically seen with perinatal or early childhood transmission
and is characterized by high levels of HBV DNA without
biochemical evidence of hepatitis. HBV is not a cytopathic
virus and during this phase there will be minimal, if any,
inflammation and tissue destruction. This phase continues for
decades, into adulthood, and treatment would not be indicated
without signs of liver damage, significant co-morbidities or
complex family history [2,3,10].

The immune clearance phase (also known as the immune
active phase) is characterized by a reduction in HBV DNA
levels, but increased biochemical evidence of disease. The
reason for the change from immune tolerance to clearance is
not clear. ALT will rise and hepatic histologic activity will
also increase as the host immune system attacks infected
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hepatocytes. Hepatitis B e antigen (HBeAg) is positive at the
beginning of this phase and by the end there is seroconversion
to anti-HBe. Immune clearance phase is also the initial stage
of infection in patients who acquire HBV in adulthood. As
mentioned above, less than 5% of adults acutely infected will
go on to develop a chronic infection [2,3,10].

In the inactive carrier phase, there is a marked reduction in
both HBV DNA and biochemical markers of inflammation.
Without active liver damage, this state usually indicates a
favorable long-term outcome. Nonetheless, these patients
remain at increased risk over the general population to
develop cirrhosis and HCC. Patients may progress from this
phase to reactivation or resolution and will require life-long
surveillance [2,3,10].

The reactivation phase is characterized by the presence of
HBV pre-C (PC) and/or basal core promoter (BCP)
mutations, increasing HBV levels and necroinflammatory
response. This phase may progress to cirrhosis with increased
risk of HCC, or patients may return to the inactive carrier
phase. A small minority of patients will go on to a complete
virological response and clear all detectable HBsAg in the
fifth phase known as resolution. Interestingly, patients who
achieve HBsAg seroclearance may still be harboring
transcriptionally silent and immunologically hidden cova-
lently closed circular DNA (cccDNA) [11]. These patients
often have a benign subsequent clinical course. However, in
the setting of immune suppression or other insult, they may
suffer reactivation of the HBV virus [12]. Although desirable,
this phase cannot be truly thought of as a “cure.”

HBV genotypes and variants

Related to the complexities described in the natural course of
the illness are the various combinations of HBV genotypes
and mutations. The HBV is a double-stranded DNAvirus that
has been classified into at-least ten genotypes [13]. The
different genotypes often emerge from geographically diverse
parts of the world though with population migration and the
ease of global travel there are no discrete boarders. In general,
genotype A can be found in Sub-Saharan and Western Africa
as well as Northern Europe. HBV genotypes B and C are
prevalent in East and South-East Asia, the Pacific Islands and
Pakistan. Genotype D is more likely to be found in the Africa,
Europe, the Mediterranean and India. Genotype E is localized
to Western Africa and genotype F is found in Central and

South America. Genotype G can be found in France,
Germany and the United States; H in Central America; I in
Vietnam and Laos and J in Ryukyu, Japan [13]. Although
knowing a patient’s genotype is academically interesting, the
data in the literature are not strong enough to support different
treatment algorithms based on genetic variation.

In addition to the genotype variations, there is the
possibility of HBV pre-core (PC) and basal core promoter
(BCP) mutations, which may also have pathogenic and
prognostic implications. The PC region of the HBV genome
is necessary for production of HBeAg. The most common
mutation, G1896A, creates a premature stop codon and is
more frequently found in genotypes B, C, D. In 2003, one
large scale study in the United States found that the PC can be
found in genotypes A, B, C, D at rates of 3%, 46%, 24% and
73% respectively [14]. The HBV core gene also overlaps the
polymerase gene, and mutations have been linked to
alterations in surface proteins which can affect host immune
responses. The BCP region is upstream of the PC, and the
mutations A1762T and G1764A in this region can lead to
downregulation of PC mRNA. The clinical significance of
this variant is not fully understood, but it has been shown to
be associated with decreased serum HBeAg level, more
severe liver injury, and development of hepatocellular
carcinoma [15–17].

Current treatment guidelines

The association between HBV viral replication with inflam-
mation and progression to cirrhosis and HCC has been well
demonstrated in the REVEAL study [18,19]. Significant
advances have been made in HBV treatment in the past
decade and both pegylated-interferon (PEG-IFN) and
nucleot(s)ide analogues (NAs) are effective and widely used
for HBV treatment [20–23]. Long-term studies have also
demonstrated that some of NAs, such as entecavir and
tenofavir, can even reverse HBV cirrhosis [23–25]. As
summarized in Table 2, several guidelines or algorithms have
been published by professional societies and expert panels to
provide help in determining who and how patients with CHB
should be treated [6,13,26–28]. Although there is some
discordance among these guidelines, there are some general
principles that are universally accepted. First, every encounter
should begin with a thorough history to identify high risk

Table 1 Phases of chronic hepatitis B virus infection

Phase HBV-DNA ALT HBeAg HBsAg

Immune tolerant High Normal Present Present

Immune clearance Variable High Present (early) Absent (late) Present

Inactive carrier Low Normal Absent Present

Reactivation Variable Variable Absent Present

Resolution None Normal Absent Absent
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individuals (e.g., those from areas of high prevalence,
injection drug users and inmates of correctional facilities)
and risk factors that may accelerate the natural course of the
infection or complicate treatment options (e.g., HIV co-
infection, family history of HCC and those requiring
immunosuppressive therapy). Laboratory tests for liver
function and extent of viral replication are necessary, as is
evaluation for other possible sources of liver injury. Those not
yet immune to hepatitis A virus should be vaccinated and
there needs to be consideration of hepatocellular carcinoma
screening. In cases where the patient does not meet criteria for
HBV treatment, but there a high index of suspicion, liver
biopsy is appropriate to gauge extent of the disease process. If
treatment is indicated, then there are limited options available
including the first-line agents tenofovir, entecavir and PEG-
IFN. Other approved, but less favored agents are lamivudine,
adefovir, and telbivudine. The major goal of treatment is to
effectively suppress HBV DNA replication and to prevent
sequelae of CHB like cirrhosis and HCC.

Recommendations by American Association for the Study
of Liver Diseases (AASLD)

The AASLD practice guidelines were updated most recently
in 2009 [27]. At that time, tenofovir had just been approved
for use in the United States and new data were emerging on
the natural history of CHB. The guidelines are extremely
thorough and cover all aspects of chronic hepatitis B from
screening, to treatment, to surveillance with data driven
recommendations. A question of much debate is the
appropriate HBV DNA threshold beyond which treatment
is indicated. During a 2000 conference at the National
Institutes of Health in the United States, a HBV DNAvalue of
20 000 IU/ml was established [29]. However, surveillance
and individualized treatments are necessary because severe
disease has been found in patients with lower HBV DNA
levels and significant liver disease may be absent in those
with higher HBV DNA levels [30]. For HBeAg-positive
patients, treatment is recommended for those with HBV
DNA > 20 000 IU/ml and ALT ≥ 2 � ULN after they have
been observed for 3–6 months and HBeAg seroconversion

has not occurred. If ALT < 2 � ULN, then treatment would
only be indicated if liver biopsy showed moderate/severe
inflammation or significant fibrosis. For HBeAg-negative
patients, treatment is indicated if HBV DNA ≥ 20 000
IU/ml and ALT ≥ 2 � ULN. However, if HBV DNA is
only greater than 2000 IU/ml and ALT is 1–2 � ULN, then
treatment may be indicated only if liver biopsy confirmed
active liver injury or advanced fibrosis. If ALT ≤ 1 � ULN,
then treatment would not be indicated. In the presence of
cirrhosis, treatment is indicated if HBV DNA > 2000 IU/ml
and would not be indicated if levels are not detectable. The
general principle used to create these guidelines is that
treatment is indicated if there is a high likelihood of liver-
related morbidity and mortality in the foreseeable future (less
than 20 years) and the patient is likely to respond to treatment
[27]. There are many patients who fall outside the guidelines
and in each case a patient-specific treatment plan is necessary.

Recommendations by Dr. Keefe’s expert panel

This comprehensive review and recommendations were most
recently updated in 2008 [28]. As above, they recommend
treating HBeAg-positive patients with a higher HBV DNA
threshold of 20 000 IU/ml, but HBeAg-negative patients are
treated at 2000 IU/ml if ALT is elevated. The stated rationale
is that HBeAg-negative patients can have lower levels of
serum HBV DNA with active disease. Despite these
recommendations, the panel expresses that the decision to
initiate treatment should be individualized and the first line
agents entecavir, tenofovir and PEG-IFN are preferred. If
resistance develops, then continue treatment with that agent
and add a second agent from another class [28]. HCC
screening is one of the many topics highlighted and the
authors suggest that HBV-positive at-risk patients should be
tested for AFP and receive a liver ultrasound at 6 month
intervals. At-risk groups for HCC include: Asian men older
than 40 years, Asian woman older than 50 years, Asians
infected at birth who are older than 30 years, Africans older
than 20 years, those with cirrhosis, anyone with a family
history of HCC, and anyone with persistent or intermittently
elevated ALT or high level of HBV DNA.

Table 2 Comparison of society and expert panel guidelines for initiation of treatment

Guideline
HBeAg+ HBeAg –

HBV DNA (IU/ml) ALT (U/L) HBV DNA (IU/ml) ALT (U/L)

AASLD 2009 [27] >20 000 >2� ULN or
(+) biopsy

>20 000 or
>2000

≥2� ULN or
(+) biopsy

US Expert Panel 2008 [28] ≥20 000 >ULN or
(+) biopsy

≥2000 >ULN or
(+) biopsy

Asian-American Panel 2011 [26] >2000 >ULN >2000 >ULN

EASL 2012 [6] >2000 >ULN >2000 >ULN

APASL 2012 [13] ≥20 000 >2�ULN ≥2000 >2�ULN
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Recommendations by Tong’s expert panel for Asian
American Patients with CHB

Tong and his colleagues have added an additional perspective
to guidelines from the United States specifically as they apply
to Asian-American patients with CHB [26]. According to
their interpretation of the data, patients can be monitored if
they are in the immune tolerant phase, inactive carriers or
have cirrhosis with undetectable HBV DNA. Other recom-
mendations include treating those with HBV DNA > 2000
IU/ml, regardless of HBeAg status, provided ALT > ULN or
there is histologic evidence of necroinflammation. Treatment
is also indicated for those with cirrhosis and detectable HBV
DNA. CHB should be treated in decompensated cirrhosis
regardless of HBV DNA or ALT levels. There is however, an
additional group in the “gray zone” which requires further
evaluation. These patients do not fall into one of the groups
above and have refused, or were otherwise unable to have a
liver biopsy to identify evidence of necroinflammation. In this
group, the authors propose a risk impact score that assigns 1
point if Age ≥ 40 years, male, ALT > 30 U/L for men or
ALT > 19 U/L for women; 2 points for presence of BCP
mutation; or 3 points if there is a history of HCC in a
first degree relative, albumin ≤ 3.5 g/dl or platelets ≤
130 000/mm3. If the score is 3 or greater and HBV >
2000 IU/ml then treatment is recommended [26]. Those
variables were chosen because they have been identified as
independent risk factors for the progression of disease
[16,31–36].

Recommendations by European Association for the Study
of Liver (EASL)

The European Association for the Study of the Liver updated
their guidelines in 2012 [6]. These clinical practice guidelines
reflect the increased knowledge that had been collected since
their previous recommendations in 2009. They highlight the
fact that population migration brings the disease burden and
consumption of healthcare resources to regions once thought
of as low-endemic. According to these guidelines, the pre-
therapeutic assessment of liver disease must include liver
function tests, blood counts, prothrombin time, liver ultra-
sound, HBV DNA level measurements and evaluation of
other possible causes of liver disease. They give a strong
recommendation to perform a liver biopsy at this stage to
evaluate the degree of necroinflammation. However, the non-
invasive transient elastography may also have a role [6].

When considering indications for treatment, like Tong’s
group, they do not distinguish between the presence and
absence of HBeAg. The factors that are important include
serum HBV DNA levels, serum ALT levels and severity of
liver disease. The EASL uses the same threshold for HBV
DNA and ALT as Tong. They give the strongest recommen-
dation to treat those with HBV DNA > 2000 IU/ml, ALT >
ULN and signs of moderate to severe active necroinflamma-

tion or fibrosis (by biopsy or other validated non-invasive
technique). If, however, ALT is normal, then treatment can
still be initiated after taking into account age, health status,
family history and extrahepatic manifestations of illness.
They also recommend consideration of biopsy and treatment
in those who appear to be in the immune tolerant phase, but
are older than 30 and those with compensated cirrhosis and
detectable HBV DNA. The highest recommendation is also
given to tenofovir, entecavir or PEG-IFN as first line agents.

Recommendations by Asian-Pacific Association for the
Study of the Liver (APASL)

The fifth version of the APASL consensus statement guide-
lines was also updated in 2012 [13]. Viral infections are
endemic in this region of the world with most infections
acquired perinatally or in early childhood [37]. The majority
of patients will become chronically infected and those who
are HBeAg-negative while remaining surface antigen-posi-
tive are less likely to develop a complete virological response.
They may become inactive carriers but remain at risk for
reactivation and develop cirrhosis and HCC. Therefore, this
society highlights studies identifying a lower HBV DNA,
> 2000 IU/ml, associated with hepatic inflammation, ALT
> 2 � ULN, as a threshold for treatment [9,38–42].

The guidelines also advocate for the use of quantitative
HBsAg as a prognostic indicator to augment currently
available tests. For example, an HBsAg level <
200 IU/ml is predictive of seroclearance in 3 years [43,44].
Treatment is not indicated if HBsAg is negative or if ALT is
persistently normal (defined as ALT < 2 � ULN) in the
absence of cirrhosis. If cirrhosis is present and HBV
DNA > 2000 IU/ml, then treatment is indicated regardless
of ALT. If HBeAg is negative and HBV DNA > 2000 IU/ml
with ALT > 2 � ULN, then treatment is indicated. If,
however, HBeAg is positive then there is a higher threshold
for treatment which is HBV DNA > 20 000 IU/ml with
ALT > 2 � ULN. During treatment with NAs, if HBeAg
seroconversion occurs and HBV DNA is undetectable, then
they recommend that treatment can be stopped after at least
12 months of consolidation therapy.

Differences among these guidelines and
challenges

Although each set of guidelines was developed by an expert
panel and their interpretation of the relative strength and
weaknesses of available date, there remain some differences
of opinion. For example, each of the guidelines depends on
ALTand its ULN. The societies use the following ALT values
which are based on the different populations they treat: the
APASL, EASL and AASLD use 40, 31 and 30 U/L for men,
and 40, 19 and 19 U/L for women, respectively [6,13,27,45].
Thus, a patient with high viral load and “normal” ALT may
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actually be in the immune clearance phase instead of the
immune tolerant phase, depending on that individual’s
baseline.

The AASLD guidelines emphasize that the HBV DNA
threshold for treatment is arbitrary to a certain degree and
recommend treating patients if levels are greater than 20 000
IU/ml in the presence of ALT ≥ 2 � ULN. The exception is
for those who are HBeAg-negative, but have a liver biopsy
showing inflammation or fibrosis; they can be treated for
HBV DNA ≥ 2000 IU/ml. However, the authors highlight
the important fact that HBV levels can be quite variable from
individual to individual and within a single patient. Often a
liver biopsy is helpful, but serial monitoring is necessary to
establish the disease burden. The European guidelines, on the
other hand, do not base their recommendations on HBeAg
status, but do use ALT as a marker for disease severity.
Importantly, other laboratory based techniques are starting to
be recognized as useful in determining disease burden. For
example, the APASL highlights quantitative HBsAg as a
biomarker to predict treatment response and durability while
it is not yet approved in the United States.

Tong and colleagues have published a retrospective
analysis of how patients seen in their clinic would have
been affected by adherence only to society guidelines [45].
What they found from their most recent analysis of the
guidelines is that up to 30% of patients who died from non-
HCC liver conditions and up to 53% of those who developed
HCC would have been excluded from antiviral therapy with
strict adherence to treatment guidelines. If, however, addi-
tional criteria were used to determine eligibility for treatment,
then 98.5%–100% of the patients would have received
therapy. Through their analysis, they identified the most
significant criteria to be albumin ≤ 3.5 g/dl, platelets ≤
130 000 /mm3, and HBV BCP mutations [43]. It should be
noted that the population studied may not be representative of
that in other parts of the world and the extended testing may
not be universally cost-effective. However, this report does
challenge the limited inclusion criteria for treatment recom-
mended in the guidelines. This report also serves as the
foundation for the impact score described above.

The APASL guidelines provide criteria for discontinuation
of NA treatment in HBeAg-negative patients who have
undetectable levels of HBV DNA. A recent observational
study challenged the off-therapy durability of entecavir
therapy by stopping treatment after APASL criteria were
met [46]. The authors found that with adherence to guide-
lines, 45% of patients experienced virological relapse within a
year, though there was no significant benefit to relapse
reduction with continued treatment beyond the APASL
recommendation. The authors interpret their data to support
the recommendation for stopping treatment because there was
little benefit in reducing relapse with prolonged treatment.
However, conventional wisdom suggests that the study
supports the argument that a finite duration of NA treatment
is not practical because patients experiencing a virological

relapse will need continued treatment [46,47].
Finally, Keeffe’s recommendations clearly state general

principles while emphasizing that treatment will always need
to be individualized. To a certain degree, the treatment of
hepatitis B is still an art in addition to a science. Clearly,
treatment guidelines are a useful way to consolidate the
experience of leaders in the field, but no two patients are alike
and treatment as well as clinical outcomes will continue to
depend on the patient and practitioner.

HBV management in special subgroups

The recommendations above are intended for patients without
significant complications or co-morbidities. The approach to
special groups and patients with specific risk factors is
discussed below. Please note, that the population of pregnant
patients has been omitted from this article because this topic
has been discussed in great detail elsewhere in this issue. The
discussion below represents a consensus between the
societies when available.

Acute hepatitis B

As mentioned above, the vast majority of adults acutely
infected with HBV will clear the infection spontaneously.
These patients develop anti-HBs without antiviral therapy and
effectively become immune. In the primary infection, the
patient may experience non-specific prodromal symptoms
including anorexia, joint and muscle pain, generalized fatigue
or fever. After an incubation period of 4 to 10 weeks, HBsAg
is detectable as well as anti-HBc IgM in most patients. Liver
function tests will become elevated depending on the nature
of the inflammatory response to viral producing hepatocytes.
There is no significant body of literature to suggest a benefit
to antiviral treatment at this stage. Conceptually, treatment at
this stage may hinder immune clearance of the infection
because a robust immune response requires sufficient
antigenic exposure. Therefore, patients that have been acutely
infected with HBV, without signs of liver failure, only require
supportive care.

HBV-related liver failure

There are, however, situations when an acute HBV infection
can progress to acute liver failure (ALF) or acute-on- chronic
liver failure (ACLF). It is not clear why some patients are
predisposed to this outcome, but there is general consensus
that treatment with NAs is indicated in these patients. In a
small case series published in 2006, 17 patients with acute
HBV and signs of liver failure were treated with lamivudine.
Compared to historic controls, there was a significant
improvement with treatment [48]. It may be difficult to
distinguish between acute HBV and reactivation of chronic
HBV disease in patients with fulminant or severe hepatitis.
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However, regardless of the underling mechanisms, HBV
treatment is indicated and it is also important to start making
arrangements for liver transplant evaluation [3,6,48,49]. In
the setting of ALF or ACLF clinical experience supports the
use of NAs and it is not practical or necessary to develop a
randomized controlled study.

HBV cirrhosis

The prognosis for cirrhotic patients depends largely on the
degree of decompensation. For those with compensated
cirrhosis, there have been several studies documenting
clinical improvement and even reversal of fibrosis with
treatment [23,24,50,51]. For example, in a multicenter,
prospective, randomized, double-blind, placebo-controlled
trial of 651 patients with HBV cirrhosis, treatment with
lamivudine approximately halved the rate of hepatic decom-
pensation as well as development of HCC. The results would
likely have been even more pronounced if patients had not
developed resistance to lamivudine [51]. Another trial of 324
patients treated with adefovir concluded that treatment could
lead to improved MELD scores and possibly avoid liver
transplant [50]. A more recent study looked at liver biopsy in
patients who had received entecavir therapy. Their data
showed that treatment not only suppressed HBV DNA and
normalized ALT, but it also led to improvement in liver
histology with accompanying regression of fibrosis [24].

For those who are Child B or C, IFN is contraindicated
because it can expedite hepatic failure or lead to complica-
tions related to severe bacterial infection [52]. The guidelines
that discuss patients with decompensated cirrhosis [6,13,28]
all agree that there should be immediate treatment with NAs
regardless of the viral load because they have potential for
significant clinical improvement. There are limited studies
focused on the treatment of decompensated HBV cirrhosis,
but the studies available have all shown dramatic improve-
ment with treatment [50,53–55]. For example, in a trial of 70
patients with decompensated cirrhosis treated with entecavir
for a year, nearly 50% had improvement in their Child score
by more than 2 points, and 90% had undetectable HBV DNA
[55]. Although long-term studies are lacking, there is no
reason to withhold treatment in those with decompensated
HBV cirrhosis.

HBV infection undergoing immune suppressive treatment

As mentioned above, HBV-related end-stage liver disease
may necessitate liver transplantation. However, HBV infec-
tion of the graft had been known to be a major problem before
heaptitis B immunoglobulin (HBIg) and NAs became
available. Different combinations of NAs with and without
HBIg have been used to minimize viral load and risk of
infection in the transplanted organ [56,57]. Although a single
regimen is not universally accepted, HBV treatment in this
special group will always be indicated to optimize post-

transplantation outcomes [57].
In other situations, patients may become immune sup-

pressed as a result of chemotherapy or in the treatment of
inflammatory disorders. Prior to immunosuppression these
patients require screening for HBV and vaccination if
possible. In cases of current or previous infection (including
those with occult HBV infection, isolated anti-HBc, or
positive anti-HBs), pre-emptive treatment with NAs and
close monitoring is recommended. There have been numer-
ous reports of HBV reactivation after treatment with
biological therapy like anti-TNF, anti-CD20 and anti-CD52
[58–63]. For example, a recent meta-analysis looking at the
use of anti-TNF agents or disease-modifying antirheumatic
drugs in patients being treated for diseases like rheumatoid
arthritis, ankylosing spondylitis and psoriatic arthritis, found
that 12% experienced some degree of HBV reactivation [63].
Moreover, studies in patients undergoing chemotherapy have
shown that prophylactic HBV treatment a week before
chemotherapy and for at least 24 weeks following can
significantly improve survival along with the frequency and
severity of flares [64–68]. For example, in a prospective
randomized trial of 42 breast cancer patients who were also
positive for HBsAg, half the patients were given lamivudine
in addition to standard chemotherapy. None of the patients
receiving prophylaxis developed HBV reactivation, while
28.6% of those without prophylaxis experienced reactivation
[68].

HBV with HCV, HDV or HIV co-infection

As might be expected, patients with concurrent HCV, HDV,
or HIV infections tend to have worse outcomes and
complications related to cirrhosis, HCC, and mortality [69–
71]. The criteria for HBV treatment in those with concomitant
infections are the same as those with monoinfection. When
considering treatment in HBV-HIV co-infected patients, it is
important to avoid agents used to treat HBV which could lead
to HIV resistance and vice-versa. For example, lamivudine,
entecavir and tenofovir have activity against both HIV and
HBVand are contraindicated as monotherapy for HBV in co-
infected patients. If CD4+ count > 500/ml and anti-HIV
treatment is not needed, then agents like PEG-IFN, adefovir
and telbivudine should be used because they are not active
against HIV and will not lead to HIV-resistance [72]. If
treatment for HIV is also indicated, then agents effective
against both viruses like tenofovir and lamivudine (or
emtricitabine) should be used in conjunction with a third
anti-retroviral agent [72]. In the setting of a low CD4 count
and active liver disease, HBV should be treated first to avoid a
hepatitis flare from immune reconstitution syndrome.

For HCV co-infected patients, both virus are capable of
replicating in the same hepatocyte accelerating the disease
course [73,74]. In this scenario, HCV is usually more
immunogenic pathogen and treatment is primarily focused
on inducing a sustained virological response to HCV with
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continued HBV surveillance [75,76]. HDV co-infection or
superinfection often leads to a more fulminant course and
IFN-based treatment is the only effective treatment choice
[69].

HBV infection in pediatric patients

Initiating a potentially life long medication in our youngest
patients should be evaluated cautiously. Most children have
an asymptomatic course and the risk of side-effects as well as
resistance increases with each year of treatment. Children in
the immune tolerant phase or who are inactive carriers do not
require treatment. For those in the immune clearance phase or
the reactivation phase, there is insufficient data to make a firm
recommendation. Liver histology and family history can help
drive treatment decisions. Treatment would be indicated in
situations of cirrhosis, severe necroinflammation, co-infection
with HDV, rapid deterioration of liver function or those who
are immune suppressed [13,77]. A 2010 report by pediatric
hepatology specialists concluded that if HBV treatment is
needed, lamivudine may be used as early as 3 years of age,
adefovir at 12 years of age and entecavir at 16 years of age.
IFN is approved at 12 months [77]. Tenofovir was recently
studied in a double-blind, placebo-controlled trial, and it was
effective in adolescents 12 to 18 years of age [78].

Future directions for research

As discussed above, although the published guidelines are
valuable in guiding CHB management, there are also
tremendous unmet needs to further optimize our practice.
These may include, but not be limited to the following fields.

Treatment indications

Despite the tremendous advances in this field, there are many
open avenues for research to optimize current recommenda-
tions for HBV treatment and to discover solutions to the many
unanswered questions. One common issue is what we should
do for the patients that fall outside the treatment recommen-
dations. Evans and colleagues were concerned for those at
significant risk for liver-related death, but who did not have a
clear indication for HBV treatment [79]. They calculate that
the estimated cumulative 10-year mortality in their patient
population outside the treatment recommendations ranges
from 0.3%–20% in Asians and 0.3%–4% in Caucasians,
depending on age. Stated differently, up to one in five Asians
infected with HBV, in the 6th decade of life, will fall outside
treatment guidelines, but nonetheless die within 10 years from
liver-related disease [79]. Unfortunately, these patients have
lower HBV-DNA levels and may be less likely to respond
with the NAs currently available.

Currently, there is no universally accepted biomarker, or
disease model that can reliably identify HBV patients at

increased risk for cirrhosis and HCC. Tong’s impact score is a
helpful advancement and includes additional risk factors that
provides us with a novel model for identifying those at
increased risk and for whom HBV treatment is likely to
reduce HBV-related morbidity and mortality [26]. As the field
advances, indications for HBV treatment will rely more on
prospective outcomes, biomarkers, and biomodel studies.
This will more effectively identify risk factors for HBV
disease progression and those most likely to benefit from
therapy.

Predicting treatment outcomes and treatment end point

Surprisingly, there remains a great deal of uncertainty in
predicting the course of CHB with and without treatment. The
clinical course of HBV is often life long and it is not practical
to design prospective trials to measure hard outcomes related
to morbidity and mortality from the time of initial infection.
There is great interest in identifying surrogate markers that
can reliably predict optimal outcomes [80–99]. It is important
to remember that HBV DNA measures the extent of viral
replication, which is different from measuring current or
predicting future liver pathology. The virus itself is not
cytopathic; it is the host immune response responding to viral
antigens that causes the pathology associated with HBV
infection. Quantifying HBsAg, for example, can provide
information to compliment the HBV DNA levels. Several
groups have studied both HBV DNA and HBsAg levels, as
well as their ratio at the various stages of infection. For
example during the inactive carrier phase, HBsAg levels are
the lowest, but the ratio of HBsAg to HBV DNA is the
highest when compared to the other phases [81–83]. This
added information will lead to enhanced understanding of the
natural history of the disease.

Quantitative HBsAg is not approved for clinical use in the
United States, but it has applications in other countries.
Although the data are currently not strong enough to use this
as a routine test in screening or surveillance, there is potential
to accurately identify patients who would benefit from
treatment before they have significant signs of liver damage
or meet guideline criteria. Other potential benefits include
identifying those undergoing treatment who are likely to have
a durable response and when it may be safe to stop HBV
treatment [84–92]. For example, a multivariate logistic
regression has identified lower HBsAg levels as an
independent variable in predicting subsequent HBsAg loss
following discontinuation of adefovir [93]. Similarly, studies
exploring the relationship between HBeAg levels and
treatment response have suggested that quantitative HBeAg
has potential to become an early marker for predicting
treatment response [94–99]. A 2010 study by Zhang and
colleagues identified that quantification of HBeAg had a
higher predictive value than HBV DNA levels for HBeAg
seroconversion. Additionally, they showed that on-treatment
HBeAg level was the most significant independent predictor
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of a complete virological response at week 96 after treatment
with entecavir [100]. The hope is that by integrating a deeper
understanding of this particular feature of the HBV viral life
cycle with our existing foundation of knowledge, we will be
able to refine treatment algorithms and more easily identify
those who respond to treatment appropriately, those who may
benefit from a different treatment modality and those who no
longer require treatment.

Novel HBV therapeutics

Perhaps one of the most exciting areas of research is related to
development of new therapeutics. The currently available
treatments only suppress, but do not eradicate HBV infection.
One of the novel treatment approaches is related to targeting
cccDNA which can be present even when viral DNA is
undetectable by conventional assays. The cccDNA carries the
code with potential for a HBV flare, yet it is able to evade the
host immune system. Cai and colleagues have recently
published the results of a high throughput screen which
identified disubstituted sulfonamide compounds that can
inhibit cccDNA formation [101]. Palumbo and colleagues are
using an epigenetic approach with small molecules that affect
cccDNA bound chromatin modifying enzymes [102].
Another approach could be to take advantage of the
physiological stress induced by HBV replication in hepato-
cytes. In a recent review, Block and colleagues highlight their
work to identify agents that potentiate ER stress which can
trigger apoptosis in HBV infected cells. Although the virus
itself is not cytopathic, potentiating the stress it causes would
lead to destruction of the infected cell [103].

Another clever approach involves blocking HBVentry into
hepatocytes. Volz and colleagues [104] hypothesize that CHB
infection depends on a dynamic turnover of infected
hepatocytes that are cleared by the immune system and
cells that become newly infected. They have shown that a
synthetic lipopeptide derived from the HBVenvelope protein
is able to prevent naïve cells from becoming newly infected in
humanized mice. The goal would be to use this entry
inhibitory with approved HBV drugs as a cure for infection
[104].

Reprogramming the adaptive or innate immune system
would be another approach to completely eliminate the virus
by destroying all infected cells. The topic of therapeutic
vaccines to treat CHB has been comprehensively discussed
[105]. This approach can be as simple as administering
HBsAg with adjuvant [106] to sophisticated DNA-based
vaccines coding for immunogenic HBV proteins [107]. In a
similar vein, antigen presenting cells can be pulsed with HBV
antigen ex-vivo and reintroduced to stimulate antigen-specific
T cells [108] or gene therapy can be used to transfer the code
for antigen specific receptors [109]. To stimulate the innate
immune system Lanford and colleagues took advantage of the
toll-like receptor 7 which is a pathogen recognition receptor
that is activated by viral single-stranded RNA. By adminis-

tering an oral agonist that activates the receptor pathway on
plasmacytoid dendritic cell and B lymphocytes, they were
able to induce clearance of HBV-infected cells in chimpan-
zees [110]. Without complete eradication of cccDNA and the
cells harboring the genetic code it is impossible to state
definitively that a patient has been “cured.”

Conclusions

Recently, there have been tremendous advances in our
understanding of HBV and the way we treat it. We now
have some excellent, evidence-based treatment guidelines
that are used to significantly improve the morbidity and
mortality associated with the disease. However, there are
numerous unanswered questions related to how we can
identify all those in need of treatment and which modality is
likely to be the most effective. With this disease and its
tremendous clinical burden, future advances will no doubt
have a global impact on improving the quality of healthcare
we can offer our patients.

Glossary of terms

Chronic hepatitis B – Persistent infection with HBV that leads to
necroinflammatory disease of the liver. This includes both HBeAg

positive and negative carriers.
Complete virological response – Undetectable serum HBV DNA

associated with clearance of both HBeAg and HBsAg. Note, this
represents an infection which has been resolved, but has not fully
been cured.

Core mutation – A distinct basal core mutation, most commonly
A1762T and G1764A, that leads to reduced mRNA and subsequent

HBeAg production. This is also associated with HBeAg-negative
chronic hepatitis B.
HBeAg seroconversion – Loss of detectable HBeAg associated

with detection of anti-HBe. This is often associated with a decreased
in HBV DNA.

Hepatitis flare – Acute onset of serum ALT greater than 5–10 times
the upper limit of normal in a patient with known chronic HBV
infection.

Immune clearance – Phase of infection characterized by HBeAg
positivity, low serum HBV DNA and moderate to severe necroin-
flammation and increased progression to fibrosis. HBeAg is lost at

the end of this phase.
Immune tolerant – Phase of infection characterized by HBeAg

positivity, high serum HBV DNA and minimal signs of necroin-
flammation or fibrosis.
Inactive carrier – Phase of infection characterized minimal HBV

replication and normal to minimally elevated transaminases and
reduced progression to fibrosis.
Occult hepatitis B – The presence of HBV DNAwithout circulating
HBsAg.
Precore mutation – HBV viral mutation, most commonly G1896A,
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which results in diminished production of HBeAg and is often

associated with reactivation.
Reactivation – Phase of infection characterized by anti-HBe and
intermittently or persistently elevated transaminases in a patient who

had previously been inactive or in complete virological response.
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