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An estimated 260 million persons in the world today are chroni-
cally infected with HBV.1The majority of these individuals will 
not experience complications, but 15% to 40% will have seri-
ous sequelae such as cirrhosis or HCC, and many will die pre-
maturely.2,3 It is estimated that chronic HBV infection results in 
over 887,000 deaths per year globally.1 The number of HBV-
related deaths due to cirrhosis and liver cancer has increased by 
33% from 1990 to 2013.4 In the USA, the rate of ALF attrib-
utable to hepatitis B has been declining, as has the number of 
cases listed for LT for chronic liver failure.5 This decline is most 
likely due to broader vaccination and use of antiviral therapy. 
Unfortunately, these favorable trends are counterbalanced by a 
continuing increase in new cases of chronic hepatitis B and HCC 
in the Western world, mainly due to immigration from high 
endemic regions.5,6

Effective vaccines against HBV have been available since the 
early 1980s, but perinatal and early life exposures continue to 
be major sources of infection in much of the developing world 
because of limited resources that preclude a policy of univer-
sal vaccination for newborns. From a global perspective, wide-
spread implementation of early-life vaccination programs in 
high- and intermediate-risk countries will ultimately have the 
greatest impact on liver disease-related mortality in future 
generations. Promiscuous sexual contact and injection drug 
use account for most new cases of hepatitis B in adults in low-
prevalence areas such as the USA and Western Europe. Even 
in these areas, however, a further reduction in the incidence of 
acute infections will remain a challenge in the future because 
persons in these risk groups greatly underutilize vaccination. 
The WHO has implemented a strategy to eliminate hepatitis B 
and C infection globally through increased vaccination, screen-
ing, and treatment.7

EpidEmiology

geographic distribution and Sources of infection
The prevalence of HBV infection varies markedly around 
the world. In highly endemic regions such as Southeast Asia 
(excluding Japan), China, and much of Africa, 6% or more of 
the population are chronic HBV carriers, and the lifetime risk 
of infection ranges from 60% to 80%.8 In these high-risk areas, 
perinatal transmission and horizontal spread among children 
are the major means of transmission. Approximately 60% of 
the world’spopulation resides where HBV is highly endemic.9 
Regions of intermediate risk include parts of southern and 
Eastern Europe, the Middle East, Japan, the Indian subconti-
nent, much of the former Soviet Union, and northern Africa. 
In these areas, the lifetime risk of infection is between 20% and 
60%. Horizontal transmission occurs among a broad age range, 
but neonatal exposure is also presumed to be common. Areas of 
low prevalence include North America, Western Europe, cer-
tain parts of South America, and Australia, where the lifetime 
risk of HBV infection is less than 20% and transmission is pri-
marily horizontal between young adults. Sexual transmission is 
the main mode of transmission in Europe and North America, 
but injecting drug use continues to be a major contributor to 
new cases as well.

Perinatal transmission accounts for most new infections in 
the world and is believed to account for at least half of all hepa-
titis B surface antigen (HBsAg)-positive carriers. Sixty percent 
to 90% of hepatitis B e antigen (HBeAg)-positive mothers typi-
cally have a high level of viremia (“viral load”) and transmit the 
infection to their offspring, whereas mothers who are positive 
for antibody to HBeAg (anti-HBe) transmit the disease less fre-
quently (5% to 15%) (see later). Fortunately, the incidence of 
new infections and childhood HCC has diminished greatly in 
countries such as Taiwan, where universal vaccination has been 
in place for decades.10 
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79infectivity
HBV is transmitted efficiently by percutaneous and mucous 
membrane exposure to infectious body fluids. The virus is 50 to 
100 times as infectious as HIV and 10 times as infectious as HCV. 
A high viral load indicates a higher risk not only of transmission 
from mother to child, but also after needlestick exposure and in 
the setting of household contact. HBV DNA has been detected 
by sensitive techniques such as PCR in most body fluids, except 
for stool that has not been contaminated with blood. Although 
HBV replicates primarily in hepatocytes, the presence of repli-
cative intermediates and virally encoded proteins in other sites, 
such as the adrenal gland, testis, colon, nerve ganglia, and skin, 
suggests that a vast extrahepatic reservoir for infectious virus 
exists.11 Small amounts of HBV DNA have been demonstrated in 
peripheral mononuclear cells and liver tissue years after apparent 
resolution of chronic infection.12,13 Extrahepatic localization of 
low levels of replicating virus may also explain the relatively high 
rate of HBV transmission from organ donors positive for anti-
body to hepatitis B core antigen (anti-HBc) (see later).14 

prevalence
In several highly endemic countries, the prevalence of hepatitis 
B is decreasing due to improved socioeconomic status, univer-
sal vaccination programs, and, possibly, effective antiviral ther-
apy.15 Estimates of the prevalence of chronic HBV infection in 
the USA vary from 875,000 to 2.2 million persons.16,17 Of all 
recent immigrants to the USA, an estimated 60% were born 
in regions of intermediate or high HBV prevalence. This find-
ing explains why most chronic HBV infections in the USA are 
imported (Fig. 79.1).2,16

In contrast to the growth of new cases of chronic hepatitis B, 
a decline in acute cases of hepatitis B since the 1990s has been 
the result of universal vaccination of newborns, adult vaccina-
tion programs for high-risk persons, changes in sexual lifestyle, 

refinements in blood screening procedures, and the availability of 
virus-inactivated blood components.18 Health care workers have 
experienced a striking decline in HBV infection owing to high 
rates of vaccination.

In much of the developed world, the highest incidence of 
acute cases continues to be in sexually active young adults. Since 
1995, most cases of acute hepatitis B reported to the Centers for 
Disease Control and Prevention (CDC) were caused by intimate 
contact among heterosexuals, followed by injection drug use and 
sex between men.19 In the USA, the most common risk factor 
among people with new HBV infections is injection drug use 
related to the opioid abuse epidemic. Rates of new HBV infec-
tion are highest among adults 30 to 49 years of age, reflecting 
low HBV vaccination coverage among adults at risk.20 Cases of 
hepatitis B continue to result from hemodialysis, acupuncture, 
artificial insemination, and, rarely, blood transfusion, but these 
cases account for a small contribution to the overall number of 
newly established acute infections.

Data from the CDC indicate that over 95% of pregnant 
women in the USA are tested for HBsAg, and infant vaccine cov-
erage levels are up to 93%. Despite these encouraging figures, 
however, the CDC also estimates that approximately 1000 new 
cases of hepatitis B in newborns each year result from a missed 
birth dose or failure to complete the vaccine schedule (see later).21 

acute hepatitis B
The age at which a person becomes infected with HBV is the 
principal determinant of the clinical outcome. Perinatal expo-
sure leads to the chronic HBV carrier state in as many as 95% 
of persons because of immunologic tolerance to the virus (see 
later). By contrast, children exposed during the first 5 years of 
life have a 30% chance of developing chronic HBV. Only 2% to 
5% of adults with an intact immune system become chronically 
infected.22

Two thirds of patients with acute hepatitis B have an asymp-
tomatic or subclinical illness that goes unrecognized. In the other 
third, acute hepatitis, ranging from mild to moderate in sever-
ity, develops, with ALF occurring in 1%. Although uncommon, 
hepatitis B accounts for 7% of all cases of ALF (see Chapter 95).23 
Rapid viral elimination may result in clearance of HBsAg from 
serum by the time of initial presentation. In these cases, the accu-
rate diagnosis of acute hepatitis B may require testing with immu-
noglobulin M (IgM) anti-HBc (see later).

The rate of spontaneous survival in ALF caused by HBV is 
only approximately 20%. LT has resulted in survival rates of 50% 
to 60%. Recurrent disease in the allograft is uncommon because 
of the successful application of hepatitis B immune globulin 
(HBIG) and antiviral agents (see later and Chapter 97). 

Chronic hepatitis B
Progressive liver disease (including cirrhosis and HCC) can be 
expected to develop in one quarter to one third of people who 
acquire infection in the first few years of life. An estimated 
15% to 25% of predominantly middle-aged or older men who 
acquired infection early in life ultimately die of liver-related 
causes. Outcomes are related to host (age, male gender, genetic 
background, immune status) and viral (serum HBV DNA level, 
HBV genotype, mutation patterns) factors. HCC is 4 times as 
likely to develop in males as in females.

The presence of active viral replication and long-standing 
necroinflammatory liver disease caused by HBV strongly influ-
ences the rate of progression to cirrhosis. The major determi-
nant of survival is the severity of liver disease when the patient 
first comes to medical attention.24 Cirrhosis is associated with 
decreased survival and an increased frequency of HCC. Prior to 
the advent of antiviral therapy, 5- and 20-year survival rates of 
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Fig. 79.1 Estimated number of cases of chronic HBV infection import-
ed into the USA by WHO region of origin, from 1974 to 2008. (Modified 
from Mitchell T, Armstrong GL, Hu DJ, et al.The increasing burden of 
imported chronic hepatitis B—United States, 1974–2008. PLoS One 
2011;6:e27717, with permission of author.)
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55% and 25%, respectively, were reported in patients with HBV-
related cirrhosis, compared with 97% and 63%, respectively, for 
those with mild (noncirrhotic) disease.25 In one study, an 84% 
5-year survival rate was reported for patients with compensated 
HBV-related cirrhosis, compared with 14% for patients with cir-
rhosis complicated by ascites, jaundice, encephalopathy, or a his-
tory of variceal bleeding (see Chapters 74 and 92).26 Multivariate 
analyses in several large cohort studies have identified age, ascites, 
hyperbilirubinemia, and renal dysfunction as correlating inde-
pendently with survival in patients with HBV-related cirrhosis. 
Therefore, early hepatic decompensation is an immediate indica-
tion for antiviral therapy as well as evaluation for LT (see later).

Clearance of HBsAg from serum in patients with early HBV-
related cirrhosis has been associated with an excellent progno-
sis, including improvement in liver histology and function, a 
decreased risk of viral reactivation, and improved long-term sur-
vival.24 HBsAg clearance, however, is not an absolute safeguard 
against the future development of HCC in persons who have pre-
existing cirrhosis.27 

Virology
HBV is a small DNA virus that belongs to the Hepadnaviridae 
family. Other members of this family are HBV-like agents that 
infect the woodchuck, ground and tree squirrels, woolly monkey, 
crane, heron, Ross goose, and duck. HBV is a small (3.2-kilobase 
[kb]) virus with a DNA genome that has a relaxed, circular, par-
tially double-stranded configuration (Fig. 79.2). The genome is 
composed of 4 open reading frames (ORFs) and has a compact 
design in which several genes overlap and use the same DNA to 
encode different viral proteins. The 4 viral genes components 

include the core, surface, X, and polymerase genes. The core 
gene encodes the core nucleocapsid protein, which is important 
in viral packaging and production of HBeAg. The surface gene 
encodes the pre-S1, pre-S2, and S proteins (comprising the large 
[L], middle [M], and small [S] surface proteins). The X gene 
encodes the X protein, which has transactivating properties and 
may be important in hepatic carcinogenesis. The polymerase 
gene has a large ORF (≈800 amino acids) and overlaps the entire 
length of the surface ORF. It encodes a large protein with func-
tions that are critical for packaging and DNA replication (includ-
ing priming, RNA- and DNA-dependent DNA polymerase, and 
RNase H activities).

Viral replication
Although HBV is a DNA virus, replication occurs through an 
RNA intermediate and requires an active viral reverse transcrip-
tase/polymerase enzyme (Fig. 79.3). The mutation rate is higher 
for HBV than for other DNA viruses (with an estimated 1013 
to 1015 point mutations per day).28 Complete HBV genomic 
sequencing has identified a large number of mutations within 
the HBV genome, many of which are silent or do not alter the 
amino acid sequence of encoded proteins. Because of genomic 
overlap, however, some of the silent mutations in one ORF (e.g., 
the polymerase gene) may result in an amino acid substitution 
in an overlapping ORF (surface gene), although with uncertain 
clinical implications.

HBV replication begins with encapsidation of the pregenomic 
RNA through complex interactions between host and viral pro-
teins.29 HBV DNA polymerase reverse transcribes the pregenomic 
RNA into a negative-strand HBV DNA, which in turn serves as 

Fig. 79.2 The molecular structure and organization of 
HBV. Note the overlapping ORFs of the viral genome 
and its major transcripts (wavy lines). The genome is 
partially double stranded with 4 overlapping ORFs, or 
genes. The S gene encodes the viral surface envelope 
protein (hepatitis B surface antigen, HBsAg) and is 
composed of the pre-S1, pre-S2, and S regions. The 
core gene (C) consists of the precore (Pre-C) and core 
regions, which give rise to the HBeAg and core pro-
tein, respectively. The polymerase (P) gene overlaps 
the entire S gene, and mutations in this region may, in 
theory, give rise to changes in the HBsAg protein that 
affect neutralization by antibody to HBsAg. The fourth 
gene (X) encodes an incompletely understood protein, 
hepatitis B X protein (HBX). Two 11-base-pair direct 
repeats (DR1 and DR2) are required for strand-spe-
cific HBV DNA synthesis during viral replication. AAA, 
polyadenosine tail at 3′ end of RNA.
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the template for positive-strand synthesis to form a partially dou-
ble-stranded genome. Concurrent with HBV DNA synthesis, the 
nucleocapsid undergoes maturation and, through an incompletely 
understood mechanism, interacts with the S protein to initiate 
viral assembly in the endoplasmic reticulum. S protein is synthe-
sized in the endoplasmic reticulum, where monomer aggregates 
that exclude host membrane proteins subsequently bud into the 
lumen as subviral particles. When formed, HBsAg undergoes gly-
cosylation in the endoplasmic reticulum and the Golgi apparatus. 
Noninfectious subviral particles (spherical and filamentous forms 
of HBsAg) are secreted in great abundance when compared with 
mature virions. These subviral HBsAg particles exceed virions in 
number by a variable factor of 102 to 105 and can accumulate up to 
concentrations of several 100 μg/mL in serum.30 

genotypes
A genetic classification based on comparisons of complete genomes 
has demonstrated 10 genotypes (designated A through J) and 
numerous subtypes of HBV (Box 79.1).31 These classifications are 
defined as a divergence in the entire HBV genomic sequence of 
8% or more. Genotype A is the predominant genotype in northern 
Europe and the USA. Genotypes B and C are confined to popula-
tions in eastern Asia and the Far East, but changes in immigra-
tion patterns have resulted in an influx of Asian HBV carriers with 
these genotypes into the USA.32 Genotype D is found worldwide 
but is especially prevalent in the Mediterranean area, Middle East, 
and southern Asia. Genotype E is indigenous to western areas of 
sub-Saharan Africa, and genotype F prevails in Central America. 
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Fig. 79.3 Life cycle of HBV. The receptor for viral entry has not been identified, but studies have suggested 
that sodium taurocholate cotransporting polypeptide (NTCP) is likely to be the receptor for binding the HBsAg 
protein. Once inside the hepatocyte, the virus undergoes uncoating, and the HBV genome enters the nucleus, 
followed by repair of the single-stranded DNA strand and formation of the covalently closed circular (ccc) DNA 
template. Viral transcripts are formed for the HBsAg, DNA polymerase, X protein, and RNA pregenome; the 
pregenome and polymerase are incorporated into the maturing nucleocapsid and removed after translation. 
The surface protein enveloping process occurs in the endoplasmic reticulum. Some of the nonenveloped 
nucleocapsid recirculates back to the nucleus, and the cycle begins again. Excess tubular and spherical forms 
of HBsAg are secreted in great abundance and outnumber complete virions in serum by a factor of 103 or 
more. HBsAg, hepatitis B surface antigen. (Yan H, Zhong G, Xu G, etal. Sodium taurocholate cotransporting 
polypeptide is a functional receptor for human hepatitis B and D virus. Elife 2012;1:e00049.)

BoX 79�1   Geographic Distribution and Proposed Clinical 
Associations of HBV Genotypes (A-J)

GeoGraphic Distribution

A: Northwestern Europe, North America, Central Africa
B: Southeast Asia, including China, Japan, and Taiwan (prevalence 

is increasing in North America)
C: Southeast Asia (prevalence is increasing in North America)
D: Southern Europe, Middle East, India
E: West Africa
F: Central and South America, USA (Native Americans), Polynesia
G: USA, France, Germany
H: Central and South America
I: Vietnam and Laos
J: Ryuku, Japan 
proposeD clinical associations

Shorter time to HBeAg seroconversion and higher probability of 
HBsAg loss: B > C

Response to treatment with interferon-α: A > B ≥ C > D
Precore/core promoter mutant frequency: B and D > A and C
Active liver disease activity and risk of progression: C > B
Evolution to chronic liver disease: non-A > A
HCC risk: B > C in younger age group in Taiwan, but C > B in older 

age group in Japan

HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen.
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Cases of genotype G have been reported in the USA and France. 
Genotype H has been described in Mexico. Genotypes I and J are 
the most recently discovered and have been observed in Vietnam 
and the Ryukyu Islands in Japan, respectively.31

Clinical associations appear to exist with the various geno-
types (see Box 79.1).33 The strongest clinical associations appear 
to be that (1) HBeAg seroconversion occurs earlier in patients 
with HBV genotype B than in those with genotype C, and (2) the 
response to therapy with interferon (IFN) is better with geno-
types A and B than with C and D (see later).34 The viral genotype 
also has implications for the frequency of precore and core muta-
tions (see later) and may have an effect on the frequency of HCC. 
There is no compelling evidence that genotypes affect the HBV 
DNA response to nucleoside analogs (see later).

The clinical associations with the various genotypes have become 
increasingly clear but have not led to specific recommendations for 
routine testing because genotype classification does not generally 
lead to a difference in management. One exception to this rule, 
however, occurs when a patient is being considered for pegylated 
IFN (PegIFN) therapy. In patients who are suitable candidates 
based on age and other factors (see later), genotype testing may have 
clinical value because genotypes A and B are associated with higher 
rates of a sustained virologic response and HBsAg clearance.35 

mutations
Most mutations in the HBV genome that are identified by com-
paring nucleotide sequences with those of wild-type HBV are 
silent or do not alter the amino acid sequence in a particular 
ORF. Some mutations have potentially important disease asso-
ciations, however, and are described later.

Hepatitis B Surface Antigen
HBsAg gene mutants result from a primary mutation in the 
HBsAg gene or a mutation in the overlapping DNA polymerase 
gene arising during nucleoside antiviral therapy (see later). Once 
the mutation appears, mutated virions can become selected 
immunologically as the dominant form of the virus.

Mutations in the HBsAg gene between amino acid positions 124 
to 147 are potentially important because this region of the HBsAg 
gene includes the major “a” epitope that binds to neutralizing anti-
body to HBsAg (anti-HBs). The mutation can lead to failure to 
detect HBsAg by commercial assays, which depend on binding to 
anti-HBs, and to failure of neutralization by HBIG or of vaccination.

Infection with HBsAg gene-mutant HBV is accompanied by 
detection of anti-HBc. Serum HBV DNA levels can vary to the 
same extent seen in HBsAg carriers (see later). These mutants need 
to be distinguished from cases of “occult” hepatitis B, which has been 
linked to cryptogenic cirrhosis and an increased risk of HCC.36,37 
In occult HBV infection, HBsAg-negative persons have detectable 
HBV DNA in serum.36 Some of these persons may lack evidence of 
other serologic markers of infection (e.g., anti-HBc). Occult HBV 
infection is thought to result from active suppression of viral repli-
cation by the host immune system; as a result, when HBV DNA is 
detectable in serum, it is present in low levels (<200 IU/mL).

Large-scale vaccination programs in regions endemic for 
HBV have revealed a 2% to 3% frequency of vaccine-escape 
HBsAg mutants. It remains controversial whether additional 
mutants will be further selected in the future and increase the 
risk for widespread vaccine failure, but most available evidence 
does not support this scenario. The importance of HBsAg gene 
mutants for HBIG failure after LT is less controversial. 

Precore, Basal Core Promoter, and Core
Mutations in the precore and basal core promoter regions of the 
HBV genome can influence the production of HBeAg. A precore 
mutation results in a stop codon at nucleotide 1896 that abolishes 

the synthesis of HBeAg,38 whereas mutations in the basal core pro-
moter at nucleotides 1762 and 1764 decrease HBeAg synthesis by 
approximately 70% while maintaining pregenomic RNA levels.39 
Both types of mutations have been observed in cases of severe 
hepatitis, which has been attributed to the loss of the immune-
tolerizing effects of HBeAg (see later). The presence of core pro-
moter mutations has been linked to an increased risk of HCC, and 
a higher frequency has been found in patients infected with HBV 
genotype C.31 Precore and basal core promoter mutants have been 
described in the same patients and are particularly common in 
Asian and South European patients harboring HBV genotypes B, 
C, and D. A large serosurvey of HBV carriers residing in the USA 
has found that precore and core promoter mutations are common 
(frequencies of 27% and 44%, respectively). Both mutant forms 
of HBV were observed to occur far more commonly in HBeAg-
negative patients (precore mutation in 38% of HBeAg-negative vs. 
9% of HBeAg-positive patients; core promoter mutation in 51% 
vs. 36%).40 In addition to these mutations, upstream mutations in 
the core gene can influence immunologic responses to HBV. Core 
gene mutations have been shown to block recognition of HBV by 
cytotoxic T lymphocytes (CTLs), a key mode of viral clearance. 
Therefore, the mutations contribute to HBV immune escape and 
possibly influence the response to IFN.41,42 Core gene mutations 
within the immunodominant epitopes of the HBV nucleocapsid 
also can affect CD4+ T-cell reactivity.

In patients with perinatally acquired chronic hepatitis B, a 
prolonged immune tolerant phase with minimal to absent hepatic 
necroinflammatory activity is typically seen for the first 20 to 30 
years of HBV infection. Sequencing studies have demonstrated 
stable core gene sequences during this phase. Precore muta-
tions are also uncommon during this phase. Core gene mutations 
become more common as patients pass from the immune active 
phase and undergo HBeAg seroconversion, at which time a grow-
ing number of mutations are observed in the region of the core 
gene that includes many B- and T-cell epitopes. Both precore 
stop codon mutants and core gene mutants have been associated 
with a poor response to IFN therapy.42 

HBV DNA Polymerase
The polymerase gene encodes a DNA polymerase enzyme needed 
for encapsidation of viral RNA into core particles, conversion of 
the pregenomic viral RNA into a negative strand of viral DNA 
(reverse transcription), and conversion of this first HBV DNA 
strand into a second DNA strand of positive polarity. In general, 
the HBV reverse transcriptase function of the polymerase gene 
is highly conserved because major mutations that impair the effi-
ciency of viral replication lead to selection pressure against such 
variants. As indicated earlier, HBV has low replication fidelity, 
however, meaning that it has a propensity to mispair nucleotide 
bases when it reverse transcribes viral RNA to DNA. HBV DNA 
polymerase also lacks any proofreading activity, so it cannot repair 
its mistakes. Therefore, when a nucleotide base is misplaced, it 
remains in the growing viral DNA strand as a base mutation, and 
the new HBV DNA genome has a different sequence from the 
original (wild-type) genome. The overall error rate of HBV DNA 
polymerase is estimated to be 1 per 10,000 nucleotides copied, 
which translates to the potential for 10 million base-pair errors 
per day in an infected person. All possible single-base mutations 
can be produced in a 24-hour period, although many such muta-
tions will yield nonviable viruses.43

Single or double nucleotide substitutions alter the amino acid 
sequence in the reverse transcriptase domain of the HBV DNA 
polymerase enzyme, thereby decreasing binding of drugs to its 
active site. Mutations in the HBV polymerase gene can lead to 
clinically apparent resistance to nucleoside analog therapy when-
ever there is both decreased susceptibility to the antiviral drug 
and sufficient replication fitness to allow continued propagation 
in the expanding viral population (“quasispecies”).
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High levels of viral replication and high mutability of the 

virus allow the emergence of single and even double polymerase 
mutants as a minor component of the viral quasispecies even 
before antiviral therapy is begun. Because of the limitations in sen-
sitivity of currently available molecular assays (e.g., the line probe 
assay), these mutants are not detectable until they constitute at 
least 5% to 10% of the entire viral population. Ultradeep pyro-
sequencing is a  technique with the ability to detect HBV mutants 
that constitute less than 1% of the total population.44 It is expected 
that the advent of next-generation sequencing will further dissect 
viral genome variability, thereby opening avenues to individual-
ized precision medicine.45 Persistent infection with drug-resistant 
HBV has been associated with progression of disease and blunting 
of hepatic histologic improvement with antiviral therapy.46 Severe 
flares of hepatitis have also been reported in conjunction with the 
emergence of drug-resistant mutants,47 and acquisition of these 
mutants may lead to rapidly progressive liver disease after LT.48 
Horizontal transmission of these mutants also has been described. 

pathogEnESiS
HBV is generally not a cytopathic virus, and the severity of HBV-
associated liver disease is considered related to the intensity of the 
host immunologic response to the virus. Whereas both cellular 
and humoral immune responses are needed for effective clearance 
and long-term protection against reinfection, the cellular immune 
response appears to be the arm principally involved in the patho-
genesis of disease. The immunologic response to HBV encom-
passes both an innate, or nonantigen-specific, response (e.g., 
natural killer cells and IFNs)49 and an adaptive immune response, 
including antibodies to viral antigens, HLA class II-restricted 
CD4+ T cells, and HLA class I-restricted CD8+ CTLs.50 Induction 
of the antigen-specific T-cell response is thought to occur in lym-
phoid organs, where the host T cells encounter viral peptide anti-
gens (or epitopes) that are presented by antigen-presenting cells 
such as dendritic cells, B cells, and macrophages.51 This process 
results in the maturation and expansion of T cells that are specific 
for these viral epitopes and is followed by their migration to the 
liver, where they perform their effector function.

During acute HBV infection, HBV spreads through the liver 
without causing clinically overt liver inflammation until it reaches 
a logarithmic phase of replication.52 At this point, HBV-specific 
T cells are detectable and most HBV DNA molecules are cleared 
from the liver via noncytopathic mechanisms mediated by cyto-
kines that are released by liver-infiltrating HBV-specific CD8+ 
cells.53 Cell-mediated immune responses are efficient in self-lim-
ited infection because the responses are vigorous, multispecific, 
and oriented toward type 1 helper T-cell functions. In contrast, 
persons with chronic HBV infection exhibit infrequent, narrowly 
focused, and weak HBV-specific T-cell responses that fail to 
clear HBV from infected hepatocytes.54 In chronic hepatitis B, 
the majority of mononuclear cells in liver infiltrates of patients at 
any given time are non-antigen-specific.55

CD8+ CTLs are the primary mediator of HBV clearance56 and 
higher frequencies of HBV-specific T cells correlate with better 
control of HBV replication in chronically infected patients.57,58 
However, the antiviral function of CD8+ CTLs can also contribute 
to immunopathology by inducing chemokines that drive nonspe-
cific mononuclear inflammatory infiltrates observed during hepa-
titis.59 To be recognized by the CD8+ CTLs, targeted hepatocytes 
must present viral epitopes as short peptides that have been endog-
enously processed and fit within the peptide-binding groove of the 
class I MHC molecules.60 The binding of the CTL T-cell receptor 
to the peptide-MHC complex on the hepatocyte surface can then 
result in the direct killing of the infected cell and release of potent 
antiviral cytokines by the activated CTL. Although hepatocytes 
express MHC-I, there is little evidence that they express MHC-II or 
are directly recognized by MHC class II-restricted CD4+ helper T 
cells. CD4+ T cell activation requires the appropriate presentation 

of viral peptides in the context of class II MHC molecules, which 
may occur in lymphoid tissues or liver-resident antigen-presenting 
cells such as dendritic cells, Kupffer cells, and endothelial cells. The  
CD4+ cells produce antiviral cytokines and provide help in stimulat-
ing neutralizing antibody production. Antibody neutralization lim-
its intrahepatic spread of virus during primary infection and serves 
an important role in preventing reinfection. 

natural hiStory
Five phases of chronic hepatitis B have been described:  
(1) HBeAg-positive chronic HBV infection (immune toler-
ance), (2) HBeAg-positive chronic hepatitis B (immune clearance),  
(3) HBeAg-negative chronic HBV infection (inactive carrier 
state), (4) HBeAg-negative chronic hepatitis B (reactivation), 
and (5) the HBsAg-negative phase (Fig. 79.4). These consecu-
tive phases are much more likely to be apparent in patients with 
acquisition of chronic hepatitis B early in life. The newer nomen-
clature is based on the description of the 2 main characteristics of 
chronicity: infection (no inflammation) versus hepatitis (inflam-
mation).61

HBeAg-positive chronic HBV infection is often the earliest phase 
to be recognized when there is a history of infection at birth or 
the first few years of life. It is characterized by HBeAg positivity, 
high levels of HBV DNA (≥107 IU/mL), low or normal levels 
of serum aminotransferases, and minimal or no necroinflamma-
tion or fibrosis in the liver. During this phase, the rates of HBeAg 
loss are low. Experiments in transgenic mice suggest that HBeAg 
induces a state of immunologic tolerance to HBV in neonates.62 
Perinatal transmission of HBeAg is considered one of several 
potential mechanisms underlying the immune-tolerance phase.63

HBeAg-negative chronic hepatitis B often begins after sev-
eral decades of HBV infection and is characterized by elevated 
serum aminotransferase levels, lower HBV DNA levels than in 
HBeAg-positive chronic HBV infection, and histologic evidence 
of chronic hepatitis. The trigger mechanisms for this apparent 
immunologic activation against HBV are poorly understood, 
but CD8+ CTL-mediated lysis of infected hepatocytes has been 
shown to occur. The duration of this phase varies and frequently 
lasts many years. Continued pressure by the host immune system 
against the virus may result in HBeAg seroconversion (loss of 
HBeAg with the development of anti-HBe in serum). The mean 
annual rate of spontaneous HBeAg seroconversion generally 
ranges from 8% to 15% in older children or adults with elevated 
serum ALT levels; however, the rate is considerably lower among 
Asian children and immunocompromised persons.24

HBeAg-positive chronic HBV infection is the third phase and 
occurs in most patients who undergo HBeAg seroconversion. 
This phase is characterized by normalization of serum ALT and 
low (<2000 IU/mL) or nondetectable serum HBV DNA levels 
(see Fig. 79.4). Over time, hepatic necroinflammation and fibro-
sis subside.64 The inactive phase may last a lifetime.

HBeAg-negative chronic hepatitis B develops after reactivation, 
which may occur spontaneously because of a loss of immunologic 
control over viral replication or may be due to immunosuppressive 
drug therapy (see later). Reactivation is defined by the reappear-
ance of high levels of HBV DNA in serum and often a noticeable 
rise in serum ALT levels. Therefore, HBeAg seroconversion does 
not always indicate quiescent disease. As many as 30% of per-
sons who undergo HBeAg seroconversion enter into a subsequent 
phase of active disease that is caused by the selection of HBeAg-
negative mutants (precore mutation, core promoter mutation, or 
a combination of both).65 At least 50% of these persons exhibit 
fluctuations in HBV DNA and aminotransferase levels, and rec-
ognition of active disease and exclusion of the inactive HBsAg car-
rier state (see later) may require serial assessment of both serum 
HBV DNA, quantitative HBsAg, and aminotransferase levels.66

The HBsAg-negative phase is the last phase and is character-
ized by a negative test for HBsAg and a positive test for antibody 
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to HBcAg (anti-HBc), with or without detectable antibody to 
HBsAg (anti-HBs). In rare cases, the absence of HBsAg could be 
related to the sensitivity of the assay used for detection. Patients 
in this phase have normal ALT values and almost always unde-
tectable serum HBV DNA. Covalently closed circular HBV 
DNA (cccDNA) can still be detected in the liver (see later).

If the active hepatitis phases remain untreated, cirrhosis can 
be anticipated to develop in at least 20% of cases. Various factors 
have been determined to increase the risk of cirrhosis, and, of 
these, older age, male gender, the stage of fibrosis at presentation, 

and ongoing HBV replication are perhaps the most important 
clinically. Combined infection with HDV (see Chapter 81), HCV 
(see Chapter 80), or HIV, as well as concomitant alcohol abuse, 
has also been linked to a higher rate of development of cirrhosis 
and HCC.

When cirrhosis develops, 2 major complications may occur: 
hepatic decompensation and HCC. The estimated annual fre-
quency of developing hepatic decompensation in HBV-associ-
ated cirrhosis is 5% to 8%; the annual rate of HCC is 2% to 
4%.67 Factors associated with an increased risk of HCC include 
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Fig. 79.4 Natural history of and new nomenclature for patients with chronic HBV infection. The course is shown 
graphically in A, and the criteria for each phase are shown in B. Particularly in patients who are infected early in 
life, the first phase is HBeAg-positive chronic HBV infection (previously known as the immune tolerant phase). 
After decades of normal serum ALT and high HBV DNA levels, this phase evolves to HBeAg-positive chronic 
hepatitis B (previously known as the immune reactive phase) of variable duration. In this phase, there is ac-
tive viral replication (high serum HBVDNA levels) and inflammation (high serum ALT levels) and an indication for 
antiviral therapy. Ultimately, patients enter a spontaneous or therapeuticallyinduced phase of HBeAg-negative 
chronic HBV infection (previously known as the inactive carrier state), with minimal disease activity, which can 
last indefinitely. At the time of HBeAg seroconversion, however, immunologic pressure may select for a viral 
mutant (precore, core promoter, or both), which is incapable of producing HBeAg antigen. Viral and serum 
ALT levels typically fluctuate during this phase of HBeAg-negative chronic hepatitis B, and antiviral treatment is 
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Anti-HBe, antibody to HBeAg; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen. (Data from 
*Lok AS, Zoulim F, Dusheiko G, Ghany MG. Hepatitis B cure: from discovery to regulatory approval. J Hepatol 
2017;67:847–61.)
†European Association for the Study of the Liver. Electronic address: easloffice@easloffice.eu. EASL 2017  
Clinical Practice Guidelines on the management of hepatitis B virus infection. J Hepatol 2017;67:370-98.
‡HBV DNA levels can be between 2000 and 20,000 IU/mL in some patients without signs of chronic hepatitis.
§Persistently or intermittently, based on the traditional upper limit of normal (∼40 IU/L).
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male gender, age 45 years or greater, having a first-degree relative 
with HCC, the presence of cirrhosis, HBeAg positivity, reversion 
from anti-HBe to HBeAg positivity, and increased HBV DNA 
levels regardless of the HBeAg state.68 Many of these risk factors 
are part of the risk scores that have been developed for predicting 
the occurrence of HCC in persons with chronic hepatitis B.69 
HCC can still develop in HBsAg-positive persons with none of 
the identified risk factors, but less frequently. In addition, HCC 
can occur in cirrhotic patients who have undergone HBsAg sero-
conversion, and all patients with cirrhosis need continued surveil-
lance (Box 79.2 [see Chapter 96]).70

Serum alt as a Surrogate marker for disease 
activity
The serum ALT level has been used conventionally as a measure 
of disease activity in patients with chronic hepatitis B. A serum 
ALT level within the normal laboratory reference range, how-
ever, has been shown to be an imperfect surrogate marker for lack 
of disease activity. Clinical laboratories base their range of nor-
mal values on blood donors without known liver disease, but this 
population may include persons who are obese, consume alcohol, 
and have diabetes mellitus, each of which tends to increase the 
apparent upper limit of normal (ULN). For purposes of guid-
ing management of chronic hepatitis B, a ULN for serum ALT 
of 35 U/L for males and 25 U/L for females is recommended.70 
Studies in Asia and the USA have shown that as many as 20% to 
30% of Asian HBV carriers with persistently normal serum ALT 
levels and serum HBV DNA levels over 2000 IU/mL (roughly 
equivalent to 10,000 copies/mL) have grade 2 or greater inflam-
mation and stage 2 or greater fibrosis (on scales of 0 to 4) on 
a liver biopsy specimen.71 HBeAg-negative Asian HBV carriers 
with high-normal serum ALT levels by standard reference ranges 
tend to be older, have a greater frequency of serum HBV DNA 
levels in excess of 2000 IU/mL, and have a higher frequency of 
basal core promoter HBV mutations—all features that can be 
associated with adverse long-term outcomes.72 Therefore, liver 
biopsy or a noninvasive determination of hepatic fibrosis can be a 
useful tool to ensure that the severity of underlying liver disease is 
not underestimated in such persons (see Chapters 73, 74, and 80). 

hBV dna level and long-term Complications
Population-based Asian cohort studies have established that the 
serum HBV DNA level is the single best predictor of future pro-
gression to cirrhosis and HCC in HBV-infected persons.73,74 In 
the prospective REVEAL-HBV natural history cohort study, 
over 3600 untreated HBV (HBsAg-positive) carriers from 
Taiwan were followed for more than 11 years. Of these, 60% 
were male, 40% were older than age 50, 85% were HBeAg 
negative, and 95% had normal serum ALT levels using standard 
reference ranges. The calculated relative risks for cirrhosis and 
HCC were shown to correlate with the level of HBV DNA on 
entry into the study when compared with a reference population 
of HBV carriers with undetectable serum HBV DNA.74 Even 

serum HBV DNA levels as low as 10,000 copies/mL (equivalent 
to 2000 IU/mL) were associated with a higher relative risk of cir-
rhosis and HCC. The relative risk was highest (hazard ratio of 10) 
in persons with a serum HBV DNA level that was greater than 
20,000 IU/mL and intermediate (hazard ratio of 3.8) in persons 
in whom the serum HBV DNA level decreased spontaneously 
from greater than 100,000 copies/mL at the time of enrollment 
to less than 2000 IU/mL at the last point of follow-up. These data 
can be interpreted to mean that both the duration and level of 
viremia are important risk factors for the development of HCC. 
The data also suggest that suppression of serum HBV DNA lev-
els, whether spontaneous or induced by antiviral therapy, lowers 
the risk of HCC.

Some authorities recommend that Asian men 50 years of age 
or older with serum HBV DNA levels 20,000 IU/mL or greater 
receive long-term therapy with a nucleoside (or nucleotide) analog 
to prevent HCC, even if serum ALT values are normal.75 Addi-
tional support for this recommendation can be found in a land-
mark study in which more than 600 Asian patients with advanced 
fibrosis and a serum HBV DNA level greater than 20,000 IU/
mL were randomized in a ratio of 2:1 to active treatment with the 
nucleoside analog lamivudine or placebo.76 Disease progression 
and HCC occurred significantly less frequently in the group of 
patients randomized to lamivudine. 

CliniCal and pathologiC FEaturES

acute hepatitis B
The incubation period of acute hepatitis B varies from a few weeks to 
6 months (average, 60 to 90 days), depending on the amount of repli-
cating virus in the inoculum. In many patients, particularly children, 
acute hepatitis B remains asymptomatic. The disease may be more 
severe in patients coinfected with other hepatitis viruses and in those 
with established underlying liver disease.77 Acute infections are her-
alded by malaise, nausea, vomiting, and, in 10% to 20% of patients, 
a prodrome of fever, arthralgias or arthritis, and rash, which is most 
commonly maculopapular or urticarial. This prodrome results from 
circulating HBsAg-anti-HBs complexes that activate complement 
and are deposited in the synovium and walls of cutaneous blood ves-
sels. These features generally abate before the manifestations of liver 
disease and peak serum aminotransferase elevations are observed. 
Jaundice develops in only about 30% of patients.

Clinical symptoms and jaundice generally disappear after 1 
to 3 months. In general, elevated serum ALT levels and serum 
HBsAg titers decline and disappear together, and in approxi-
mately 80% of cases, HBsAg disappears by 12 weeks after the 
onset of illness. IgM anti-HBc is the best viral biomarker to con-
firm acute hepatitis B and to distinguish it from chronic infection. 
Persistence of HBsAg after 6 months implies development of a 
chronic infection state, with only a small likelihood of recovery 
during the next 6 to 12 months.

Serum aminotransferase levels of 1000 to 2000U/L are typi-
cal during acute hepatitis B, with the ALT higher than the AST 
level. In patients with icteric hepatitis, the rise in serum bilirubin 
levels often lags behind the rise in ALT levels. The peak ALT level 
does not correlate with prognosis; the prothrombin time (INR) is 
the best indicator of prognosis. If ALF develops, patients usually 
present within 4 weeks of the onset of symptoms and have associ-
ated multiorgan dysfunction, coagulopathy, encephalopathy, and 
high mortality rates if they are not treated with prompt antiviral 
therapy and LT. Patients older than 40 years of age appear to be 
more susceptible than younger persons to “late-onset” liver fail-
ure, which occurs several months after the onset of acute symp-
toms and is associated with encephalopathy and renal dysfunction. 
The pathogenic mechanisms of this severe form of HBV-related 
hepatitis are poorly understood but are presumed to involve mas-
sive immune-mediated lysis of infected hepatocytes and possibly 
impaired regeneration of new hepatocytes (see Chapter 95). 

BoX 79�2   Persons with HBV Infection for whom HCC 
Screening is Recommended

African American carriers over 20 years of age
Asian female carriers over 50 years of age
Asian male carriers over 40 years of age
Carriers who have a family history of HCC
Persons who are coinfected with HDV, HCV, or HIV
Persons with HBV cirrhosis (at any age)
Persons with persistent active infection (high serum levels of HBV 

DNA and evidence of ongoing liver injury)
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Chronic hepatitis B
A history of acute or symptomatic hepatitis is often lacking in 
patients with chronic HBV infection. When symptoms are pres-
ent, fatigue tends to predominate over other constitutional symp-
toms, such as poor appetite and malaise. Patients may remain 
asymptomatic even during periods of reactivated hepatitis. In 
other instances, particularly when superimposed on cirrhosis, 
reactivation of HBV infection may be associated with frank jaun-
dice and signs of liver failure.

Physical examination may be normal, or hepatosplenomegaly 
may be found. In decompensated cirrhosis, jaundice, ascites, and 
peripheral edema are common. During exacerbations of disease, 
serum ALT levels may be as high as 1000 U/L or more, and the 
clinical and laboratory picture is indistinguishable from that of 
acute hepatitis B, including the presence in serum of IgM anti-
HBc in some cases. Progression to cirrhosis should be suspected 
whenever hypersplenism, hypoalbuminemia (in the absence of 
nephropathy), or a high INR is found. The serum AST level is 
often higher than the serum ALT level in patients with advanced 
cirrhosis.

Extrahepatic Manifestations
Although uncommon, extrahepatic syndromes can occur with 
chronic and acute hepatitis B. They are important to recog-
nize because they may occur without clinically apparent liver 
disease and can be mistaken for independent disease processes 
in other organ systems. The pathogenesis is not completely 
understood but likely involves an aberrant immunologic 
response to extrahepatic viral proteins.78 Many of the extrahe-
patic  manifestations are observed in association with circulat-
ing immune complexes that activate serum complement. Serum 
complement levels are generally low, and antiviral therapy may 
be beneficial in  reducing the amount of immunologically acti-
vating viral antigens.

Arthritis-Dermatitis
The arthritis-dermatitis prodromal manifestations of acute hepa-
titis B must be distinguished from inflammatory forms of arthri-
tis, because glucocorticoid therapy, if mistakenly given to these 
patients, can lead to enhanced HBV replication, and abrupt with-
drawal of these agents may be associated with a potentially severe 
flare in disease activity. 

Polyarteritis Nodosa
As many as 30% of patients with polyarteritis nodosa are 
infected with HBV, but the disorder develops in less than 1% of 
patients with chronic HBV infection. This association has been 
reported predominantly in North America and Europe but less 
so in Asia, where HBV is acquired perinatally. Typical features 
include arthralgias, fever, rash, abdominal pain, renal disease, 
hypertension, mononeuritis multiplex, and CNS abnormalities. 
Plasmapheresis may be useful, but the best therapeutic responses 
have also been observed with antiviral agents, given alone or in 
combination with plasmapheresis or immunosuppressive therapy. 

Glomerulonephritis
Several types of glomerular lesions have been described in 
patients with chronic HBV infection; membranous glomerulo-
nephritis and membranoproliferative glomerulonephritis are the 
most common.79 Renal biopsy specimens have demonstrated 
immune-complex deposition and cytoplasmic inclusions in the 
glomerular basement membrane. Nephrotic syndrome is the 
most common presentation of HBV-associated glomerulone-
phritis. The diagnosis requires the presence of immune-complex 
glomerulonephritis in a renal biopsy specimen and the demon-
stration of glomerular deposits of one or more HBV antigens, 

such as HBsAg, HBcAg, or HBeAg, by immunohistochemistry. 
The renal disease typically resolves in months to several years 
in children. Resolution may occur after HBeAg seroconver-
sion. The natural history of HBV-related glomerulonephritis 
in adults has not been well defined, but several reports suggest 
that glomerular disease is often slowly and relentlessly progres-
sive.80 Successful treatment has been accomplished with IFN-α 
and has been linked to long-term control of HBV replication.81 
Therapy with nucleoside (or nucleotide) analogs has also resulted 
in improved renal function and diminished proteinuria.82 

Cryoglobulinemia
Type II cryoglobulins consist of a polyclonal IgG and mono-
clonal IgM with rheumatoid factor activity, whereas type III 
cryoglobulins contain polyclonal IgG and IgM. Type II and 
type III cryoglobulinemia have been associated with hepatitis B, 
but the association, unlike that with hepatitis C, is uncommon. 
Cryoglobulinemia may be associated with systemic vasculitis 
(purpura, arthralgias, peripheral neuropathy, and glomerulone-
phritis) but is often asymptomatic. Nucleos(t)ide analog therapy 
has been used successfully to treat symptomatic cryoglobuline-
mia.83 

Histopathologic Features
Chronic HBV infection is characterized by mononuclear cell 
infiltration in the portal tracts. Periportal inflammation often 
leads to the disruption of the limiting plate of hepatocytes (inter-
face hepatitis), and inflammatory cells often can be seen at the 
interface between collagenous extensions from the portal tracts 
and liver parenchyma (referred to as active septa). During reac-
tivated hepatitis B, lobular inflammation is more intense and 
reminiscent of that seen in acute viral hepatitis. Steatosis is not a 
feature of chronic hepatitis B, as it is of chronic hepatitis C.

The only histologic feature noted on routine light microscopy 
that is specific for chronic hepatitis B is the presence of ground-
glass hepatocytes (Fig. 79.5). This morphologic finding results 
from accumulation of HBsAg particles (20 to 30 nm in diameter) 
in the dilated endoplasmic reticulum. Because of high levels of 
cysteine in HBsAg, ground-glass cells have a high affinity for 
certain dyes, such as orcein, Victoria blue, and aldehyde fuchsin. 
Ground-glass hepatocytes may also be seen in HBV carriers, in 
whom they may be detected in up to 5% of cells. When present 
in abundance, ground-glass hepatocytes often reflect a high level 
of viral replication. Immunofluorescence and electron micro-
scopic studies have shown HBcAg inside the hepatocyte nuclei of 
affected cells. During periods of intense hepatitis activity, cyto-
plasmic core antigen staining is generally observed. After success-
ful treatment of HBV infection with a nucleos(t)ide analog, the 
cytoplasmic core antigen staining often disappears, but nuclear 
core antigen staining due to persistence of the HBV cccDNA 
transcriptional template may remain. 

Acute Flares and Reactivation
Chronic hepatitis B is often punctuated by sudden flares of dis-
ease activity that are characterized by a precipitous increase in 
serum aminotransferase levels. Although a uniform biochemical 
definition of a flare is lacking, it has frequently been described 
as an increase in serum ALT levels to at least 2 to 3 times the 
baseline value and at least 100 IU/mL. Flares are an important 
part of the natural history of hepatitis B because they can lead 
to histologic progression when they occur repeatedly and are 
moderate or severe. Acute flares in chronic hepatitis B occur in 
association with a number of circumstances (Table 79.1). Most 
flares are preceded by an increase in viral replication, which 
stimulates an enhanced cellular immune response that targets 
virus-infected hepatocytes. The mechanisms behind the increase 
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in viral replication are unknown in many instances and are pre-
sumed to be due to the weakening of immune control over viral 
replication or to the emergence replication-fit viral mutants such 
as core promoter mutants or drug-resistant mutant HBV (see ear-
lier). Flares following viral relapse after nucleos(t)ide analogs are 
stopped have been well described. Irrespective of the cause of the 
increased viral replication, however, the biochemical abnormali-
ties usually occur coincident to or immediately after an increase 
in serum HBV DNA levels.

Spontaneous Flares
Spontaneous flares have been observed in patients with HBeAg-
positive chronic hepatitis B, in whom they occur in 5% to 10% 
of patients annually, and in those with HBeAg-negative chronic 
hepatitis B, in whom fluctuations of both serum HBV DNA and 
ALT levels are common. It is not clear if severe physical or emo-
tional stress can weaken the immune system and lead to a second-
ary increase in viral replication.

In persons who acquire HBV infection early in life, flares 
become more common during adulthood. In this situation, the 
flares are almost certainly host-driven rather than virally medi-
ated, and although poorly understood, they are most likely the 
result of a change in the regulation of viral antigen-specific T 
cells.63 

Immunosuppressive Therapy–Induced Flares
Reactivation of hepatitis B with flares of serum aminotransferase 
levels is a well-recognized complication of cytotoxic or immuno-
suppressive therapy, including conventional cancer chemother-
apy and potent biologic response modifiers that are used to treat 
rheumatic, gastrointestinal, and skin disorders.84,85 Although 
many drugs have been reported to induce HBV reactivation 
(HBV-r), they tend to fall into one of several classes of agents 
(Table 79.2). Suppression of the normal immunologic responses 
to HBV during therapy leads to enhanced viral replication and 
is thought to result in widespread infection of hepatocytes. In 
general, the more potent the immunosuppression, the higher 
the level of viral replication and, thus, the greater the potential 
for serious clinical consequences. The literature provides ample 
evidence for HBV-r leading to severe hepatitis, death from ALF, 
and delay or inability to continue treatment for the underlying 
disease. When reactivation occurs in the setting of cancer chemo-
therapy or systemic treatment for a severe autoimmune disorder, 

the patient may not be eligible for salvage LT. A growing body of 
evidence shows benefit to screening all patients in need of immu-
nosuppressive drug therapy for HBsAg and anti-HBc and prophy-
lactically treating HBsAg-positive patients with antiviral therapy. 
Reactivation of hepatitis B is discussed later in the chapter. 

Antiviral Therapy–Induced Flares
Antiviral treatment of chronic hepatitis B can be associated with 
ALT increases and flares of hepatitis in several circumstances. 
Flares may occur during IFN or nucleos(t)ide analog therapy, 
after withdrawal of nucleos(t)ide analogs or glucocorticoid ther-
apy, and in association with the emergence of lamivudine-, adefo-
vir-, entecavir-, or telbivudine-resistant mutants.

During Interferon Therapy
IFN-induced flares of chronic hepatitis B occur in approximately 
one third of treated patients and result from the immunostimula-
tory properties of the drug. Flares occur with conventional and 
pegylated formulations of IFN (see later and Chapter 80) and 
have been reported to occur more frequently in patients infected 
with HBV genotype A than with other genotypes. This finding 
may explain the higher rate of sustained virologic response and 
HBsAg clearance seen in this group of patients.86 Serum ALT 
flares have been shown to be a predictor of sustained virologic 
response and may be especially important in achieving a sustained 
virologic remission in patients with a high level of viremia.87,88 
Flares that occur in patients with advanced liver fibrosis have 
been associated with clinical deterioration, and, as a result, IFN 
should be used cautiously in patients with cirrhosis and should 
not be used in patients with decompensated cirrhosis. 

During Nucleos(t)ide Analog Therapy
The registration studies for all nucleos(t)ide analogs have detected 
ALT flares during treatment in less than 10% of patients, and 
these flares were no more common or severe than those occur-
ring in untreated patients. Whether a reduction in viral burden 
results in a transient restoration of immune competence is con-
troversial, but the interaction does not appear to be clinically 
important. Serum aminotransferase increases are generally brief, 
even with continuation of therapy.89 

After Withdrawal of a Nucleos(t)ide Analog
Serum ALT flares occur in more than 40% of patients after with-
drawal of nucleos(t)ide analog therapy. These flares are thought to 
be caused by rapid resurgence of HBV, and, although generally well 
tolerated, they may be associated with serious clinical exacerbations 

Hepatitis B surface antigen

B

Ground-glass
inclusions

A

Fig. 79.5 Histopathology of HBV infection. A, Photomicrograph showing ground-glass inclusions in hepato-
cytes. These inclusions represent large amounts of hepatitis B surface antigen (HBsAg) in the endoplasmic re-
ticulum. (H&E, ×630.) B, Immunohistochemical stain for HBsAg. Note that the brownish inclusions correspond 
to the ground-glass inclusions seen in A. (×630.) (Courtesy Dr. Gist Farr, New Orleans, LA.)
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in patients with advanced liver disease. Reinstitution of the original 
therapy is usually associated with a decline in HBV DNA levels. 
In selected HBeAg-negative patients, stopping nucleos(t)ide ana-
log therapy may induce a temporary increase in serum HBV DNA 
levels accompanied by a flare followed by a profound decline in 
HBsAg levels and sometimes HBsAg loss.90 

During Other Antiviral Therapy
Serum ALT flares occur in patients coinfected with HIV and 
HBV who receive antiretroviral therapy (ART).91 The cause 
of these flares can be multifactorial. One of the most common 
causes is immunologic reconstitution due to the effectiveness 
of ART.92 Patients with low CD4 counts before ART therapy 
and high HBV DNA levels are often at greatest risk for this syn-
drome, and ALF may occasionally result.93

HBV infection increases the risk of hepatotoxicity from ART, 
usually within 6 months after the initiation of treatment, and 
hepatotoxicity should be suspected if serum aminotransferase 

elevations occur despite an appropriate decline in HBV DNA 
levels. Affected HIV-infected patients may also be particularly 
susceptible to ALT flares because of a higher risk of infection 
with other hepatitis viruses.

In patients coinfected with HBV and HCV, there is a poten-
tial risk for HBV-r and flare after HCV clearance using DAAs 
(see Chapter 80).94 HBsAg-positive individuals who undergo 
DAA treatment for HCV infection should, therefore, be moni-
tored for HBV DNA levels every 4 to 8 weeks until 3 months post 
treatment, and concomitant HBV nucleos(t)ide analog therapy 
should be considered even when there is no treatment indica-
tion for HBV monoinfection. HBsAg-positive patients with 
detectable serum HBV DNA at baseline may also be considered 
for empiric HBV therapy. HBsAg-negative, anti-HBc-positive 
patients treated for HCV infection have a much lower risk of 
HBV-r, which should be considered if serum ALT levels increase 
or fail to normalize during or after DAA treatment.61,70 

Flares Associated with Genotypic Variation
Chronic infection with precore mutant HBV is often associated 
with periodic flares of liver cell necrosis interspersed with periods 
of normal serum ALT and low serum HBV DNA levels.65 These 

table 79.1 Differential Diagnosis of Hepatitis Flares in Persons with 
Chronic Hepatitis B

cause of Flare comment

spontaneous Factors that precipitate viral replication and 
loss of immune control are unclear

immunosuppressive 
therapy

Flares are often observed during or shortly 
after withdrawal of the agent; preemptive 
antiviral therapy is required

antiviral therapy for  
hbV

Interferon Flares may be observed within the first 3 mo 
of initiating therapy in 30% of patients 
and may herald HBeAg seroconversion in 
some patients

Nucleos(t)ide analog –

During treatment Reinforce patient education to improve 
medication adherence

Antiviral resistance Mainly an issue for agents that have a low 
genetic barrier to resistance such as 
lamivudine and telbivudine

Confirm genotypic resistance with resistance 
testing

Off treatment Flares indicate clinical relapse (re-elevation 
of serum ALT levels andre-appearance 
of HBV DNA in serum in those previously 
virally suppressed)

hiV coinfection Flares can occur as a result of the 
direct toxicity of ART or with immune 
reconstitution; HBV increases the risk of 
antiretroviral drug hepatotoxicity

other liver diseases Alcohol overuse
Autoimmune liver disease
Drug and toxin-induced liver injury
NAFLD

precore and core 
promoter mutants

Fluctuations in serum ALT levels are common 
in HBeAg-negative patients who harbor 
these variants

coinfection with hcV HBV may be suppressed in HCV-coinfected 
patients

Beware of HBV reactivation in coinfected 
patients undergoing DAA therapy for HCV 
infection

coinfection with hDV HBV is typically suppressed in HDV 
coinfected patients

Higher risk of liver disease progression 
requires close monitoring

  

ART, antiretroviral therapy; HBeAg, hepatitis B e antigen.
  

table 79.2 Risk of HBV Reactivation Associated with Various 
Immunosuppressive Agents and Regimens

Risk*

Medication
hbsag-positive 
patient

hbsag-negative/
anti-hbc-
positive patient

Anti-CD20 B cell-depleting 
agents (rituximab, 
ofatumumab)

High High†

Hematopoietic stem cell 
transplantation

High Moderate†

Anthracycline (doxorubicin, 
epirubicin)

High Moderate‡

High-dose prednisone (>20 mg 
daily) for >4wk

High Moderate‡

Anti-CD 52 (alemtuzumab) High Low

Anti-TNF (infliximab, 
adalimumab)

Moderate Moderate‡

Cytokine or integrin inhibitors 
(abatacept, natalizumab, 
ustekinumab, vedolizumab)

Moderate Moderate

Tyrosine kinase inhibitor 
(imatinib, nilotinib, sorafenib)

Moderate§ Moderate§

Cytotoxic chemotherapy Moderate Low

Low-dose prednisone (<10 mg 
daily) for >4 wk

Moderate Low

Antirejection regimens for solid 
organ transplant

Moderate Low

Traditional immunosuppressive 
therapy:  
azathioprine, methotrexate, 
6-mercaptopurine

Low Low

Any dose of glucocorticoid  
for <1 wk

Low Low

Intra-articular glucocorticoids Low Low
  

*See Box 79.3.
†AASLD classifies risk as moderate.
‡AASLD classifies risk as low.
§AASLD classifies risk as undefined.
Anti-HBc, antibody to hepatitis B core antigen; HBsAg, hepatitis B 

surface antigen.
  



Chapter 79 Hepatitis B 1227

79
flares have been attributed to rises in the concentration of precore 
mutants in the liver and changes in the ratio of concentrations of 
precore to wild-type HBV.

Mutations in the basal core promoter region of the HBV 
genome are associated with increased histologic evidence of 
liver inflammation and viral replication. Multiple exacerbations 
of hepatitis resulting from reactivated HBV infection have been 
described in patients with basal core promoter mutations, either 
alone or in association with precore mutations. 

Flares Caused by Infection With Other Viruses
Patients with chronic HBV infection may exhibit severe flares in 
serum aminotransferase levels and even frank liver failure when 
superinfected with another hepatotropic virus, such as HAV, 
HCV, or HDV. Increased mortality has been reported when 
HDV superinfection is superimposed on chronic hepatitis B, and 
chronic HDV infection is often associated with frequent fluctua-
tions in serum aminotransferase levels (see Chapter 81).

Acute hepatitis C superimposed on chronic hepatitis B has been 
reported to be as clinically severe as HDV superinfection and has 
been associated with high rates of liver failure (34%) and death 
(10%).95 In a study involving 240 Chinese HBV carriers, those who 
became superinfected with HEV had a significantly higher rate of 
complications, including liver failure and death (33% vs. 2%), when 
compared with those who became superinfected with HAV.96 

diagnoSiS
HBsAg appears in serum 2 to 10 weeks after exposure to HBV and 
before the onset of symptoms or elevation of serum aminotransfer-
ase levels. In self-limited acute hepatitis, HBsAg usually becomes 
undetectable after 4 to 6 months. Persistence of HBsAg for more 
than 6 months implies evolution to chronic HBV infection.

The disappearance of HBsAg is followed several weeks later by 
the appearance of anti-HBs. In most patients, anti-HBs persists 
for life and provides long-term immunity. In some patients, anti-
HBs may not become detectable after disappearance of HBsAg, 
but these patients do not appear to be susceptible to recurrent 
HBV infection.97 Anti-HBs may not be detectable during a win-
dow period of several weeks to months after the disappearance of 
HBsAg. During this period, the diagnosis of acute HBV infection 
is made by the detection of IgM anti-HBc in serum.

Coexistence of HBsAg and anti-HBs in serum has been 
reported in approximately 10% to 20% of HBV carriers. The 
mechanisms of this finding are not clear but most likely relate to 
antibodies formed against minor variants of the HBsAg protein. 
The presence of these heterotypic antibodies is not associated with 
specific risk factors or changes in clinical course and may occur in 
patients with or without active liver disease and viral replication.

Anti-HBc is detectable in acute and chronic HBV infection. 
During acute infection, anti-HBc is predominantly of the IgM 
class and is usually detectable for 4 to 6 months after an acute 
episode of hepatitis and rarely for up to 2 years. IgM anti-HBc 
may become detectable during exacerbations of chronic hepatitis 
B and can even be used as a surrogate for active viral replication. 
Anti-HBc of the IgG class is found in persons who recover from 
acute hepatitis B and in those who progress to chronic infection.

In low endemic areas of the world such as the USA, isolated 
anti-HBc in serum has been detected in 1% to 4% of the gen-
eral population. Less than 5% of these patients can be anticipated 
to have HBV DNA detectable in serum (occult viremia).98 By 
contrast, isolated anti-HBc may be found in more than 50% of 
patients in highly endemic regions of the world, and 10% to 30% 
of patients with this finding may have HBV DNA detectable in 
serum.99,100 Isolated reactivity for anti-HBc may occur in a num-
ber of other clinical situations (Table 79.3). Perhaps the most clin-
ically important is a false-positive test result, which is usually very 
weakly reactive and may not be reproducible. Failure to appreciate 

this possibility in patients who have no apparent risk of exposure 
to HBV may result in needless consultation, inappropriate exclu-
sion from vaccination, and, unfortunately, rejection of the person 
from blood or organ donation. Such individuals often have a pri-
mary rather than anamnestic response to HBV vaccination.

HBeAg is a viral protein that is found in serum early during 
acute HBV infection. HBeAg reactivity usually disappears at the 
time of or soon after the peak in serum aminotransferase levels, 
and persistence of HBeAg 3 or more months after the onset of 
illness indicates a high likelihood of transition to chronic HBV 
infection. The finding of HBeAg in the serum of an HBsAg-
positive carrier indicates a high level of viral replication and 
greater infectivity for intimate contacts. Nearly 90% of patients 
with HBeAg-positive chronic hepatitis B have been found to have 
serum HBV DNA levels persistently above 20,000 IU/mL.101 
Serum HBV DNA values can be as high as 1012-13 IU/mL during 
the HBeAg-positive chronic infection (immune tolerant phase). 
By contrast, anti-HBe-positive patients have much lower serum 
HBV DNA levels, with the highest values being found in those 
with persistently or intermittently elevated serum ALT levels.

HBV DNA is a crucial component in the evaluation of HBV 
infection. Most clinical laboratories use a quantitative real-time 
PCR assay with a sensitivity of 5 to 10 IU/mL and a dynamic range 
of at least 7 log10IU/mL. The quantification of serum HBV DNA 
is commonly used to evaluate a patient’s candidacy for antiviral 
therapy and to monitor response during treatment. Patients with a 
high serum HBV DNA level (>2×108 IU/mL) at baseline respond 
less commonly to therapy with PegIFN than do those with lower 
levels.102 By contrast, baseline serum HBV DNA levels have not 
been shown to correlate with response to nucleos(t)ide analog ther-
apy because of the more potent inhibition of viral replication by 
these agents. Monitoring of HBV DNA levels at key intervals such 
as 12 and 24 weeks of therapy allows prediction of the likelihood 
of HBeAg clearance with both PegIFN and nucleos(t)ide analog 
therapy. In the past, reappearance of HBV DNA in serum dur-
ing treatment predominantly suggested that drug resistance had 
occurred.103 This is not the case, however, with high–genetic bar-
rier nucleos(t)ide analog therapy, during which the reemergence 
of HBV DNA more likely signals poor adherence to therapy.61

HBV genotypes A through J have distinct geographical distribu-
tions (see earlier) and are of importance in assessing the progression 
of HBV-related disease, the risk of HCC, and serologic response to 
both PegIFN and nucleos(t)ide analog therapy. Genotype testing 
is unfortunately not licensed and therefore rarely used in the USA.

Assays for quantification of HBsAg have become commer-
cially available and are licensed in many parts of the world.104 

table 79.3 Possible Interpretations of an Isolated Positive Test Result 
for Antibody to Hepatitis B Core Antigen (Anti-HBc)

interpretation comments

Resolved or remote 
infection

Common in persons who come from 
endemic areas of the world where 
acquisition of infection is frequent early 
in life

Serum HBV DNA is usually undetectable

False-positive result Weakly positive anti-HBc
Repeat serology in 3-6 mo

Window period of acute 
hepatitis B

IgM anti-HBc is positive during this phase
HBsAg and HBV DNA are also positive in 

this phase

Occult infection An uncommon variant of chronic hepatitis B 
associated with progressive liver damage

Serum HBV DNA is typically detectable in 
low levels

  

HBsAg, hepatitis B surface antigen; Ig, immunoglobulin.
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HBsAg reflects cccDNA activity in HBeAg-positive patients but 
not in HBeAg-negative patients, in whom HBsAg is also derived 
from integrated DNA.30 HBsAg levels vary by HBV genotype 
and over the different phases of HBV infection. In clinical prac-
tice, HBsAg is used in HBeAg-negative patients to distinguish 
true inactive disease (HBsAg level <1000 IU/mL) from relaps-
ing disease.66 HBsAg levels also provide prognostic information 
with regard to the risk of the progression of liver disease and 
HCC.

Clinical trials in both HBeAg-positive and HBeAg-negative 
patients have demonstrated a rapid decline in HBsAg concen-
tration during PegIFN therapy and a much slower decline dur-
ing the first few years of nucleos(t)ide analog therapy.105 High 
negative predictive values at week 12 (>90%) have led to vali-
dated stopping rules that would avoid unnecessary extension of 
PegIFN therapy in both HBeAg-positive and -negative patients 
and prompt initiation of a different treatment regimen.106,107 In 
the setting of nucleos(t)ide analog treatment, a greater than 1 
log decline in HBsAg levels has been predictive of HBsAg loss, 
and HBsAg levels of less than 100 IU/mL have been associated 
with a sustained off-treatment response following consolidation 
treatment in HBeAg-negative patients.30 

trEatmEnt
Eight antiviral agents have been approved for the treatment 
of chronic hepatitis B in North America. These include IFN-α 
(standard and PegIFN) and the nucleos(t)ide analogs lamivudine, 
adefovir, telbivudine, entecavir, tenofovir disoproxil fumarate 
(TDF), and tenofovir alafenamide (TAF). Nucleos(t)ide analogs 
target HBV replication through inhibition of the reverse tran-
scriptase function of HBV DNA polymerase, whereas PegIFN has 
both antiviral and immunomodulatory activities. Most patients 
on treatment receive nucleos(t)ide analogs due to their excellent 
safety record, oral route of administration, and tolerability com-
pared with PegIFN. First-line nucleos(t)ide analogs include TDF, 
entecavir, or TAF owing to high antiviral potency and a high 
genetic barrier to resistance.108-110 These agents are particularly 
useful in the management of patients with advanced liver disease, 
whereas PegIFN can further decompensate liver function and 
cause life-threatening infections. PegIFN offers a shorter dura-
tion of treatment (6 to 12 months) but is less desirable for many 
patients, because it is given by injection only and has unpleasant 
side effects.

goals
The ultimate goals for treatment of patients with chronic hepa-
titis B include arrest of progression of liver disease, prevention 
of late complications, and improvement in survival. Several 
studies have now documented the long-term benefits of treat-
ment, such as reversal of cirrhosis and reductions in the fre-
quency of HCC and the need for LT.111,112 Classical endpoints 
of treatment include suppression of serum HBV DNA, HBeAg 
seroconversion in HBeAg-positive patients, serum ALT nor-
malization, and histologic improvement. Each of these end-
points may be achieved with long-term suppression of viral 
replication using PegIFN or nucleos(t)ide analogs. However, 
the most desirable endpoint is HBsAg loss or seroconver-
sion, which has been associated with improved survival.113,114 
Unfortunately, fewer than 10% of patients treated with PegIFN 
or an oral agent will achieve HBsAg loss.115,116 Therefore, 
there remains an urgent need to develop new therapies that can 
induce a “functional cure” of HBV (sustained HBsAg loss) for 
the majority of chronic HBV patients. Missed opportunities 
for HBV screening and confusion regarding the indications for 
treatment of HBV infection have impeded fulfillment of the 
goals of treatment.117,118 

Barriers
The WHO has set a goal of Viral Hepatitis Elimination by 2030. 
This goal targets a 90% reduction in the incidence of chronic 
viral hepatitis and 65% reduction in liver-related mortality due to 
chronic HBV and HCV infection.7 In order to fulfill the goal of 
global hepatitis elimination, most countries will need to improve 
efforts in HBV screening, diagnosis, and treatment.

Barriers to care for HBV patients include lack of patient 
awareness of liver disease and the need for life-long monitor-
ing and treatment in some cases. Many immigrant populations 
with chronic hepatitis B come from highly endemic countries, 
and some do not readily seek health care and may be reluctant 
to start treatment due to cultural, language, and financial barri-
ers. Social stigma remains an important issue for HBV-infected 
persons, who may be embarrassed or fearful of the diagnosis and 
worry about spreading infection to other family members.117-119 
Another barrier to long-term antiviral treatment is the cost of 
therapy for many patients who have limited financial resources. 
In many countries, only a minority of patients has access to 
private medication insurance, and most patients require public 
reimbursement or must pay out of pocket for medications.120 The 
availability of generic antiviral medications has led to significant 
cost savings and improved access to treatment for many patients, 
and low-cost versions of antiviral medications will reduce the need 
to import drugs for personal use from other countries. Language 
barriers may impede efforts in patient education, particularly 
with regard to monitoring of liver disease, the need for treatment, 
and adherence to long-term treatment.121 Strategies to combat 
these impediments include the development of patient-centered 
education programs delivered in the patient’s native language and 
the creation of language-specific peer-support groups. 

indications
Many factors are involved in the decision to start treatment of 
chronic hepatitis B, and the decision is often a difficult one. The 
challenge is to identify persons at risk for the development of 
complications of chronic hepatitis B. Key factors to be consid-
ered include high serum HBV DNA levels, elevated serum ALT 
levels, and evidence of advanced hepatic fibrosis or cirrhosis.122 
Other important factors include the patient’s HBeAg status, HBV 
genotype, age, and medical comorbidities. Before starting long-
term antiviral therapy, the patient must be able to afford and be 
willing to take long-term treatment. For many, treatment may be 
of indefinite duration, and they must therefore adhere to lifelong 
monitoring with serial blood samples and periodic abdominal US.

HBV DNA
Several large, long-term prospective studies have correlated serum 
HBV DNA levels at recruitment with clinical outcomes.123-125 
These studies have each concluded that the risks of developing 
cirrhosis and HCC and of liver-related mortality increase with 
higher serum HBV DNA levels at recruitment and with per-
sistence of high HBV DNA levels during follow-up. Typical 
patients in these studies were middle-aged Asian men who were 
HBeAg-negative, and the proportion of patients under age 30 
was small. Therefore, in HBeAg-negative patients over age 30, 
the serum HBV DNA level is a good predictor of adverse out-
comes. This may also be true in older HBeAg-positive patients, 
but the findings do not apply to younger HBeAg-positive patients 
with normal serum ALT levels. 

ALT
Many studies have shown a correlation between serum ALT 
levels and outcome, but the association was not as strong as for 
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serum HBV DNA levels. In particular, patients with a serum ALT 
level within the normal range were also at risk for the develop-
ment of cirrhosis and HCC if the serum HBV DNA concentra-
tion was higher than 104 copies/mL (≈2000 IU/mL). The serum 
ALT level is an imperfect marker of liver disease in persons with 
chronic hepatitis B. Several studies from East Asia have clearly 
demonstrated that higher serum ALT levels correlate with worse 
liver disease outcomes.126,127 In a study from Hong Kong of 3233 
untreated patients with HBV infection, those with normal and 
even subnormal serum ALT levels were found to have the lowest 
risk of HBV-related complications.126 These and other studies 
suggest that the ULN for serum ALT used in many laboratories 
may be too high for carriers of chronic hepatitis B. Therefore, 
the 2018 AASLD guidance for chronic hepatitis B endorses the 
ULN for serum ALT of 35 and 25 U/L for males and females, 
respectively.108 HBV-infected patients with normal or near nor-
mal serum ALT levels may still be at risk for significant liver dis-
ease progression and may warrant treatment. 

Liver Fibrosis
In order to reduce overtreating patients who may be at lower 
risk of developing significant liver disease, other markers of sig-
nificant liver disease should be assessed prior to starting therapy. 
Approaches can include noninvasive markers of fibrosis such 
as transient or ultrasound elastography or serum-based fibrosis 
markers (e.g., FibroSure, FIB-4, APRI, ELF [Enhanced Liver 
Fibrosis] score) (see Chapters 74 and 80) or liver biopsy evidence 
of at least more than mild fibrosis and/or inflammation. For 
example, a liver stiffness score of greater than 10 kPa on transient 
elastography has been correlated with cirrhosis in HBV-infected 
patients, and a FibroTest (FibroSure) score greater than 0.8 is 
thought be a marker of advanced fibrosis (>stage 3 fibrosis).128,129 
Transient mild serum ALT elevations may not be associated 
with significant disease, but persistent or prolonged serum ALT 
 elevations for more than 3 to 6 months are more likely to be 
associated with significant liver injury. Therefore, some form of 
fibrosis assessment in patients with normal serum ALT levels is 
necessary to determine the presence of hepatic fibrosis to make 
an informed treatment decision.

For both HBeAg-positive and HBeAg-negative patients, 
treatment should be considered when the HBV DNA is higher 

than 2000 IU/mL. Older studies suggested that progressive liver 
damage occurs once the serum HBV DNA level increases above 
a level of approximately 2000 IU/mL.130,131 Although liver injury 
is uncommon if the serum HBV DNA level is below 2000 IU/
mL, some patients may have HBV-induced liver disease at low 
viral loads. In this setting, liver biopsy may be needed to exclude 
an alternative diagnosis and to confirm viral-induced liver injury. 
Table 79.1 shows the differential diagnosis of an elevated serum 
ALT level in patients known to have chronic hepatitis B. Further-
more, serum HBV DNA levels may fluctuate, so that repeated 
measurements are required. A serum HBV DNA level greater 
than 2000 IU/mL accompanied by an elevated serum ALT level 
in an HBeAg-negative chronic hepatitis B patient and warrants 
treatment; this form of chronic hepatitis B is associated with 
more advanced liver disease and rarely remits completely. 

Timing
Young adults who are HBeAg-positive usually have high viral 
loads (>107 IU/mL), with variable serum ALT levels.132,133 These 
patients usually have no or minimal liver disease on liver biopsy 
specimens. Those who have elevated ALT levels may not require 
immediate treatment because they may undergo spontaneous 
HBeAg seroconversion. It is often difficult to predict, however, 
which individuals will lose HBeAg with remission of disease prior 
to the development of significant liver injury. HBeAg-positive 
patients with a normal serum ALT level and high viral load 
(immune tolerant phase, or HBeAg-positive chronic infection) 
generally do not warrant treatment but instead should undergo 
regular monitoring as per current treatment guidelines. Figure 
79.6 provides an algorithm for identifying individual patients 
who require antiviral treatment.

Treatment guidelines vary in their ALT and HBV DNA thresh-
olds for initiation of antiviral therapy.108–110 The AASLD recom-
mends starting therapy when the serum ALT level is persistently 
above 2× ULN (ULN, 35 U/L for men and 25 U/L for women), 
whereas other guidelines recommend therapy when the serum 
ALT level is greater than 1× ULN. Serum HBV DNA levels above 
2000 IU/mL are thought to be associated with progression of liver 
disease and serve as the threshold to start therapy, according to 
European Association for the Study of Liver Disease guidelines. 
Although liver biopsy is not mandatory to stage fibrosis, treatment 

Fig. 79.6 Algorithm for the selection of pa-
tients with chronic hepatitis B for antiviral 
therapy. Indications for antiviral treat-
ment include persistently elevated serum 
ALT levels greater than the ULN, serum 
HBV DNA levels greater than or equal to 
2000 IU/mL, and some degree of hepatic 
fibrosis. For patients who have normal 
serum ALT levels or HBV DNA levels less 
than 2000 IU/mL, additional assessment, 
including liver biopsy, to exclude other 
causes of liver disease may be neces-
sary. *First-line agents for HBeAg-positive 
patients: PegIFN, TDF, TAF, or enteca-
vir; first-line agents for HBeAg-negative 
patients: TDF, TAF, or entecavir. HBeAg, 
hepatitis B e antigen; PegIFN, pegylated 
interferon; TAF, tenofovir alafenamide; TDF, 
tenofovir disoproxil fumarate.

HBsAg-positive
HBeAg-positive or negative

Serum HBV DNA <2000 IU/mL

Serum ALT normal Serum ALT normal

Monitor every 3
mo.

Assess for
hepatic fibrosis
(liver biopsy,
elastography)
and treat* if

significant fibrosis

Treat*

Serum ALT
elevated for 3-6

mo
Evidence of

hepatic fibrosis

Serum ALT elevated
for 3-6 mo

Exclude other
causes of liver

disease

No treatment
Monitor every 3

mo with
serum ALT

and HBV DNA

Serum HBV DNA ≥2000 IU/mL
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is recommended in those with more than mild hepatic fibrosis 
(>stage 2 fibrosis by METAVIR [see Chapters 74 and 80]). Non-
invasive assessment of fibrosis, such as transient elastography, MR 
elastography, or serum markers of fibrosis, may be helpful when 
liver biopsy is either not possible or contraindicated (see earlier).134

In summary, the decision to treat requires consideration 
of several factors: the patient’s age, serum HBV DNA levels, 
HBeAg status, and evidence of significant liver disease in the 
form of  persistent or intermittent elevation of the serum ALT 
level,  significant hepatic fibrosis or inflammation on a liver biopsy 
specimen, or evidence of significant hepatic fibrosis on nonin-
vasive assessment. Ultimately, patient adherence to therapy and 
follow-up will have a major impact on the success of antiviral 
treatment for chronic hepatitis B. 

drugs
The latest generation of nucleos(t)ide analogs—TDF, TAF, and 
entecavir—are highly potent and have a high genetic barrier to resis-
tance. They are effective when used as monotherapy in both HBeAg-
positive or HBeAg-negative patients. In most treatment guidelines, 
TDF, TAF, entecavir, and PegIFN are recommended as first-line 
treatment options.108–110 However, in resource- constrained regions 
of the world, less preferable agents such lamivudine and adefovir  
are often used due to their lower cost and availability.

PegIFN and nucleos(t)ide analogs each have advantages and 
disadvantages that should be considered when making a treat-
ment decision, as outlined in Table 79.4. One major advantage of 
PegIFN is that treatment duration is limited to 6 to 12 months, 
and virologic responses tend to be quite durable, especially in 
patients with HBeAg-positive hepatitis B.135,136 However, the 
drug must be administered subcutaneously and has been associ-
ated with unpleasant side effects. The shorter duration of treat-
ment is an important factor for younger patients of childbearing 
potential who wish to be medication-free during the family 
planning years. Table 79.5 illustrates the relative potency of the 
different antiviral agents from various clinical trials in a non-
head-to-head comparison. 

Nucleoside and Nucleotide Analogs
Nucleos(t)ide analogs have become the standard of care for 
treatment of most patients with treatment-naïve and treat-
ment-experienced chronic hepatitis B. The lack of side effects 
and high efficacy of first-line agents such as TDF, TAF, and 
entecavir make them particularly attractive. Approximately 
70% and 95% HBeAg-positive and HBeAg-negative patients, 
respectively, will achieve undetectable HBV DNA during the 
first year of treatment with TDF.137 Virologic responses pro-
gressively increase with longer duration of therapy, although 

table 79.5 Results of First-Line Therapies for Treatment-Naïve Patients with Chronic Hepatitis B After 1 Year of Treatment

HBeAg-Positive Chronic Hepatitis B (Immune Active Phase)

outcome (%) pegiFn-α* etV tDF taF

Viral suppression 32 (<4 log IU/mL) 67 (<60 IU/mL) 66 (<60 IU/mL) 64 (<29 IU/mL)

HBeAg loss 34 22 21 14

ALT normalization 41 68 68 72

Histologic response 49 72 74 N/A

HBsAg loss 3 2 3 1

HBeAg-Negative Chronic Hepatitis B (Reactivation Phase)

outcome (%) pegiFn-α etV tDF taF

Viral suppression 43 (<3 log IU/mL) 90 (<60 IU/mL) 71 (<60 IU/mL) 94 (<29 IU/mL)

ALT normalization 59 78 76 83

Histologic response 55 70 72 N/A

HBsAg loss 4 <1 0 0
  

*End of follow-up at 24 wk post treatment
ETV, entecavir; N/A, not available, PegIFN, pegylated interferon; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
  

table 79.4 Advantages and Disadvantages of Pegylated Interferon-α (PegIFN-α) Compared with Nucleos(t)ide Analog Therapy

agent advantages Disadvantages

PegIFN-α Finite duration of treatment (6-12 mo)
Immunomodulatory and antiviral properties
Higher rate of HBsAg loss or seroconversion 

compared withnucleos(t)ide analogs
Durable off-treatment response
Lack of known resistance mutations

Subcutaneous injection
Frequent unpleasant side effects
Loss of HBsAg in only a small minority of patients depending on HBV genotype
Potential risk of ALT flares in patients with advanced liver fibrosis
Contraindicated in advanced/decompensated cirrhosis, uncontrolled 

autoimmune disease, and mood disorders
Relative contraindication in older patients and those with comorbid illnesses
High cost of therapy

Nucleos(t)ide analogs Excellent long-term safety
Convenient oral administration
Potent and rapid viral inhibition
Negligible risk of antiviral resistance among 

treatment-naïve patients receiving first-line 
therapy (entecavir or tenofovir)

Slight risk of nephropathy with nucleotide analogs (adefovir, tenofovir)
Antiviral resistance with low–genetic barrier drugs (lamivudine, telbivudine)
Long-term/indefinite duration of treatment needed for both HBeAg-positive and 

HBeAg-negative patients
High cost of therapy (over many years)

  

HBsAg, hepatitis B surface antigen.
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a small minority of patients may have persistently low-level 
viremia or viral “blips” after several years of continuous ther-
apy.138 The most likely explanation for these occurrences is 
nonadherence to long-term therapy, which occurs in at least 
10% to 15% of patients.139,140 The serum HBV DNA level 
usually declines with education of the patient on the impor-
tance of adherence to treatment. Antiviral resistance is dis-
tinctly uncommon with TDF, TAF, and entecavir. In fact, 
no antiviral-resistant mutation has been identified in patients 
on TDF after 7 years of treatment.141 Table 79.6 highlights 
first-line nucleos(t)ide analog therapy in a number of clinical  
situations.

Lamivudine
Lamivudine was the first HBV antiviral agent to be approved for 
use. It has an excellent long-term safety record and relatively high 
antiviral potency. Its major disadvantage is the rapid develop-
ment of mutations in the YMDD (tyrosine-methionine-aspartic  
acid-aspartic acid) active site of the HBV polymerase: 20% in 
year 1, 35% in year 2, and greater than 75% in year 4.142,143 For 
this reason, lamivudine is no longer recommended as first-line 
therapy for most patients; however, it is still used widely in the 
Asia-Pacific region.144 There are some clinical settings in which 
short-term treatment with lamivudine may still be acceptable, 
such as inactive HBV disease in patients undergoing cancer che-
motherapy or prevention of mother-to-child transmission of 
HBV during pregnancy. 

Adefovir Dipivoxil
Adefovir is a nucleotide analog with antiviral activity against 
both wild-type and lamivudine-resistant HBV. Due to its lim-
ited potency, primary treatment failure was observed in 30% 
of patients.145 Reversible nephrotoxicity was reported in about 
one third of patients after only 1 year of treatment. Moreover, 
reverse transcriptase (rt) mutations causing resistance to adefo-
vir (rtA181V/T or rtN236T) were documented in nearly 30% of 
patients by the end of 5 years of continuous therapy.146 For these 
reasons, adefovir is not recommended for treatment of HBV 
infection. Side effects of adefovir include reversible nephrotoxic-
ity and, rarely, Fanconi syndrome. 

Emtricitabine
Structurally similar to lamivudine, emtricitabine also inhib-
its HBV DNA polymerase and HIV reverse transcriptase. 
Emtricitabine is not FDA-approved for use in hepatitis B but 
is approved in a combined tablet with tenofovir for HIV infec-
tion. Due to its structural similarity to lamivudine, it is cross-
resistant and is not an option for lamivudine-resistant salvage 
therapy.147 

Entecavir
Entecavir is a guanosine analog that is more potent than lamivu-
dine and has a very high genetic barrier to resistance, requiring  
2 to 3 additional HBV polymerase mutations superimposed on the 
backbone of a preexisting lamivudine-resistant mutation. Entecavir 
resistance was found in only 2% of treatment-naïve patients dur-
ing 5 years of continuous treatment, as opposed to greater than 
50% in lamivudine-refractory patients.148,149 Entecavir at a dose of 
0.5 mg daily is recommended in treatment-naïve patients, whereas 
a dose of 1 mg is prescribed in patients who have lamivudine- 
resistant HBV infection; however, entecavir is not the preferred 
option for lamivudine-resistant HBV due to risk for the long-term 
development of entecavir resistance. TDF is preferred for the 
treatment of lamivudine-resistant HBV due to its nonoverlapping 
resistance profile.108–110

In a long-term real-world cohort study of Chinese patients 
treated with entecavir, 99% of patients maintained suppres-
sion of serum HBV DNA, 98% normalized serum ALT levels, 
and 82% achieved HBeAg seroconversion.150 Resistance to 
entecavir was reported in only 1% of patients during long-
term follow-up. Although only 2% to 3% patients lost HBsAg, 
predictors of HBsAg loss included baseline quantitative 
HBsAg levels less than 100 IU/mL and on-treatment annual 
HBsAg decline of greater than 0.2 log IU/mL. Entecavir is 
safe and well tolerated with rare side effects, which include 
lactic acidosis. 

Telbivudine
Telbivudine is a nucleoside analog that is more potent than lami-
vudine in both HBeAg-positive and HBeAg-negative patients.151 
Unfortunately, genotypic resistance was found in 5% and 11% of 

table 79.6 Choice of Nucleoside or Nucleotide Analog for HBV Infection

clinical situation First-line therapy second-line therapy comment

Treatment-naïve Entecavir or TDF or TAF Telbivudine Discontinue telbivudine if HBV DNA is still detected in 
serum at wk 24

Prior lamivudine or telbivudine 
exposure

Switch to TDF or TAF Entecavir Entecavir resistance is facilitated by resistance to either 
lamivudine or telbivudine

Proved lamivudine resistance Switch to TDF or TAF Add adefovir* Addition of adefovir late in the course may not control 
viral replication

Proved adefovir resistance Switch to entecavir TDF or TAF Adefovir-resistance reduces susceptibility to TDF

Primary drug failure with both 
lamivudine and adefovir†

Switch to TDF or TAF or 
entecavir

Telbivudine Suspect nonadherence if lamivudine had been used; 
see telbivudine precaution above

Proved entecavir resistance Switch to TDF or TAF Add adefovir* —

Proved telbivudine resistance Switch to TDF or TAF Add adefovir* —

Persistent low-level viremia during 
treatment with high–genetic 
barrier drug

Continue TDF, TAF, or entecavir 
or switch to one of the 
others

None Nonadherence should be considered; resistance 
testing may be necessary

Treatment-naïve, reduced GFR  
(<60 mL/min)

Entecavir or TAF Telbivudine See telbivudine precaution above

  

*Whenever a high–genetic barrier drug option is not available.
†See text for definition of primary drug failure.
GFR, Glomerular filtration rate; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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patients after 1 and 2 years of telbivudine, respectively, demon-
strating a resistance profile that was only slightly better than that 
of lamivudine.152 Due to cross-resistance with lamivudine, it can-
not be used as salvage therapy in this setting. Telbivudine is not a 
preferred treatment for HBV infection in North America because 
of the high rate of resistance and the side effect of myopathy in 
20% to 30% of patients. 

Tenofovir Disoproxil Fumarate
TDF is a nucleotide analog inhibitor of reverse transcriptase 
similar to adefovir, but it is significantly more potent, as shown 
in randomized clinical studies. TDF has demonstrated efficacy 
in patients with treatment-naïve HBeAg-positive and HBeAg-
negative chronic hepatitis B.137 Large phase 3 studies reported 
that HBV DNA suppression to less than 69 IU/mL was 
achieved in over 99% of HBeAg-positive and -negative patients 
after 7 years. Serum ALT normalization occurred in 80% of 
patients, HBeAg loss was reported in 59% of HBeAg-positive 
patients, and HBsAg loss occurred in 12% of patients after 7 
years.141 At the end of 5 years of treatment, 80% of patients 
had improvement in liver histology.153 Seventy-five percent of 
patients with cirrhosis at baseline had at least a 2-point reduc-
tion in Ishak fibrosis score after long-term TDF therapy. 
Importantly, no confirmed cases of antiviral resistance to TDF 
have been documented after 7-8 years of continuous treat-
ment.154 Interestingly, HBsAg loss occurred in 10% to 15% of 
mainly Caucasian patients during the same period of treatment. 
Predictors of HBsAg loss included a decline in HBsAg levels on 
treatment, HBV genotype A, and a shorter duration of chronic 
infection (<4 years). TDF (or TAF) is recommended in HBV-
HIV coinfection as the backbone of an antiretroviral therapy 
regimen (see later). TDF has been associated with reversible 
nephrotoxicity and hypophosphatemia in up to 2% to 4% 
patients treated with long-term treatment, and, rarely, Fanconi 
syndrome has been reported.155 

Tenofovir Alafenamide
TAF, a novel prodrug of tenofovir, is given at a lower dose (25 
mg daily) than TDF but is delivered more efficiently into hepa-
tocytes. In large phase 3 studies of HBeAg-positive and HBeAg-
negative treatment-naïve patients, TAF was compared with TDF 
for 2 to 3 years, followed by 5 years of open-label TAF.156,157 
Although virologic (HBV DNA <29 IU/mL) and serologic 
responses were similar between the 2 groups, higher rates of 
serum ALT normalization were seen after one year of treatment 
in those randomized to TAF. Importantly, TAF is superior to 
TDF in terms of renal safety as measured by serum creatinine 
and glomerular filtration rate and bone safety as shown by dual-
energy x-ray absorptiometry scans. In patients taking TDF who 
were switched to TAF, not only was viral suppression maintained, 
but also improvement in renal function and bone mineral den-
sity and higher rates of serum ALT normalization were observed 
within 6 to 12 months.158 

Treatment Response and Endpoints
Typically, randomized controlled trials of HBV antiviral therapy 
have defined biochemical, virologic, and histologic endpoints 
at one year (48 weeks) of treatment to evaluate the response. 
Biochemical response is defined as normalization of serum ALT 
levels according to central laboratory values; virologic response 
is defined as undetectable serum HBV DNA; and histologic 
response is a 2-point or greater improvement in the necroin-
flammatory score without worsening fibrosis. Serologic response 
requires HBeAg loss or seroconversion to anti-HBe for HBeAg-
positive patients. The more elusive endpoint is functional cure of 
HBV, defined as loss of serum HBsAg, with or without appear-
ance of anti-HBs, and undetectable serum HBV DNA. Sterilizing 
or virologic cure of HBV requires not only undetectable serum 

HBsAg and HBV DNA but also loss of cccDNA from the hepa-
tocyte nucleus.159

HBeAg seroconversion occurs in only 15% to 20% after 
one year of nucleos(t)ide analog therapy. This rate increases to 
30% in year 2 and plateaus at 40% by year 5.141,152 Treatment 
is continued indefinitely for those who do not achieve HBeAg 
seroconversion, especially for those with underlying cirrhosis, 
because relapse is almost universal in those who discontinue 
therapy before HBeAg loss or seroconversion occurs. Predictors 
of HBeAg seroconversion include pretreatment serum ALT ele-
vation, HBV genotype, and absence of cirrhosis at baseline. For 
patients who lose HBeAg, treatment consolidation is recom-
mended for at least one year after HBeAg first becomes unde-
tectable, because this strategy has been shown to reduce the risk 
of relapse following treatment withdrawal and to maximize the 
durability of the response.108-110 For chronic HBeAg-negative 
patients, long-term or maintenance therapy is recommended 
because relatively high rates of virologic (reappearance of serum 
HBV DNA) and clinical (reappearance of serum HBV DNA in 
association with elevated ALT levels) relapse have been seen 
after treatment withdrawal despite several years of suppressive 
treatment.160 Treatment guidelines recommend continuing 
therapy in these patients until HBsAg loss or seroconversion 
occurs. However, in a small randomized study of tenofovir 
withdrawal in HBeAg-negative noncirrhotic patients, 19% of 
patients who stopped therapy went on to achieve HBsAg loss, 
indicating that there may be a subset of patients who may safely 
stop nucleos(t)ide analog therapy with unexpectedly favorable 
outcomes, particularly in those with profound reductions in 
serum HBsAg levels off therapy.161

Primary nonresponse is defined as a 1 log or less reduction in 
serum HBV DNA levels at 24 weeks of antiviral therapy.162 Based 
on a database of prescription utilization, at least 10% to 15% of 
patients fail to take their medication appropriately and miss one 
or more doses each month.140 Antiviral resistance testing is rec-
ommended for those receiving agents with a low genetic barrier 
to resistance to differentiate between resistance and medication 
nonadherence. Counseling for those found to be nonadherent is 
recommended. For patients not responding to lamivudine or tel-
bivudine at week 24, treatment can be switched to a more potent 
agent such as TDF, TAF, or entecavir (in the absence of lami-
vudine resistance) and the serum HBV DNA level repeated in 3 
months, as suggested by the HBV roadmap concept of response-
guided therapy.163 Primary nonresponse is extremely unusual in 
those receiving high potency agents such as TDF, TAF, or ente-
cavir as the first-line therapy. For those who experience virologic 
breakthrough (increase in serum HBV DNA by 1 log IU/mL 
from nadir) on TDF, switching to entecavir is reasonable (and 
vice versa).108

A small proportion of patients on TDF, TAF, or entecavir 
will have a slower virologic response and remain viremic after the 
first year of treatment. In the TDF registration trials, patients 
who had detectable serum HBV DNA after one year of treatment 
had the option of treatment intensification with emtricitabine 
or continued TDF monotherapy.137 After an additional year 
of treatment, the proportion of patients who achieved a serum 
HBV DNA level less than 69 IU/mL was similar at 70% in both 
groups. Therefore, treatment guidelines recommend continued 
treatment without intensification for patients who have detect-
able HBV DNA in serum after one year of treatment with high–
genetic barrier drugs such as TDF or entecavir. By contrast, for 
those receiving low–genetic barrier drugs such as lamivudine, 
adefovir, or telbivudine, persistent viremia may indicate antiviral 
resistance in treatment-adherent patients. In the setting of per-
sistent viremia on lamivudine or telbivudine, switching to TDF 
or TAF is appropriate, whereas entecavir is a suitable alterna-
tive for those who remain viremic on adefovir, as outlined in  
Table 79.6.108-110 
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Monitoring
Patients who undergo treatment with anucleos(t)ide analog 
should be followed with serial ALT and HBV DNA assessments 
at 3-month intervals until they achieve undetectable serum HBV 
DNA levels. Once serum HBV DNA is undetectable or less than 
10 to 20 IU/mL, follow-up intervals can be extended to every 6 
months for those receiving treatment with a drug of high genetic 
barrier to resistance with demonstrated adherence to therapy. 
Quantitative HBsAg levels, if available, and HBeAg status can be 
measured every 6 months on therapy to detect HBsAg decline 
and HBeAg loss or seroconversion in HBeAg-positive patients. 
Serum creatinine (or glomerular filtration rate) and phosphate 
levels are recommended every 3 to 6 months for those receiving 
treatment with TDF. Bone density assessment using dual-energy 
x-ray absorptiometry scans is not routinely measured in patients 
on TDF, unless the patient has several risk factors for osteopo-
rosis. 

Duration of Therapy
In HBeAg-positive patients, treatment guidelines recommend con-
tinuing treatment for at least 12 months after HBeAg seroconversion 
to minimize the chance of virologic relapse. High rates of relapse 
and reverse seroconversion were reported among patients who did 
not receive an adequate duration of consolidation therapy.164,165

The optimal duration of treatment in HBeAg-negative 
patients is unknown; for most patients, this will mean many years 
of continuous antiviral therapy. Relapse rates are high (>80%) 
among patients who discontinue treatment after only 2 years of 
therapy, and there are no adequate stopping rules in this group 
of patients. Guidelines recommend HBsAg loss as a treatment 
endpoint for HBeAg-negative patients, effectively committing 
many of them to lifelong treatment.32,108-110 However, European 
guidelines suggest that treatment withdrawal may be possible in 
HBeAg-negative patients who have been virally suppressed for 
3 to 4 years on nucleos(t)ide analog therapy.109 Low quantita-
tive HBsAg levels (<100 IU/mL) may be helpful in predicting 
a sustained off-treatment response.166 A small study of HBeAg-
negative noncirrhotic patients who were virally suppressed and 
randomized to stop TDF therapy showed that up to 20% were 
able to lose HBsAg off therapy, compared with no HBsAg loss 
in those who continued TDF, thereby suggesting that treatment 
withdrawal in a subset of patients may be safe and effective.161 

Durability of Response
The durability of response following HBeAg seroconversion 
in HBeAg-positive nucleos(t)ide analog-treated patients is 

approximately 70% at one year post treatment but may drop to 
50% at 3 years post treatment.167 Factors associated with higher 
rates of relapse include a shorter duration of consolidation 
therapy, HBV genotype, baseline HBV DNA levels, and quan-
titative HBsAg levels.164,165 Unfortunately, virologic relapse 
is almost universal in HBeAg-negative patients, and clinical 
relapse (elevated serum HBV DNA levels and ALT flares) rates 
are approximately 50% in HBeAg-negative patients, after treat-
ment discontinuation even after long-term viral suppression.168 
In a study of HBeAg-negative European patients (with mainly 
HBV genotype D infection), a durable response rate greater 
than 60% was reported after treatment withdrawal following 
4 years of tenofovir, suggesting that HBV genotype and treat-
ment duration are important factors that affect the durability of 
response to antiviral therapy.161

HBsAg loss is distinctly uncommon in Asian patients with 
chronic hepatitis B, irrespective of treatment used. In a long-
term study of tenofovir versus adefovir for HBeAg-positive and 
HBeAg-negative patients, 15% of Caucasian patients compared 
with 0% of Asians experienced HBsAg loss.137 Similarly, a real-
world study of 222 patients with chronic hepatitis B in Hong 
Kong treated with continuous entecavir for 7 years reported a 
2.5% cumulative rate of HBsAg loss, suggesting that long-term 
treatment is necessary for the majority of Asian patients with 
chronic hepatitis B.150 

Antiviral Resistance
Antiviral resistance in HBV infection has become a minor issue 
owing to use of agents with a high barrier to resistance such as 
TDF, TAF, and entecavir. However, lamivudine-resistant HBV 
is common in some countries, and a working knowledge of anti-
viral resistance mutations and resistance profiles is required to 
properly select initial and salvage therapies. When genotypic 
resistance develops, particularly to lamivudine, secondary muta-
tions may occur that may reduce susceptibility to other antiviral 
agents.169 Table 79.7 summarizes specific HBV polymerase resis-
tance mutations, rates of resistance, and management strategies 
for patients with resistance to common nucleos(t)ide analogs in 
current use. 

Testing Monitoring for antiviral resistance requires regular 
assessment of serum HBV DNA levels. Resistance is suspected 
when a rise in the HBV DNA level by at least1 log IU/mL occurs 
in a treatment-adherent patient. Genotypic resistance can be 
confirmed by various methods, such as population sequencing, 
reverse hybridization, clonal analysis, and ultradeep sequencing 
methods. Common polymerase mutations known to confer 

table 79.7 Characteristics of Antiviral-Resistant HBV Infection

characteristic

Nucleos(t)ide Analog to Which HBV is Resistant

lamivudine adefovir entecavir telbivudine tDF/taF

Reverse transcriptase 
(rt) mutations

rtL180M ±
rtM204V/I

rtA181V/T ±
rtN236T

rtL180M ±
rtM204V/I ±
rtS202I
rtM250V

rtL180M ±
rtM204V/I

None known

Rate of resistance Yr 1: 20%
Yr 4: 75%

Yr 1: 9%
Yr 3: 30%

Yr 1: 0%
Yr 3: 1%

Yr 1: 10%
Yr 2: 25%

Yr 1: 0%†

Yr 8: 0%†

Overlapping 
resistance to other 
drugs

Emtricitabine
Telbivudine
Entecavir

Tenofovir* Lamivudine
Emtricitabine
Telbivudine

Lamivudine
Telbivudine
Entecavir

None

Drug(s) to switch to TDF or TAF Entecavir, TDF, or TAF TDF or TAF TDF or TAF Entecavir
  

*Partial resistance to TDF.
†Resistance rates for TDF. No resistance to TAF was reported at 2 years.
TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.
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resistance can be detected by a commercially available reverse 
hybridization assay (InnoLipa, Innogenetics, Belgium). This 
method can detect drug-resistant HBV that constitutes at least 
10% of the viral population.170 Ultradeep sequencing has a 
greater sensitivity and detects minor variants that constitute less 
than 1% of the total HBV quasispecies.171 

Clinical Outcomes Adverse clinical outcomes have been 
reported in patients in whom antiviral resistance develops. There 
is considerable evidence that the benefits of viral suppression are 
lost when resistance occurs.172,173 Acute flares of hepatitis related 
to lamivudine- or adefovir-resistant HBV infection can occur, 
and these flares may be fatal, particularly in cirrhotic patients. 
Therefore, the development of resistance to antiviral agents is a 
strong indication to change therapy. Early detection of antiviral 
resistance is important to avoid ALT flares and decompensation 
of liver disease. Table 79.7 shows the substitutions in the HBV 
polymerase gene that are associated with resistance to various 
agents.174 

Lamivudine Resistance Resistance to lamivudine mono-
therapy occurs commonly: 15% to 20% at year 1, 30% at year 
2, 50% at year 3, and greater than or equal to 75% at year 
4.143 Adverse clinical outcomes such as loss of initial response, 
reduced HBeAg seroconversion, hepatic decompensation, and 
death have been reported in patients in whom lamivudine re-
sistance develops; however, many of the relevant studies were 
performed before effective salvage therapy such as tenofo-
vir was available. A randomized study of 280 patients with 
chronic HBV with documented lamivudine-resistant mutations 
(rtL180M ± rtM204V/I) compared TDF versus TDF plus em-
tricitabine (Truvada) for 5 years.175 Patients had received a 
mean of 4 years of lamivudine prior to enrollment, and 10% 
had evidence of cirrhosis. Rates of virologic suppression were 
identical between the 2 groups (83%), and the rate of HBeAg 
seroconversion was relatively low (15%) after 5 years. HBsAg 
loss or seroconversion was observed in only 7 patients. Data 
from this study and others suggest that there is no benefit to 
combination antiviral treatment compared with TDF mono-
therapy and that TDF is the treatment of choice for lamivu-
dine-resistant HBV infection. 

Entecavir Resistance Entecavir resistance requires a lami-
vudine-resistant backbone (YMDD mutation, see earlier). The 
YMDD mutation alone decreases entecavir potency but is not 
sufficient to produce resistance. Nevertheless, in the presence 
of mutations rtM204V and rtL180M, one or more additional 
mutations (rt169T, rtT184G, rtS202I, rtM250V) are able to 
confer resistance to entecavir.176 In the registration studies of 
entecavir in lamivudine-resistant patients, entecavir resistance 
mutations were detected in a small proportion of patients at 
baseline prior to the introduction of entecavir. As a result, ge-
notypic resistance was identified in 7% and viral breakthrough 
in 1.6% patients at the end of the first year of therapy.148 This 
rate increased to more than 30% at the end of the third year of 
therapy. By contrast, in nucleoside-naïve subjects, resistance to 
entecavir occurred in only 1% patients after 3 years.177 There-
fore, preexisting lamivudine-resistant entecavir-treated patients 
are at risk of developing resistance to entecavir, and, for this 
reason, entecavir should not be used to rescue patients with 
lamivudine-resistant HBV.

In a small study of patients in South Korea with lamivudine 
and entecavir resistance, TDF demonstrated similar efficacy 
compared with TDF plus entecavir, with serum HBV DNA 
levels less than 15 IU/mL in 71% and 73% of patients, respec-
tively.178 Therefore, entecavir resistance can be salvaged by TDF 
and most likely also by TAF. 

Tenofovir Resistance To date, there have been no confirmed 
cases of TDF or TAF resistance in HBV monoinfected patients 
after 7-8 years of continuous TDF and 2 years of TAF therapy.154 
In fact, there is no known signature HBV polymerase mutation 

for tenofovir. A case report documented an rtA194T substitution 
in an HBV-HIV coinfected patient, but the clinical significance 
of this mutation in HBV monoinfected patients is unclear. In 
registration trials of TDF, among 4% of patients who did not 
achieve undetectable HBV DNA levels, population sequencing 
failed to reveal any conserved site changes, although resistance 
surveillance is ongoing.137

Although TAF has not been formally studied in antiviral-resis-
tant patients in a dedicated study, a small number of patients in 
the registration studies were found to have lamivudine, adefovir, 
or entecavir-resistant mutation at baseline. The response to TAF 
compared with TDF was similar. Based on in vitro studies and 
case reports, TAF is expected to have significant activity against 
common antiviral-resistant mutations. One case report has sug-
gested that TAF is a suitable alternative to TDF for multidrug-
resistant HBV infection.179 

Multidrug Resistance The most common form of multidrug 
resistance in clinical practice is lamivudine and adefovir resistance 
(rtM204V/I + rtN236T or rtA181T/V), because this combination 
of agents has been available for the longest time. In a small study 
of lamivudine-resistant HBV-infected patients with persistent 
viremia on adefovir, 95% achieved rapid viral suppression using 
TDF as salvage therapy.180 In a case report, a patient with 
multidrug resistance was rescued with TAF, which led to virologic 
suppression within 6 months.179 In a study of entecavir and/or 
adefovir-resistant HBV-infected patients, virologic suppression 
was found in the vast majority of those who received a TDF-
based rescue regimen,178 and no resistance mutation to TDF 
was detected over the 3-year period. Taken together, these data 
suggest that TDF or TAF is safe and effective for the treatment of 
multidrug-resistant HBV infection. 

Interferon-alpha (IFN-a)
IFN-α has antiviral and immunomodulatory properties and may 
induce long-term immunologic control. Potential advantages of 
IFN compared with nucleos(t)ide analogs include a finite dura-
tion therapy and lack of antiviral resistance.136 On the other hand, 
major disadvantages include unpleasant systemic side effects 
(fatigue, fever, chills, depression, cytopenias) and the route of 
administration (subcutaneous injection).

PegIFN-α has supplanted standard IFN in clinical practice 
because of its once-weekly dosing schedule and evidence of at 
least equal efficacy.181 PegIFN is approved by the FDA for both 
HBeAg-positive and HBeAg-negative chronic hepatitis B for 
48 weeks in a dose of 180 μg weekly. IFN is contraindicated in 
pregnant women and in patients with decompensated cirrhosis, 
although fully compensated cirrhotic patients (normal liver syn-
thetic function and no evidence of portal hypertension) may be 
considered for treatment.

HBeAg-Positive Chronic Hepatitis B
HBeAg seroconversion occurs in 25% to 40% of IFN-treated 
patients.135,182 In long-term follow-up studies of up to 8 years, 
the durability of IFN-induced HBeAg seroconversion has 
been high (70% to 80%).183-185 However, HBsAg clearance 
occurs in only 5% to 7% patients.135 IFN-induced HBeAg 
seroconversion is associated with improved overall and com-
plication-free survival.186-189 Several reports have demon-
strated that the frequency of HCC is reduced in IFN-treated 
patients. 

HBeAg-negative Chronic Hepatitis B
PegIFN-α with or without lamivudine for 48 weeks was effective 
in HBeAg-negative patients.190 Suppression of serum HBV DNA 
levels to less than 400 copies/mL (80 IU/mL) at the end of treat-
ment was achieved in 63% of PegIFN-treated patients, whereas 
only 19% had durable viral suppression 24 weeks after stopping 
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therapy. The combined endpoint of serum ALT normalization 
and a serum HBV DNA level less than 20,000 copies/mL (∼4000 
IU/mL) was achieved in 36% of the PegIFN-treated group at 
24 weeks of follow-up. HBsAg loss was reported in only 4% of 
patients at week 72. 

Treatment Endpoints and Durability
A composite endpoint of HBeAg loss and low serum HBV DNA 
(<20,000 IU/mL) level was used in the definition of a sustained 
virologic response in several trials of PegIFN, because undetect-
able HBV DNA occurs less frequently with IFN-based therapy 
than with nucleos(t)ide analog therapy.189,190 The durability of 
the response to PegIFN is related to heightened immune con-
trol of HBV infection and is estimated to be approximately 80% 
of HBeAg-positive patients when evaluated many years later.135 
Unfortunately, a sustained response to IFN has been reported in 
only 20% to 30% of the HBeAg-negative patients.191 

Predictors of Response and Stopping Rules
Given the modest response rates and potential systemic side 
effects associated with PegIFN, predictors of response are 
needed in order to select optimal treatment candidates. In addi-
tion, robust stopping rules limit therapy in those unlikely to 
respond and reduce the potential for side effects. Predictors of 
nonresponse to PegIFN include high viral loads (serum HBV 
DNA >2×107 IU/mL), low serum ALT (<2 × the ULN), age over 
40 years, male gender, and presence of cirrhosis. HBV geno-
types C and D compared with A and B are associated with lower 
rates of HBeAg seroconversion. Quantitative HBsAg levels on 
treatment have been shown to be an on-treatment predictor of 
response to PegIFN. In a study of over 800 HBeAg-positive 
patients, a serum HBsAg level greater than 20,000 IU/mL at 
week 24 of PegIFN was associated with a 99% negative pre-
dictive value for response (defined as HBeAg loss with a serum 
HBV DNA level <2000 IU/mL) and is a criterion for discon-
tinuation of therapy.192 

Peginterferon Plus Nucleos(t)ide Analogs
Various combinations of PegIFN plus nucleos(t)ide analogs 
have been studied in which both agents were started simultane-
ously or PegIFN was added in patients who were virally sup-
pressed on nucleos(t)ide analog therapy or a switch to PegIFN 
from nucleos(t)ide analog therapy was made.189,190 In a large 
study, over 700 HBeAg-positive or negative noncirrhotic 
patients were randomized to receive PegIFN-α2a (180 μg/week, 
subcutaneously) of 2 different durations: TDF plus PegIFN for 
48 weeks or TDF alone for 120 weeks or PegIFN alone for 48 
weeks.116 HBsAg loss at week 72 was achieved in 9% of subjects 
who received combination therapy, which was statistically sig-
nificantly higher than the 3% with PegIFN monotherapy and 
0% with TDF patients. Although HBsAg loss in the combina-
tion group was the highest in genotype A patients, a decline in 
serum HBsAg levels greater than 3.5 log IU/mL at week 24 was 
associated with a positive predictive value of 85% and a negative 
predictive value of 99% for HBsAg loss at week 72, suggesting 
the utility of these parameters as stopping rules for combination 
PegIFN plus nucleos(t)ide analog therapy. Based on this study, 
combination therapy of PegIFN and nucleos(t)ide analogs can-
not be recommended in general clinical practice. 

Nucleos(t)ide Analog Combinations
Combination oral nucleos(t)ide analog therapy has been inves-
tigated in a number of studies in order to explore the potential 
for improved virologic and/or biochemical outcomes compared 
wtih monotherapy. In a single-center study in which combi-
nation lamivudine plus adefovir was compared with lamivu-
dine alone, no difference in HBV DNA suppression, HBeAg 

seroconversion, or serum ALT normalization was observed.193 
However, resistance to lamivudine was significantly lower in the 
combination group compared with monotherapy. In another 
study, combination lamivudine plus telbivudine was less effec-
tive than telbivudine alone for all endpoints,194 possibly due to 
antiviral antagonism.

In a large randomized open-label, multicenter study of ente-
cavir plus TDF compared with entecavir alone, nucleos(t)ide 
analog-naïve patients were randomized by HBeAg status to com-
bination therapy versus monotherapy.195 A similar proportion of 
individuals achieved the primary endpoint of a serum HBV DNA 
level less than 50 IU/mL at week 96 in the entecavir plus TDF 
arm and the entecavir alone arm (83.2% vs. 76.4%). However, in 
the subset of HBeAg-positive patients with a baseline HBV DNA 
level greater than 8 log10IU/mL, a greater proportion of those 
treated with combination therapy achieved a serum HBV DNA 
level less than 50 IU/mL at week 96. Rates of HBeAg loss were 
similar in the 2 treatment groups. No difference in the overall 
low rates of HBsAg loss was observed.

In another study, combination antiviral treatment using 
TDF plus emtricitabine compared with TDF alone for 192 
weeks was used to treat HBeAg-positive patients with a high 
viral load and normal serum ALT levels (immune tolerant).196 
Seventy-six percent of patients in the TDF plus emtricitabine 
group achieved a serum HBV DNA level less than 69 IU/mL 
at week 192 versus 55% in the TDF group (P = 0.016). How-
ever, only 3 patients experienced HBeAg seroconversion, all 
in the TDF group, and no HBsAg loss occurred during the 
study. This study clearly demonstrated that antiviral treat-
ment in immune tolerant patients led to a lower than expected 
rate of HBeAg seroconversion, and its findings support the 
notion that these patients should be observed rather than 
receive immediate nucleos(t)ide analog therapy. Future long-
term studies in large populations should demonstrate whether 
treating immune–tolerant patients will eventually reduce the 
frequency of liver cirrhosis or HCC.

Taken together, these data demonstrate no convincing ben-
efit of combination compared with nucleos(t)ide analog mono-
therapy for routine use in patients with chronic hepatitis B. 
Nevertheless, combination nucleos(t)ide analog therapy remains 
a consideration if only antiviral agents with a low genetic barrier 
to resistance are available. 

Special populations
Special populations of HBV-infected patients include pregnant 
carriers, those with severe acute exacerbations of HBV infection, 
compensated and decompensated cirrhotic patients, and those 
with viral coinfection (HIV, HCV, and HDV).

Pregnant Women
Mother-to-child transmission of HBV remains the most 
important route of HBV transmission in endemic countries.197 
Therefore, all pregnant women should undergo screening for 
HBV in the first trimester of pregnancy. The highest risk period 
for HBV transmission is thought to occur intrapartum, although 
intrauterine transmission may also occur. Pregnant women found 
to be HBsAg-positive will require further testing, including full 
HBV serology, serum HBV DNA, and liver biochemical tests. 
Infants born to HBsAg-positive mothers must receive immuno-
prophylaxis with HBIG and the first dose of HBV vaccine within 
12 hours of birth. The remaining doses of the HBV vaccine are 
given to the infant at 2 and 6 months of age (see later). Testing 
for immunity (anti-HBs) in the infant can be performed after the 
age of 9 to 12 months. Failure of immunoprophylaxis has been 
reported in up to 10% to 30% of women who are highly viremic 
during pregnancy.198,199
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For women who become pregnant on nucleos(t)ide analog 
therapy, treatment is continued throughout the pregnancy pro-
vided the patient is receiving TDF, telbivudine, or lamivudine. 
The safety of other agents such as entecavir and adefovir has not 
been established, so women of childbearing age who are contem-
plating pregnancy, especially in those who cannot discontinue 
therapy with these regimens (advanced liver disease or HBeAg-
positive without seroconversion) should be switched to safer 
agents. An algorithm for the management of HBV during preg-
nancy is illustrated in Figure 79.7.

Highly viremic mothers with a serum HBV DNA level greater 
than 200,000 IU/mL should receive antiviral prophylaxis early in 
the third trimester of pregnancy starting at week 30 to 32 with 
nucleos(t)ide analogs that are safe in pregnancy (TDF, telbivu-
dine, or lamivudine).108-110 Treatment may be continued until the 
day of delivery or up to one month postpartum. Antiviral pro-
phylaxis in pregnancy combined with immunoprophylaxis of the 
newborn has been shown to reduce the risk of viral transmission 
from mother to child from approximately 10% with immuno-
prophylaxis alone to 0%. In a randomized study performed in 
China, TDF starting at week 32 until one month postpartum was 
compared with placebo in a group of 200 mother-baby pairs. All 
infants received standard of care HBIG and HBV vaccination.199 
TDF was generally well tolerated during pregnancy and mother-
to-child transmission was significantly lower in the TDF group 
(0% vs. 7%). In another study, immunoprophylaxis was admin-
istered within one hour of birth, and a total of 4 doses of HBV 
vaccine were given. With this intensive regimen, which cannot 
practically be initiated in most clinical settings internationally, no 
benefit of TDF prophylaxis was observed.200 Based on the excel-
lent safety and high potency of TDF in pregnancy, most guide-
lines recommend the use of antiviral prophylaxis in pregnancy 
when the HBV DNA level is above 5 log IU/mL. Other high-risk 

situations requiring antiviral prophylaxis include previous birth 
of a HBsAg-positive child, obstetric risk factors such premature 
rupture of membranes, preterm labor, or invasive testing such as 
amniocentesis.201

HBsAg-positive women not currently on treatment who are 
found to have elevated liver enzyme levels and a high viral load 
during pregnancy may start nucleos(t)ide analog treatment before 
the third trimester. In this setting, the goal is to treat the maternal 
liver disease and prevent obstetric complications such as preterm 
labor or intrauterine growth restriction. Treatment is continued 
in the postpartum period until the usual endpoints are achieved 
(see earlier). Postpartum flares of HBV infection may occur in 
up to 20% of women, and monitoring serum liver enzyme and 
HBV DNA levels in the first 3 to 6 months postpartum is recom-
mended.202

From a safety perspective, TDF and telbivudine are FDA cate-
gory B drugs and have not been associated with harmful effects to 
mother or baby. Use of lamivudine (FDA category C) is also rea-
sonable.203,204 Data from the U.S. Antiretroviral Pregnancy Reg-
istry of mainly HIV-positive women have confirmed the safety of 
TDF: the rate of congenital anomalies on TDF is no higher than 
that in the general population (2%).205 A systematic review and 
meta-analysis evaluated 26 studies enrolling 3622 pregnant vire-
mic HBV carriers who received antiviral treatment in the second 
or third trimester of pregnancy.197 Lamivudine, telbivudine, and 
TDF effectively reduced mother-to-child transmission by 70%, 
as reflected by HBsAg and HBV DNA undetectability in the 
infant at 6 to 12 months of age. Moreover, antiviral therapy did 
not increase adverse outcomes in mother or baby. IFN, including 
PegIFN, is contraindicated in pregnancy. Although breastfeeding 
while on nucleos(t)ide analog therapy is officially contraindicated 
because small amounts of drug can be detected in breast milk,206 
adverse events have not been observed thus far. 

Fig. 79.7 Algorithm for the treatment of HBsAg-positive 
mothers during pregnancy. The goal of treatment in 
highly viremic mothers is to lower the serum HBV DNA 
level by several log10 IU/mL by the time of delivery to 
minimize the chance of newborn infection. The choice 
of antiviral agent is limited to those that are safe in preg-
nancy and include TDF, telbivudine, and lamivudine. 
These agents can be continued postpartum if neces-
sary, but breastfeeding is not recommended in this 
setting. See text for further details about drug selection.  
HBIG, hepatitis B immune globulin; TDF, tenofovir 
disoproxil fumarate.
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79Severe Acute Hepatitis
Symptoms of severe acute hepatitis B include deep jaundice, 
nausea, vomiting, RUQ abdominal tenderness, and possibly 
confusion. In general, a high rate (>95%) of virologic clearance 
(HBsAg loss) occurs in immune-competent adults, and nucleos(t)
ide analog treatment is not routinely required. For patients who 
have acute hepatitis B without evidence of liver dysfunction, close 
monitoring with weekly bloodwork and without immediate treat-
ment is recommended. On the other hand, in those in whom ALF 
develops (hepatic encephalopathy, INR >1.5, and total bilirubin 
>3 mg/dL), mortality ranges from 30% to70% in the absence of 
LT (see Chapter 95),207,208 and antiviral treatment may be neces-
sary to stabilize liver function, avoid LT, and improve survival. 
Nucleos(t)ide analog therapy in this situation is generally safe, 
and preferred agents include TDF, TAF, entecavir, or lamivu-
dine, but PegIFN is contraindicated in patients with abnormal 
liver function. The optimal duration of therapy is unknown, and 
the endpoint of therapy is confirmed by HBsAg loss or serocon-
version. 

Cirrhosis
Nucleos(t)ide analog therapy is safe and effective in patients with 
cirrhosis and advanced liver disease. In a study of HBV-infected 
patients in Taiwan with advanced liver disease and a high viral 
load, those who received lamivudine showed improvement in the 
Child-Turcotte-Pugh score (see Chapters 74 and 97) and fewer 
complications, including HCC and hepatic decompensation, 
compared with those who received placebo.111 Although the ben-
efit for those with HBV cirrhosis and a lower viral load is unclear, 
existing guidelines recommend that this group be treated. 
Preferred agents in patients with cirrhosis are the same as those 
for noncirrhotic patients (TDF, TAF, or entecavir), and the dura-
tion of therapy in this group of patients is indefinite. PegIFN can 
be considered for those with well-compensated cirrhosis but not 
for those with decompensated disease. Long-term antiviral sup-
pression with TDF or entecavir has been associated with regres-
sion of cirrhosis.153,209 In a study of 348 patients who underwent 
liver biopsies at baseline and year 5 and who responded to long-
term therapy with TDF, continuous treatment resulted in regres-
sion of cirrhosis in 75% at year 5.153 A reduction in fibrosis by at 
least one stage was observed in over 60% of responders to TDF 
over 5 years. Although there is no direct evidence from prospec-
tive clinical trials demonstrating a reduction in the risk of HCC 
associated with nucleos(t)ide analog therapy, amassed data from 
retrospective studies and modeling have found that the risk of 
HCC is reduced in treated patients compared with historical con-
trol groups.112,199,210

For patients with decompensated HBV cirrhosis, prompt 
initiation of nucleos(t)ide analog therapy is essential regardless 
of the serum HBV DNA level, so long as HBV DNA is detect-
able. Nucleos(t)ide analog treatment has been shown in several 
studies to improve liver function and liver-related survival. In 
an uncontrolled study of patients with decompensated HBV 
cirrhosis treated with lamivudine for 19 months, 65% had sig-
nificant improvement in liver function and subsequently did not 
require LT.211 In another study, liver transplant-free survival was 
above 80% in those who received long-term nucleos(t)ide analog 
therapy.212 Combination therapy with TDF plus emtricitabine 
has been compared with TDF monotherapy in a small study of 
decompensated HBV-infected patients, but combination therapy 
showed no benefit in terms of antiviral suppression or stabiliza-
tion of liver disease.213 Improvement in liver function generally 
requires 6 to 9 months of therapy, and lifelong treatment is rec-
ommended in the setting of advanced liver disease.

In general, nucleos(t)ide analog therapy is safe and well tol-
erated in patients with decompensated cirrhosis. Recommended 

agents include TDF, TAF, and entecavir. Renal function is a 
major predictor of survival in this population, and renal func-
tion must be monitored closely in those receiving TDF. If the 
serum creatinine level rises on TDF treatment, a dose adjust-
ment is required; switching to TAF or entecavir are other reason-
able options. In a small case series, lactic acidosis was reported 
in HBV-infected patients with advanced cirrhosis (MELD score 
>20, see Chapter 97) receiving entecavir treatment.214 Although 
it is unclear whether the lactic acidosis was indeed related to 
entecavir, this study underscores the need for close monitoring 
of patients with decompensated cirrhosis to detect changes in 
liver function and to exclude treatment side effects. Moreover, 
ultrasound screening for HCC is key in the management of this 
high-risk patient population, irrespective of response to antiviral 
treatment (see Chapter 74). 

HBV-HIV Coinfection
With improved control of HIV disease with ART, liver disease 
has emerged as one of the leading causes of death in patients with 
HIV infection (see Chapter 35).215 HBV coinfection is estimated 
in approximately 10% of patients living with HIV infection. 
Progression of liver disease to cirrhosis and HCC is acceler-
ated in HBV-HIV coinfection. Therefore, guidelines from the 
Department of Health and Human Services recommend therapy 
for HBV infection in all HBV-HIV coinfected patients irre-
spective of the CD4 count with ART that is active against both 
viruses.216 Recommended regimens include a tenofovir-based 
regimen (TDF or TAF) in combination with either lamivudine 
or emtricitabine to avoid the development of HIV resistance 
to tenofovir. Switching to such a regimen is recommended in 
patients on an antiretroviral regimen that does not include an 
HBV-active drug. Conversely, ART that includes an HBV-active 
medication such as TDF or TAF should not be discontinued due 
to the risk of HBV relapse. Adding entecavir for treatment of 
HBV infection is reasonable in those in whom HIV is suppressed, 
although there have been case reports of entecavir-resistant HIV 
polymerase mutations. 

HBV-HCV Coinfection
When compared with monoinfected patients, HBV-HCV coin-
fected patients tend to have more severe liver injury and a higher 
risk of cirrhosis.217 Optimal treatment is directed toward the 
more active infection, which is obvious in most cases (see also 
Chapter 80). HBV-HCV coinfected patients often exhibit high-
level HCV viremia and suppressed HBV DNA or vice versa. 
Cases of HBV-r among HBV-HCV coinfected individuals dur-
ing or after HCV DAA therapy have been reported.218 Studies 
from Asia have shown that patients at highest risk are those who 
are HBsAg-positive and who have advanced liver fibrosis.219 Such 
patients should receive prophylaxis against HBV-r when receiving 
HCV DAA therapy. By contrast, those who are HBsAg-negative 
but anti-HBc-positive may be monitored with serum HBV DNA 
levels measured at least once during DAA therapy, with initiation 
of HBV treatment when the serum HBV DNA level increases 
by 1 log IU/mL. These studies underscore the importance of 
screening for HBV prior to treatment of HCV infection and the 
need for monitoring HBV during HCV DAA therapy. 

HBV-HDV Coinfection
HBV-HDV coinfection is believed to be the most severe form of 
viral hepatitis with a high risk of complications such as cirrhosis, 
HCC, and need for LT (see Chapter 81).220-222 Coinfection with 
HDV should be suspected in HBsAg-positive patients from areas 
endemic for HDV, such as Mongolia, Western Africa, Eastern 
Europe, and South America, those who have advanced liver 
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disease at an early age (<40 years), and elevated serum ALT lev-
els despite very low or undetectable serum HBV DNA levels.222 
Other risk groups include immunosuppressed patients, men who 
have sex with men, and persons who inject drugs. HDV infec-
tion should also be suspected in patients with chronic hepatitis B  
on nucleos(t)ide analog therapy who have persistently elevated 
serum ALT levels despite adequate suppression of HBV. The 
diagnosis of HDV coinfection is made by detection of anti-HDV 
in serum, and active disease is confirmed by a positive HDV RNA 
testing in a reference laboratory, because commercial assays are 
not available.

The only approved therapy for HBV-HDV coinfection is 
PegIFN given for at least 48 weeks. The goals of therapy are 
ALT normalization, which correlates with serum HDV RNA 
suppression and histologic improvement in liver necroinflam-
mation and fibrosis. Unfortunately, a sustained response occurs 
in only 20% to 50% patients after one year of treatment with 
PegIFN, and late relapses are common.223-225 Nucleos(t)ide 
analog therapy does not directly affect HDV replication, but 
a proportion of patients may experience a reduction in HBsAg 
levels, which negatively impacts the HDV life cycle. Studies 
using adefovir alone or in combination with PegIFN failed to 
show any incremental benefit in HDV RNA suppression.223 
Therefore, there is an urgent need to develop more agents for 
the treatment of HBV-HDV coinfection. HDV entry inhibitors 
such as Myrcludex-B, which binds to the sodium taurocholate 
cotransporting polypeptide (NTCP), and HDV prenylation 
inhibitors (e.g., lonafarnib) are in early-phase clinical studies 
and show some promise.226 

hBV reactivation during immunosuppressive 
therapy
The definition of HBV-r has varied across different studies, and 
its incidence has, thus, been difficult to estimate. HBV-r can be 
defined as an increase in HBV DNA replication (e.g.,>1 log) from 
baseline or reappearance of HBV DNA in serum and/or HBsAg 
seroreversion (reappearance of HBsAg in the serum) in HBsAg-
negative persons, sometimes followed by elevation of serum ami-
notransferase levels, with or without jaundice or other signs of 
liver failure.227,228 The risk of HBV-r is higher in HBsAg-positive 
individuals receiving immunosuppressive therapy compared with 
HBsAg-negative, anti-HBc-positive individuals but also depends 
on the specific immunosuppressive regimen and the presence of 
underlying cirrhosis.

Screening
Given the high prevalence of hepatitis B in many populations, 
and the potential for poor clinical outcomes associated with 
HBV-r in patients receiving immunosuppressive therapy, screen-
ing for HBV has been recommended by both the American 
Society of Clinical Oncology229 and the AGA230 guidelines for 
high-risk patient populations only, whereas the AASLD rec-
ommends screening all patients who undergo immunosuppres-
sive therapy.108 Recommended serologic screening tests include 
HBsAg and anti-HBc. In HBsAg-positive patients, testing for 
serum HBV DNA, HBeAg, and anti-HBe should follow108-110,144 
to further characterize the status of underlying HBV infection.

Risk Stratification
The risk of HBV-r depends on the baseline serologic status of 
HBV and on the type of immunosuppressive therapy. In general, 
the risk of HBV-r is highest in HBsAg-positive individuals at 
baseline and much lower in HBsAg-negative, anti-HBc-positive 
individuals. Moreover, different immunosuppressive agents are 
associated with different risks of inducing HBV-r. The highest 

risk is associated with the use of anti-CD20 monoclonal antibod-
ies (e.g., rituximab, ofatumumab, obinutuzumab), and the low-
est risk is associated with the use of conventional and weaker 
immunosuppressants such as azathioprine or methotrexate.231 
Immunosuppressive medications and cytotoxic agents that have 
been associated with HBV-r are listed according to their esti-
mated risk category in Box 79.3 and Table 79.2.

In most reports, the rates of HBV-r have varied from 10% 
to 50% in HBsAg-positive patients,231,232 and 3% to 41% in 
HBsAg-negative, anti-HBc-positive patients receiving cyto-
toxic chemotherapy.233,234 The median time to reactivation 
was 3 months after the last dose of rituximab, or approximately 
after 6 doses of rituximab, although late reactivation beyond 6 
months after the last dose of rituximab was reported in 29% of 
patients.232 Because of the high risk of HBV-r in patients receiv-
ing anti-CD20 agents, the FDA issued a Black Box Warning for 
rituximab in 2013.235

Glucocorticoids have also been identified as an independent 
predictor of HBV-r in many studies. These agents are thought to 
increase viral replication by acting on a glucocorticoid-respon-
sive element found in the HBV genome and may be associated 
with an initial decrease in the serum ALT level. A significant 
flare in ALT levels is typically seen 4 to 6 weeks after withdrawal 
of glucocorticoids.236 Because glucocorticoids are often used 
in combination with other immunosuppressive agents, the risk 
attributable to high-dose glucocorticoids alone remains diffi-
cult to determine, but estimates vary from 30% to 70%.237-239 
By contrast, HBV-r is uncommon in patients who have received 
low-dose glucocorticoids (<20 mg of prednisone per day for less 
than 4 weeks).231

Traditional immunosuppressants such as methotrexate, aza-
thioprine, and 6-mercaptopurine have a low risk of HBV-r, 
less than 1% based mainly on case reports. Higher risk (18%) 
has been associated with the use of anthracycline agents such 
as doxorubicin, especially in patients with breast cancer.231,240 
There have been increasing reports of HBV-r in patients receiv-
ing TNF inhibitors such as infliximab or adalimumab, from 
0% to 40% in HBsAg-positive patients,241,242 compared with 
only 0% to 5% in HBsAg-negative patients231,243,244; however, 
there is a paucity of data from prospective studies in this patient 
 population.

Even fewer data are available for novel targeted therapies, 
including abatacept, ustekinumab, natalizumab, vedolizumab, 
imatinib, and nilotinib. An AGA technical review estimated 
a moderate risk (1% to 10%) with these agents based on case 
reports and underlying biological plausibility. 

BoX 79�3   Recommendations for Antiviral Prophylaxis to 
Prevent a Flare of HBV Infection Based on Risk 
Assessment

High risk (>10%): Prophylaxis for at least 6 months after 
discontinuation of immunosuppressive 
therapy (or for 12 months for B-cell deplet-
ing agents).

Moderate risk  
(1%-10%):

Prophylaxis for 6-12 months after discon-
tinuation of immunosuppressive therapy. 
Consider monitoring if the patient prefers. 
The frequency of monitoring is not well 
defined; every 1-3 months is suggested.

Low risk (<1%): Prophylaxis not recommended. Rou-
tine monitoring is recommended. The 
frequency of monitoring is not well defined; 
every 1-3 months is suggested.
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79Antiviral Prophylaxis
Several small randomized controlled trials and large cohort stud-
ies have demonstrated the efficacy of antiviral therapy, mainly with 
lamivudine or entecavir, in preventing HBV-r.245-247 Several meta-
analyses and systematic reviews have also reported a significant 
reduction in HBV-r, by 80% to 100%, while also decreasing the risk 
of HBV-associated hepatitis.248,249 Overall mortality, however, did 
not decrease, suggesting that overall survival is likely related to the 
prognosis of the underlying malignancy. Little is known about the 
effect of interrupting immunosuppressive therapy because of HBV-
r, but a meta-analysis demonstrated a reduced rate of need to inter-
rupt chemotherapy in patients who received HBV prophylaxis.250

Lamivudine has been used widely as prophylaxis because of its 
relatively low cost, excellent safety profile, and short-term effi-
cacy. However, lamivudine has been associated with a high risk 
for the development of antiviral resistance mutations (rtM204V/I 
± rtL180M) after prolonged use (see earlier).143 Therefore, 
highly potent antiviral agents with a high barrier to resistance 
(e.g., TDF or entecavir) are the preferred agents suggested by 
current guidelines.108–110

In a randomized controlled trial of entecavir versus lamivudine 
in HBsAg-positive patients with diffuse large B-cell lymphoma 
treated with R-CHOP (rituximab-cyclophosphamide, doxoru-
bicin, vincristine, prednisone) in China, reduced rates of HBV-r 
(6.6% vs. 30%, P = 0.001), HBV-related hepatitis (0% vs. 13%, 
P = 0.003), and interruption of chemotherapy (1.6% vs. 18.3%, 
P = 0.002), respectively, were reported.251 Entecavir treatment 
and lower stages of lymphoma were associated with a lower risk 
of HBV-r. No randomized controlled trials have compared TDF 
with lamivudine, but based on available data, TDF is superior to 
lamivudine and at least equipotent to entecavir. Therefore, lamivu-
dine should only be considered in patients receiving a short course 
of immunosuppressive therapy (<6 to 12 months) who have a low 
baseline serum HBV DNA level (<2000 IU/mL). Otherwise, TDF 
or entecavir should serve as the preferred agent for prophylaxis. 

Timing and Duration of Prophylaxis
Ideally, antiviral therapy should be initiated prior to the start 
of immunosuppressive therapy, but the exact time required has 
not been well established.230,231 Prophylaxis should be initi-
ated at least one week before the start of immunosuppression in 
HBsAg-positive patients, and the same is likely true for HBsAg-
negative, anti-HBc-positive patients who require prophylaxis. 
Some experts recommend a reduction in serum HBV DNA levels 
to less than 3 logs IU/mL before immunosuppressive therapy is 
started, if possible.108-110,230

The duration of prophylactic antiviral therapy also depends on 
the type of immunosuppressive therapy, baseline HBV DNA level, 
and severity of underlying liver disease. In general, antiviral therapy 
should be continued for at least 6 to 12 months after withdrawal of 
immunosuppression; most guidelines extend this duration to more 
than 12 months with B-cell depleting anti-CD20 agents.108-110,230,231 
For hematopoietic stem cell or solid organ transplant patients, 
antiviral therapy may need to continue indefinitely, because these 
patients will likely remain on chronic immunosuppressive medica-
tions, and there have been reports of delayed HBV-r (see Chapter 
36). In HBsAg-positive patients with a serum HBV DNA level 
greater than 2000 IU/mL or those with underlying cirrhosis, anti-
viral therapy should be given for a prolonged duration, according 
to current treatment guidelines for cirrhotic noncancer patients and 
until the usual treatment endpoints are reached (see earlier). 

Deferred Therapy
In a study of HBsAg-positive patients with lymphoma treated 
with R-CHOP who were randomized to delayed lamivudine 

therapy, HBV serology, including serum HBV DNA and HBsAg, 
was monitored monthly to detect early HBV-r.252 HBV-r was 
detected in 56% of patients in the delayed treatment group com-
pared with 12% of patients in the prophylaxis group. These data 
confirm the efficacy of prophylaxis but also demonstrate that 
delayed treatment of HBsAg-positive patients may be an option, 
provided that very close monitoring is feasible. However, close 
monitoring is expensive and difficult to obtain in real-world prac-
tice and therefore generally not recommended in HBsAg-positive 
patients treated with immunosuppressive therapy. On the other 
hand, monitoring alone is recommended for HBsAg-negative, 
anti-HBc-positive patients receiving immunosuppressive agents 
that have a moderate or low risk of HBV-r.108-110,230,231 

Future treatments
Available antiviral therapies effectively suppress viral replication, 
normalize serum liver enzyme levels, improve hepatic fibrosis, and 
even reduce the risk of complications such as HCC. However, the 
vast majority of patients cannot be cured with current treatments, 
which are unable to eradicate or silence cccDNA.160 A functional 
cure of HBV is defined as HBsAg loss and, unfortunately, occurs 
in only 2% to 10% of patients with chronic hepatitis B treated 
with available antiviral agents.150 Therefore, novel antiviral 
agents, likely in combination, targeting multiple steps in the viral 
life cycle will be required to achieve cure of HBV infection in 
most patients. In view of therapeutic advances that have led to 
a cure for chronic hepatitis C (see Chapter 80), there has been a 
renewed interest in achieving cure of HBV infection using novel 
antiviral and immunomodulating agents in clinical development.

Entry Inhibitors
HBV and HDV enter the hepatocyte after binding to the 
receptor NTCP. Therefore, blocking or silencing NTCP is 
a potential strategy to treat chronic hepatitis B. Myrcludex-B 
is a novel entry inhibitor that has been studied in HBV and 
HBV-HDV coinfected patients. Although a decline in serum 
HBV DNA levels and normalization of serum ALT levels were 
observed, no significant reduction in HBsAg levels was seen, 
suggesting that this agent is effective in preventing new hepato-
cyte infection but less effective in eliminating already infected 
hepatocytes.253 

cccDNA Silencing
Following viral entry into the hepatocyte, the HBV virion 
undergoes unpackaging, and the HBV DNA is delivered to 
the hepatocyte nucleus. Relaxed circular DNA must be con-
verted to cccDNA, which is maintained in the nucleus and 
contributes to viral persistence. A number of enzymes, includ-
ing zinc finger nucleases, have been shown to inhibit cccDNA 
conversion from relaxed circular DNA and to directly degrade 
and to epigenetically modify cccDNA.254 The CRISPR (clus-
tered regularly interspaced short palindromic repeats)-asso-
ciated 9 system (cas9) represents another group of cccDNA 
silencing molecules that can target and theoretically eliminate 
cccDNA from infected hepatocytes. Although this group of 
novel agents is promising, they remain in an early phase of 
clinical testing. 

Small Interfering RNA
Small interfering RNA (siRNA) are small molecules that bind to 
and silence HBV viral messenger RNA, thereby reducing transla-
tion of viral proteins. Because HBV replicates via an RNA inter-
mediate, it is susceptible to targeting by siRNA. A significant drop 
in serum HBsAg levels has been observed with HBV-targeted 
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siRNA. With longer therapy and combination with other antivi-
rals or immune modifying agents, the decrease in HBsAg levels 
could contribute to a functional cure.255 

Core Protein Assembly Modulators
Core protein assembly modulators or allosteric modifiers are a 
new class of antiviral agent that target assembly of the HBV cap-
sid. Their primary mechanism of action is prevention of HBV 
encapsidation and blockade of viral replication, thereby resulting 
in empty capsids that contain no viral genome. A secondary anti-
viral mechanism involves inhibition of de novo cccDNA forma-
tion via capsid disassembly, thereby reducing the replenishment 
of cccDNA inside the hepatocyte. Core protein assembly modu-
lators or allosteric modifiers in combination with other classes 
of antiviral agents show promise in reducing serum HBV DNA 
and HBV RNA levels. Whether this strategy alone will lead to a 
functional cure is uncertain.256 

HBsAg Release Inhibitors
HBsAg is produced in vast excess in HBV carriers, but the precise 
reason for overproduction of this viral protein is unclear. Most 
HBsAg exists in the form of subviral particles, which contain no 
viral DNA or RNA. HBsAg is thought to act to exhaust T cells, 
thereby leading to immune tolerance to the virus and evasion of 
immune attack. Therefore, significant reductions in HBsAg lev-
els may restore host immunity to HBV. Although the first studies 
with HBsAg release inhibitors have been promising, confirma-
tion in well-designed controlled trials is needed.257 

Immune Modulation
Several approaches to restore HBV specific immune responses 
are under investigation. Toll-like receptors (TLRs) normally rec-
ognize pathogens such as HBV and stimulate innate and adap-
tive immunity through endogenous production of IFN in the 
liver. TLR agonists upregulate IFN-stimulating genes to inhibit 
viral replication, whereas HBV attempts to downregulate expres-
sion of TLR. A TLR-7 agonist resulted in IFN-stimulated gene 
expression, but no significant reduction in HBsAg levels was 
observed.258 A TLR-8 agonist has demonstrated potent immuno-
modulatory activity in early clinical testing. Retinoic acid induc-
ible gene-I plays a key role in innate immunity by detecting HBV 
pregenomic RNA and inducing the production of type III IFN in 
the liver. Retinoic acid inducible gene-I agonists could serve as a 
part of a combination regimen with a nucleos(t)ide analog that 
will increase the number of patients achieving a functional cure 
of HBV infection.259

The lack of a T-cell mediated response in chronic HBV is 
due partly to the expression of coinhibitory receptors and to the 
expression of immunosuppressive cytokines. Checkpoint inhibi-
tors have been shown to restore antitumor adaptive immunity 
and are being investigated to revitalize HBV-specific T cells and 
thus reverse immune exhaustion.260 Interesting results have been 
obtained in animal models and human studies. The main con-
cerns of this approach are the potential induction of uncontrolled 
hepatitis flares and autoimmunity. Several therapeutic vaccines 
designed to boost CD8+ T-cell responses against HBV have been 
evaluated with limited success, but new vaccine formulations are 
under clinical evaluation.260 

prEVEntion
Immunoprophylaxis against HBV can be by passive immuniza-
tion using HBIG or active immunization using HBV vaccine. 
Active immunization gives long-term immunity, whereas passive 
immunization confers only immediate and short-lived protection.

hepatitis B immune globulin
HBIG is prepared from plasma that is known to contain high 
titers of anti-HBs. Numerous clinical trials have established the 
efficacy of HBIG in preventing HBV infection in high-risk per-
sons, such as hemodialysis patients, sexual partners of persons 
with chronic hepatitis B, and newborn infants of HBsAg-positive 
mothers within 12 hours of birth along with simultaneous vac-
cination. HBIG licensed in the USA has an anti-HBs titer of 
1:100,000. In Europe, several preparations of HBIG with differ-
ent concentrations and pharmacokinetic properties are available. 
HBIG is safe, although rare anaphylactic reactions can occur. 
Myalgias, rash, and arthralgias have also been reported and are 
believed to result from formation of antigen-antibody  complexes. 

hepatitis B Vaccine
Currently marketed HBV vaccines use recombinant DNA technol-
ogy by introducing the S gene encoding HBsAg into the genome 
of yeast cells. Three vaccines are available in the USA: Recombivax 
HB (Merck, licensed in 1986), Engerix-B (GlaxoSmithKline, 
licensed in 1989), and HEPLISAV-B (DynaVax, licensed in 2017). 
No serious side effects of the HBV vaccine have been reported. 
Aluminum hydroxide is used as an adjuvant in these vaccines. The 
HBV vaccine is administered intramuscularly in the deltoid muscle 
of adults and the anterolateral thigh of neonates and infants.

HBV vaccines typically achieve an anti-HBs titer greater than 
100 mIU/mL. Antibody titers greater than 100 mIU/mL confer 
100% protection against HBV infection, and a lower antibody 
titer (up to 10 mIU/mL) is seroprotective in most instances. Peak 
antibody titers and persistence of antibody levels vary among 
different persons. The titers drop steadily over the first 2 years 
after vaccination, sometimes to levels below 10 mIU/mL. Studies 
in different populations have demonstrated that anti-HBs titers 
decrease to nonprotective levels in at least 25% to 50% of recipi-
ents over a period of 5 to 10 years.261

Although protective anti-HBs response rates after HBV 
vaccination occur in approximately 90% patients, a number of 
factors can reduce the antibody response. Five percent to 8% 
of HBV vaccine recipients do not achieve detectable anti-HBs 
levels (“nonresponders”). Smoking, obesity, injection into the 
buttock, chronic liver disease, presence of HLA-DR3, DR7, 
and DQ2 alleles, absence of the HLA-A2 allele, and older age 
may be associated with reduced immunogenicity. Such “hypore-
sponders” may benefit from a higher dose of vaccine. Response 
rates are also lower in immunocompromised patients, such as 
transplant recipients, those receiving chemotherapy, and those 
with end-stage liver disease. In a study of 62 cirrhotic patients 
on the liver transplant waiting list undergoing 3-dose HBV 
vaccination, the response rate was only 44% but increased to 
62% after additional booster doses were administered. These 
findings indicate that persons with chronic liver disease should 
undergo vaccination prior to the development of cirrhosis.262 
Only 50% to 60% of hemodialysis patients respond adequately 
to vaccination. Therefore, patients with chronic liver and kidney 
disease should be vaccinated early during their disease course, 
before progression of the disease, to ensure an optimal response 
to  vaccination.

Although HBV vaccination is recommended for patients with 
HIV infection, response rates appear to be decreased in this 
population. In a large randomized study of stable HIV-infected 
patients on antiretroviral therapy, the proportion of patients 
given a 4-dose HBV vaccine regimen who had a durable response 
(anti-HBs >10 mIU/mL) was 71%.263 A high-level response (anti-
HBs >100 mIU/mL) was observed in 42% of the patients.

Because HBV vaccination results in strong immunologic 
memory capable of preventing infection even in patients with 
low or undetectable antibody titers, a booster vaccine dose in 
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immunocompetent adults and children is not recommended. 
On the other hand, high-risk patients such as those undergo-
ing hemodialysis should receive a booster dose when anti-HBs 
titers drop below 10mIU/mL.264 Data from Taiwan demon-
strated a surprisingly high rate of HBsAg positivity in adoles-
cents who were vaccinated at birth, especially those born to 
HBeAg-positive mothers who did not receive HBIG or who 
had fewer than 4 doses of vaccine, suggesting that maternal 
viral load was very high at the time of birth and that perhaps 
a booster dose may be needed at age 15 or older in some indi-
viduals.265

Vaccination Schedule
The typical vaccination schedule is 0, 1, and 6 months after birth. 
High anti-HBs titers are achieved in over 95% of individuals 
after the third dose of vaccine. However, the HELPISAV-B vac-
cine requires only 2 doses given 1 month apart. Seroprotection 
rates of 91% to 95% were reported by week 24 after vaccination 
in adults.266 In immunocompromised patients and those under-
going hemodialysis, 4 vaccine doses are recommended, with the 
fourth dose given to maximize the anti-HBs titer response. If 
vaccination is interrupted, the second dose should be adminis-
tered as soon as possible after the first.267 If the third dose is not 
given on schedule, it should be given at least 2 months after the 
second dose.

In the USA and HBV-endemic countries, the HBV vaccine 
is administered to all infants and children as a part of a universal 
immunization program. Unfortunately, although more than 160 
countries have proposed and approved universal infant vaccina-
tion, not all have the financial resources to implement such a pro-
gram that incorporates affordable or free vaccination.268

Combination HBV vaccines with diphtheria-pertussis-tetanus 
(DPT) and Haemophilus influenzae type B (Hib) (DTPw-HB/
Hib) are in use for immunization of infants. The other compo-
nent antigens do not reduce the immunogenicity against HBV.269 
Adolescents who have not been vaccinated in infancy or child-
hood should also be vaccinated. 

Postexposure and Perinatal Prophylaxis
Table 79.8 lists recommendations for prophylaxis after exposure 
to a known HBsAg-positive source. Postexposure vaccination 

should be considered for any percutaneous, ocular, or mucous 
membrane exposure. The type of immunoprophylaxis is deter-
mined by the HBsAg status of the source and the vaccination-
response status of the exposed person. If a patient is a known 
responder to previous vaccination, then no further action is 
required. 

Bivalent Vaccine
A combined HAV and HBV vaccine has been licensed commer-
cially (TWINRIX, GlaxoSmithKline, Research Triangle Park, 
NC) and has been shown to be highly immunogenic and pro-
tective against both viruses. This vaccine offers ease of admin-
istration for persons at increased risk of both HAV and HBV 
infection, such as world travelers, men who have sex with men, 
and those with underlying chronic liver disease.270 

Recommendations
In 2018, updated recommendations for HBV vaccination from 
the CDC included universal infant vaccination, revaccination of 
nonresponder infants, serologic testing of infants whose mater-
nal HBsAg status is unknown, HBV DNA testing in all HBsAg-
positive pregnant women, and vaccination of patients with 
chronic liver disease.271 Previously, the CDC had also recom-
mended HBV vaccination in persons 19 to 59 years of age with 
diabetes mellitus type 1 or 2, although diabetic patients over 60 
years of age may also benefit from HBV vaccination.272 

HBsAg-Positive Health Care Workers
Although HBV transmission from a health care worker to a 
patient is considered rare in the USA because of HBV vaccination 
and strict adherence to universal precautions, the CDC has pub-
lished recommendations for the management of HBsAg-positive 
health care workers and students.273 Health care providers must 
be aware of their HBV and other bloodborne virus status, and 
those who lack HBV immunity should receive HBV vaccination 
followed by routine testing for anti-HBs to verify immunity. If 
anti-HBs remains undetectable, repeat vaccination is recom-
mended as well as testing for HBsAg and anti-HBc, in order to 
identify those with active HBV infection.

The exact threshold for HBV infectivity necessary for trans-
mission from health care worker to patient is unknown, but it 
is thought to be in the range of 2000 to 8000 IU/mL, regard-
less of HBeAg status. Nevertheless, HBsAg-positive health care 
providers are generally able to maintain their current form of 
practice, but review by an independent panel is recommended 
for those who perform exposure-prone procedures. Prenotifi-
cation of patients of the health care provider’s HBV status is 
not recommended for fear of stigmatization and avoidance by 
the provider of regular serologic monitoring and appropriate 
antiviral treatment if needed. CDC and Canadian guidelines do 
not prohibit HBsAg-positive health care providers or students 
from practicing or studying medicine or dentistry if they are 
otherwise qualified and agree to HBV DNA monitoring in some 
circumstances.274

Exposure-prone procedures are defined as those in which 
surgical access is difficult or situations in which a needlestick 
injury is likely to occur. These include procedures that involve 
digital palpation of a needle tip or other sharp object in a closed 
cavity in which visualization is poor. For persons who perform 
exposure-prone procedures, such as surgeons, dentists, obstetri-
cians/gynecologists, and surgical residents, an independent panel 
of experts must review their practice and HBV DNA results 
every 6 months. Regular activities can be maintained if serum 
HBV DNA levels are documented to be less than 1000 IU/mL. 

table 79.8 Recommended Postexposure Prophylaxis for HBV 
According to the Vaccination Status of the Exposed Person

Vaccination status  
of exposed person recommended prophylaxis

Unvaccinated HBIG (0.06mL/kg) and initiate 
hepatitis B vaccine series

Previously vaccinated:
Known responder*
Known nonresponder

No action required
HBIG × 2 doses (1 mo apart)
OR 
HBIG × 1 dose and initiate HBV 

revaccination

Antibody response unknown Test for anti-HBs
Anti-HBs titer ≥10 mIU/mL: no 

action required
Anti-HBs titer <10 mIU/mL: HBIG 

× 1 dose and administer vaccine 
booster dose

  

*Anti-HBs ≥10 mIU/mL.
Anti-HBs, antibody to hepatitis B surface antigen; HBIG, hepatitis B 

immune globulin; HBsAg, hepatitis B surface antigen.
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If HBV DNA is above this threshold, performance of exposure-
prone procedures is temporarily suspended until the HBV DNA 
level is documented to drop below 1000 IU/mL, either spontane-
ously or with antiviral therapy. Health care workers who perform 
exposure-prone procedures may opt to start long-term antiviral 
treatment in order to maintain viral suppression that permits reg-
ular clinical activities, even though they may not meet the usual 
criteria for initiation of treatment. On the other hand, for health 

care workers and students who do not perform exposure-prone 
procedures, no special oversight by the panel is required.
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