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Hepatitis B virus is a primarily hepatotropic virus, causing both acute and chronic
hepatitis (CHB). Primary chronic hepatitis B is most commonly a self-limited disease with
complete recovery within 2-3 months since the onset of the disease. It is believed that 2/3
of the world population has been infected with hepatitis B virus at some point during their
lifetime.

According to the WHO reports, the incidence of HBV infection is decreasing due to
the introduction of mandatory hepatitis B immunization. However, about 400 million
people will develop chronic hepatitis B. More than million people die every year due to
chronic HBV infections, liver cirrhosis and/or hepatocellular carcinoma (HCC). It means

that the hepatitis B virus infection is a major global health problem.
Timely diagnosis and adequate treatment significantly slow down the course and

progression of chronic hepatitis B.
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Introduction

Hepatitis B virus is a primarily hepatotropic
virus, causing both acute and chronic hepatitis
(CHB). Primary chronic hepatitis B virus (HBV)
infection is most commonly a self-limited disease
with a complete recovery within 2-3 months since
the onset of the disease. However, 5-10% of pri-
mary HBV patients may develop persistent (chro-
nic) infection (1).

According to the World Health Organization
(WHO), about 400 million people (5% of the world
population) are chronically infected. About 15-
40% of patients with chronic HBV infection will
develop liver cirrhosis, liver failure or hepatocel-
lular carcinoma (HCC). More than a million people
die every year due to chronic HBV infections
and/or HCC, so the hepatitis B virus infection is a
major global health problem (2).

Hepatitis B virus is found in 25-45% of HCC
patients. The incidence of HCC has been pro-
gressively increasing worldwide and it is the fifth
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most common malignancy in humans worldwide,
with lethal outcome in 300.000-500.000 people
per year. There is a significant population of pa-
tients with end-stage liver disease due to HBV and
the ultimate cure for them is liver transplantation.
At this moment, these patients represent 5-10%
of all patients who require liver transplantation
(3).

According to the WHO reports, the incidence
of HBV infection is decreasing due to introduction
of mandatory hepatitis B immunization. However,
there is still a high frequency of HBV infected per-
sons. It is believed that 2/3 of the world popu-
lation has been infected with hepatitis B virus at
some point during their lifetime. As for our
country, it is estimated that more than 2% of po-
pulation have chronic HBV infection. It should be
emphasized that almost 1% of pregnant women in
Belgrade have chronic HBV infection (1).

Structure and characteristics of hepatitis B
virus

Hepatitis B virus is a member of the Hepad-
na virus family. It is the only hepatotropic DNA
virus. Hepatitis B virus is a complex structure.
Hepatitis B virus or Dane particle has a spherical
structure with a diameter of 42 nm. Viral particles
with a coat and a core are complete and infec-
tious. Viral particles with a coat, but without a co-
re, are not infectious and they are found in circu-
lation in spherical and tubular forms (Figure 1).
The virus is composed of an outer coat and a
nucleocapsid core. The coat is composed of pro-
teins, lipids and carbohydrates. The main compo-
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nent of the coat is HBsAg. The nucleocapsid con-
tains HBcAg, HBeAg and DNA genome covalently
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Figure 1. Infectious and non-infectious particles of
hepatitis B virus

linked by 2 DNA enzymes, polymerase and protein
kinase.

HBV genome consists of four genes (re-
gions) with partially overlapping open reading
frames- S, C, P and X. The genome includes both
structural component coding genes and regulatory
components (promoters, enhancers), as well as
the components for virus replication (DR1 and
DR2- direct repeats) (Figure 2).

HBV genome codes several polypeptides:
viral DNA polymerase, albumin receptors and

Figure 2. Genome and translation hepatitis B virus
structural antigens (HBsAg, HBcAg and HBeAg).

The S region consists of pre-S and S genes.
Pre-S gene consists of two sub-regions: pre-Si
and pre-S2. Pre-S1/preS2/S genes encode HBsAg,
precore/core gene encodes structural proteins
(HBcAg and HBeAg), polymerase P gen DNA K
polymerase, and X gene encodes HBX protein.

In the pre-S region there are several initia-
tion codons to start nucleotide sequence reading,
that may continue in the S region. The translation
product of pre-S2 and S genetic sequence is pre-
S2/S or MS (middle sized) polypeptide. The trans-
lation product of pre-S1/preS2/S gene sequence is
LS (large sized) polypeptide. A product of the S
gene is SS (small sized) protein. MS, LS and SS
proteins are viral envelope proteins. MS
polypeptide initiates HBsAg secretion. A portion of
MS proteins functions as a receptor for binding
HBV to hepatocytes, by binding to human albu-
mins. LS polypeptide acts as an inhibitor of HBsAg
secretion. A product of the S gene is the major
HBsAg polypeptide.

The core region is composed of precore/core
genes that encode two proteins, longer HBeAg and
shorter HBcAg. The core gene contains two initia-
tion codons. When the translation begins from the
first start codon, HBeAg is yielded, but when it
begins at the second start codon, core protein
HBcAg is yielded. HBcAg is the major structural
nucleocapsid protein. The X gene encodes HBxAg.
HBxAg has multiple roles: it stimulates virus gene
expression, contributes to HBV replication and
integration of the viral genome in the host chro-
mosome.

Polymerase P gene comprises 80% of HBV
genome. The P gene encodes DNA polymerase, an
enzyme that plays a role in viral replication (4).

In patients infected with hepatitis B virus,
about 107 nucleotides are mis-incorporated into
the viral genome during its replication due to
repair system inefficiency. In this way, altered
viral forms or variant genotypes and viral mutants
are formed (5).

Within HBV 5-10% genomic sequences,
there are differences in 10% of nucleotides. Ten
different HBV genotypes have been registered.
Genotypes are designated by capital letters from A
to J. Different genotypes show different geogra-
phical distribution: genotype A is common in the
USA and in Northwestern Europe, genotypes B
and C in Asia, genotype D in Mediterranean coun-
tries, Middle East and India, genotype E in west
Africa (6).

It is reported that patients in Serbia are
predominantly infected by genotype D (86%) and
genotype A (14%). Impact of these genotypes on
the disease course, response to therapy, and
disease outcome are pointed out as well. It has
been shown that patients with acute HBV infection
caused by genotypes A and D more frequently
present transition to chronic infection (1).
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Epidemiology of HBV infection

Significant differences in the prevalence of
HBV infection have an impact on the onset of the
disease and routes of infection transmission. In
high prevalence areas, the infection is most
commonly spread from an infected mother to her
child at birth — perinatal transmission, postnatally
or during early childhood. Transmission at the
time of delivery is the consequence of mixing of
fetal and maternal blood or swallowing of maternal
blood and excretions by the infant. Perinatal
transmission mostly results in chronic infection
because neonates have an immature immune
system. If the mother is HBeAg positive, with high
levels of viremia, up to 90% of newborns will be
infected. However, if the mother’'s HBeAg status is
negative, only 10-20% of infants will be infected
(7). It should be stressed that almost every 4th
person infected in childhood develops liver
cirrhosis and primary liver tumor later in life. In
areas with low HBV endemicity, sexual contact is
the predominant route of transmission, and the
infection is more common in adulthood.

Hepatitis B virus is highly infectious and
easily transmitted. It can be found in the blood,
saliva, semen, vaginal secretion and in menstrual
blood as well. The virus is rather resistant in an
environment, where it can survive up to 7 days.
Hepatitis B virus is 10 times more infectious than
hepatitis C virus and about 100 times more
infectious than HIV. Patients with CHB infection
are the virus reservoir, thus posing a risk for the
transmission of the infection (8).

The disease can be transmitted in two ways
- horizontally and vertically. Horizontal route
means sexual and percutaneous transmission of
the infection. Sexual routes are the dominant mo-
des of transmission in highly developed countries.
Percutaneous transmission is the predominant
mode of transmission in moderately developed
countries.

The infection can be transmitted by using
the same syringe among injection drug users, sha-
ring personal hygiene accessories, and by tat-
tooing, acupuncture, and cosmetic procedures, as
well (9,10).

Nosocomial infection occurs while unsafely
handling the needles and other medical instru-
ments contaminated with blood and blood deri-
vatives. The possibility of virus transmission is
high, since only 0.00004 ml of infected person’s
blood contain enough viruses to cause an in-
fection. The risk of infection transmission from
health care workers to patients during invasive
medical procedures depends on HBsAg status of
medical staff and viremia levels of HBV DNA in the
serum. It is believed that a high viremia level is
that of 3x104 copies/ml in the serum (11).

On the other hand, medical professionals
are among those at a high risk of infection (3-4
times higher than that in general population).

The risk of infection after an injury with
contaminated surgical instruments or after needle-
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stick injury depends on whether contaminated
blood is HBsAg and/or HBeAg positive. If a patient
is HBsAg and HBeAg positive, the probability of
getting the infection is around 62%. If a patient is
HBsAg positive and HBeAg negative, the chances
to contract the infection are markedly lower (up to
20-40%) (12).

Pathogenesis of chronic hepatitis B

The majority of studies suggest that hepa-
titis B virus is not directly cytopathic to hepa-
tocytes. The outcome of HBV infection is deter-
mined by the immune response of every single
individual. Cellular and humoral immune respon-
ses play a role in virus elimination. Cellular im-
mune response has a key role in hepatitis B
pathogenesis. Persistence of HBV infection, na-
mely the development of acute into CHB infec-tion
is the result of poor cellular response (13). The
weakness of CTLs and weakness of Th-1 type
CD4-T lymphocytes does not result in the lysis of
infected hepatocytes, and liver necrosis and infla-
mmation are thus maintained.

CTLs and helper T lymphocytes have a role
in HBV elimination. CD4-T lymphocytes have a
leading role in immune response regulation. Based
on their cytokine production, CD4-T lymphocytes
are classified into two groups designated Thl (T-
helper 1) and Th2 (T-helper 2). The outcome of
the immune response is determined by the balan-
ce between Thl and Th2 lymphocytes. Th-1 cells
secret cytokines IL-2, IFN-alpha and lymphotoxin.
These cytokines induce cellular immune response.
Th-2 lymphocytes produce IL-4, IL-5 and IL-10,
which promote humoral response. Domination of
Thl-type CD4-T lymphocytes favours cellular im-
mune response and along with CTL has a role in
the lysis of infected lymphocytes. Thl-type CD4-T
lymphocytes and CTL are responsible for virus
elimination in acute HBV infection (14).

CD4-T lymphocytes secrete interferons
which have multiple roles: they increase the ex-
pression of HLA on the hepatocytes, activate intra-
cellular enzymes (that inhibit viral protein synthe-
sis) and increase NK (natural killer) cell activity
(15).

The CTL response to envelope antigens and
nucleocapsid, as well as to viral DNA polymerase,
is polyclonal. Coat antigens form a complex with
HLA system class I. CTL cells lyse infected hepato-
cytes, directly binding to HBsAg complex and HLA
system I on the surface of the hepatocytes, thus
making small apoptotic bodies. CTL cells lyse in-
fected hepatocytes indirectly via cytokines. The
effect of CTL cells is enhanced by CD4-T lympho-
cytes. CD4-T lymphocytes bind to nucleotide anti-
gens HBcAg and HBeAg that are in complex with
HLA system class II and lyse them by cytokine
effects. Macrophages are also involved in the lysis
of infected hepatocytes by cytokine effect or by
the process of phagocytosis. Humoral immune
response in acute hepatitis is involved in the for-
mation of antibodies which form complexes with
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free viral particles and remove them from the
circulation (16).

By the domination of Th2 type CD4-T lym-
phocytes, cytokines are secreted, inducing humo-
ral immune response. Humoral immune response
plays a role in the occurrence of extrahepatic ma-
nifestations. Immune complex depositions are res-
ponsible for extrahepatic manifestations. Immune
complexes are composed of HBV antigens (HBsAg,
HBeAg, HbcAg), autoantigens (liver anti-gens,
albumins, bacterial antigens), and IgM and IgG
class antibodies.

Immune complexes adhere to the comple-
ment and deposit in the basement membrane of
the vessel walls, renal glomeruli, nerves, myocar-
dium and pancreas causing vasculitis, polyarteritis
nodosa, glomerulonephritis, neuropathy - Guillan-
Barre syndrome, autoimmune anemias, thrombo-
cytopenia, myocarditis and pancreatitis (17).

Hepatitis B virus in chronic
hepatitis B

replication

In case of a deficient host immune respo-
nse, the virus propagates, persists in hepatocytes
and infects new hepatocytes. The disease is self-
sustained and chronic liver inflammation or chro-
nic hepatitis B (CHB) infection develops. The
course of chronic HBV infection consists of two
phases: replicative and non-replicative (integra-
tive) ones. The mechanism of HBV replication is
analogous to retroviral replication (based on reve-
rse transcription). Infection of hepatocytes with
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HBV begins with virus attachments to hepatocyte
membrane receptors, followed by virus penetra-
tion into the hepatocyte cytoplasm. In a hepato-
cyte, the virus DNA may be found in free repli-
cative form or integrated into the hepatocyte
genome. DNA integrated into the genome has
oncogenic potential and induces the process of
mutagenesis, namely the changes in gene expre-
ssion. Accumulation of genetic damage contribu-
tes to HBV progression (Figure 3) (18).

In a constantly infected hepatocyte, nuclei
contain between 30 and 50 copies of covalently
closed circular DNA (cccDNA). A mature virion can
be recycled in the hepatocyte nucleus, where it is
converted into new copies of cccDNK. In the repli-
cation phase, cccDNA functions in the hepatocyte
nucleus as a template for pregenomic RNA
production. The replication phase typically lasts
from 2 to 7 years. In this phase, HBV DNA is in a
free form in the hepatocyte nucleus, and the virus
constantly replicates. Reactivation of viral repli-
cation from persistent cccDNA is the main source
of manifest hepatitis in immunodeficient patients
and is the resource for new viral particle synthesis
(19).

The replication phase is followed by non-
replication phase of HBV infection. Integration of
viral DNA into chromosomes occurs in the hepato-
cyte nucleus. Integrated ccc DNA cannot function
as a template for pregenomic viral RNA. In non-
replication phase, HBV replication markers disap-
pear from the serum (HBV DNA, HBeAg) and from
the liver (HBcAg). Seroconversion of HBeAg into
anti HBe antibodies then occurs. However, HBsAg

CYTOPLASM INFECTION

Virion
<7. .
£
- W

Receptor
Co-Receptors(?)

gndocytost
Nuclear
Transport

) synthesis

N

Genomic &
Sub genomic RNAS

[ S— V)
3.5Kb pgRNA
RNA P9 Transcription
Transport 24Kb @

0.7Kb

NUCLEUS

Figure 3. Replicative cycle of hepatitis B virus in the hepatocyte
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conversion is rare. HBsAg is still produced from
the ccc DNA genome of hepatocyte nuclei. This
phase correlates with clinical disease remission. It
is characterized by low infectivity, progression
from chronically active to chronically persistent
hepatitis or inactive cirrhosis (20).

Exacerbation of HBV replication and reac-
tivation of HBV infection can be stimulated by im-
munosuppressive therapy, organ transplantation
and by superinfection by other hepatotropic viru-
ses as well (HCV, HDV, HGV) (21).

Stages of chronic hepatitis B

Chronic HBV infection is a dynamic process
divided into 5 phases.

The first phase is the immune tolerant
phase. It is characterized by HBeAg in the serum,
high viremia (high levels of HBV DNA in the
blood), normal aminotransferase levels, and mi-
nimum liver necroinflammation. According to
some studies, HBeAg is believed to be a tolerance
factor, meaning that it could affect T-cell non-
reactivity. This phase is longer in perinatally or
early childhood infected patients. It can last for
decades (10-30 vyears). Due to high levels of
viremia, these patients are highly contagious. The
immune tolerant phase does not necessarily have
to be present.

The second phase is an immune-active or
immune-eliminatory phase. It is characterized by
an increased transaminase activity (more than 5
times) preceded by elevation of viremia, that is
HBV DNA. In this phase, the activity of cytotoxic
T-lymphocytes (CTL cells), which lyse the infected
hepatocytes, is high. It is accompanied by a pro-
nounced liver necroinflammation. After a rise in
HBV DNA and transaminase, their levels progres-
sively decrease. Spontaneous conversion, the loss
of HBeAg and gain of anti-HBe antibodies may
also occur in this phase. In most patients, HBeAg
seroconversion marks the transition from chronic
to *healthy carrier’ (inactive CHB) form.

The third phase is inactive phase or im-
mune-control phase. It is characterized by the
maintenance of HBsAg, HBeAg-negative and-HBe
antibodies positive, low serum HBV DNA levels (<
2000 IU/ml) and normal serum aminotransferase
levels. The results of immunological control of the
infection suggest a favourable long-term outcome.
The risk of cirrhosis or HCC development is very
low. The survival rate after 25 years in these pa-
tients is about 25%.

The fourth phase is reactivation phase. It is
a late phase in the natural course of chronic HBV.
Reactivation follows seroconversion from HBeAg to
anti-HBe antibodies in immunodeficiency condi-
tions and in patients undergoing immunosuppres-
sive therapy. It is characterized by periodical
reactivation of the disease, fluctuating HBV DNA
levels, as well as fluctuating aminotransaminases.
In this phase, CHB is an active disease with a high
risk of fibrosis progression and the development of
cirrhosis and HCC (22).

The fifth phase is HBsAg negative phase. It
develops after HBsAg loss and is characterized by
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low-level HBV replication, with blood HBV DNA
levels of <200 IU/ml. Loss of HBsAg is associated
with a more favourable outcome and reduced risk
of disease progression.

There are two forms of CHB infection: hepa-
titis B antigen (HBeAg) positive and hepatitis B
antigen (HbeAg) negative (23, 24).

HBeAg positive chronic hepatitis B

This form of hepatitis develops due to HBV
infection with wild-type virus and is characteristic
for early CHB phase. The course of an HBeAg
positive infection depends mostly on the age at
which primary infection is acquired. It occurs more
frequently at a younger age, namely in persons
who acquired HBV infection in childhood. A peri-
natal infection after 10-30 years results in mode-
rate or severe CHB. Adults infected later in life
present moderate to severe HBeAg positive infec-
tion.

Spontaneous seroconversion (loss of HBeAg
and presence of anti-HBe antibodies in the se-
rum), occurs in 50-70% of patients. Predictive fac-
tors of spontaneous seroconversion are female
gender and high serum transaminase levels.

In most patients, an HBeAg seroconversion
marks the transition from chronic disease to a
healthy carrier state. This phase of CHB is cha-
racterized by the presence of HBsAg, anti-HBe
antibodies and low or undetectable levels of viral
replication (HBV DNA), as well as normal tran-
saminase activity.

The prognosis of healthy carrier state is
usually good. Reactivation of the disease occurs
during immunodeficiency and after immunosup-
pressive therapy (corticotherapies, chemothera-
pies and immunotherapies) (25).

HBeAg negative chronic hepatitis B

This form of hepatitis is caused by a mutant
form of HBV. Mutation in the precore region
creates a premature stop codon, causing the loss
of HBeAg and resulting in premature termination
of protein translation. This form of CHB occurs in
the later phase of chronic HBV infection. It is
characterized by unstable course, fluctuations in
serum transaminases and HBV DNA levels. The
patients with this form of hepatitis tend to be older
males. The prognosis is poor and the patients are
more likely to have rapid development and pro-
gression of fibrosis, development of cirrhosis and
HCC (26, 27).

Clinical manifestation of chronic hepatitis B

Chronic hepatitis B is an insidious disease.
Its course is mostly asymptomatic. It is detected
accidentally on routine examinations by the
findings of elevated transaminases in the blood,
findings of HBsAg in voluntary blood donors’ se-
rum, as well as by blood testing after surgical
interventions. About 30% of patients have non-
specific symptoms, such as exhaustion (most
commonly), fatigue, dyspeptic syndrome (loss of
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appetite and nausea), dull epigastric pain and
right subcostal pain, as well as muscular and joint
pain.

Elevated temperature rarely occurs. Sym-
ptoms of the disease do not always correlate with
the severity of liver damage. Most patients do not
have anamnestic data about the preceding acute
hepatitis. It is an indication that patients with
mild, anicteric or asymptomatic form of acute
hepatitis B are at a higher risk of acquiring CHB. It
has been proven that in about 20% of patients
infected with hepatitis B virus the disease progres-
ses into chronic form (28).

Physical findings of CHB are unspecific.
Slightly enlarged and hard consistency liver is
most commonly present, but icterus and spleno-
megaly are not so common. Intermittent or pro-
nounced icterus, splenomegaly, hemorrhage, spi-
der nevi, and ascites accompany an already pre-
sent liver cirrhosis. In some patients with clinical
presentation of CHB, predominant extrahepatic
manifestations include polyarteritis nodosa, glo-
merulonephritis, neuropathies, myocarditis, pan-
creatitis and some others.

The course of CHB depends on age, gender,
mode of transmission (the amount of virus in the
body), degree of virus replication and immune
response of the host. Progression of CHB into liver
cirrhosis and HCC depends on multiple factors,
such as the time of acquiring primary infection,
constant alcohol intake and smoking, exposure to
alpha toxins, coinfections with other viruses (HDV,
HCV, HIV), family history and pre-sence of other
liver diseases as well (29).

Diagnosis of chronic hepatitis B

A combination of biochemical, serological
and virological testing, along with histological fin-
dings on biopsy, is the most reliable approach in
the diagnosis of CHB.

Moderately elevated transaminase activity
suggests that disease activity is in progress. Etio-
logical diagnosis of HBV infection is established by
detecting HBsAg in serum using the ELISA test. In
most patients, HBeAg detection in the serum s
required, as well as HBcAg in the liver tissue.

HBsAg appears a month and a half after the
time of infection in the period of incubation, or 1-2
weeks before the first symptoms of the disease
occur. In convalescent phase of self-limited hepa-
titis B, HBsAg slowly disappears by seroconversion
into anti-HBs antibodies which are immunogenic
and life-long.

Biochemically, persistence of elevated ami-
notransferase activity indicates a progression of
acute into chronic hepatitis B infection. Persistence
of HBV DNA over 8 weeks, HBeAg more than 10
weeks and HBsAg longer than 6 months in the
serum also suggest a progression of acute into
CHB. In CHB, HBsAg quantitative test is significant
for the introduction or discontinuation of therapy
(30).

In most patients, continuous viral replication
correlates with disease activity and is associated
with necroinflammatory activity of the liver

parenchyma (piecemeal and confluent bridging
necrosis). Active CHB disease is characterized by
high levels of HBV DNA and HBeAg in the serum
and HBcAg in the liver (chronic active hepatitis)
(31).

In non-replicative phase, disease remission
is achieved either spontaneously or as the therapy
effect. HBV DNA and HBeAg in the serum become
undetectable and HBeAg seroconversion occurs.
After that, most patients have an inactive phase of
liver disease. They are often healthy carriers of
HBsAg.

The presence of HBV DNA in the serum can
be proved by HBV DNA sensitivity test, such as
polymerization of nucleic acid (PCR) (32). The
diagnosis of chronic infection course is primarily
based on the detection of HBV DNA levels, as well
as on application of serological tests to evaluate
HBeAg seroconversion. HBsAg seroconversion is
rarely achieved. The level of viremia during a
chronic HBV infection is clearly disease phase rela-
ted.

In the immune-tolerant phase, a high de-
gree of viremia (>108 copies/ml) is seen, as well
as normal ALT activity. In the immune eliminatory
phase the degree of viremia is between 105 and
109 copies/ml serum, with ALT elevation and signs
of necroinflammatory damage on liver biopsy (33,
34). Histopathological findings (by way of im-
munochemical staining for HBcAg) reveal the
disease activity dependent degree of HBcAg (a
marker of viral replication) expression in hepato-
cyte nucleus and cytoplasm. In inactive liver di-
sease, HBcAg is diffusely present in the cytoplasm
(vs focally in active liver disease) (35). The inac-
tive phase is characterized by low viremia (<105
copies/ml) in the serum and by ALT level norma-
lization.

Liver biopsy and histopathological finding is
a reliable method to confirm the diagnosis and in
disease progression monitoring. In acute hepatitis,
histopathological findings show some conspicuous
changes in the acinus and less conspicuous in the
portal tract, with an intact limiting plate. In CHB,
changes are more pronounced in the portal tract
and are periportally spread, disturbing the limiting
plate between the portal area and lobules.

The aim of histopathological liver testing is
to analyze the degree of necroinflammation and
fibrosis. Such a developed system detects each
structural change in the liver.

Gerber and Metavir current classifications of
necroinflammation and fibrosis severity use a nu-
merical scoring system to assess the changes that
are quantitatively and qualitatively graded (36).

Necroinflammatory activities are numerically
rated as follows:

AO- no activity

Al- mild activity

A2- moderate activity

A3- severe activity

The amount of fibrosis is assessed and rated
according to the thickness of the septal connective
tissue and surrounding portal involvement:

FO- no fibrosis

F1- mild portal fibrosis without septa
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F2- moderate portal fibrosis with few septa

F3- severe fibrosis, numerous septa without
cirrhosis

F4-liver cirrhosis

Chronic hepatitis B therapy

The main goal of chronic HBV infection
treatment is the suppression of viral replication
and sustained immune control (SIC). SIC is ob-
tained by way of replication marker decrease (HBV
DNK <2000 IU/ml or 104 copies/ml), HBeAg se-
roconversion and by reduction of transaminase
levels within reference values. The desired end-
point of CHB therapy is to achieve undetectable
viremia (CBV DNA <10-15 IU/ml), which is defi-
ned by a PCR test. Undetectable levels of HBV
DNA increase the possibility of HBe seroconversion
and HBsAg loss both in HBeAg positive and HBeAg
negative patients. In this way, extrahepatic com-
plications are prevented, the risk of cirrhosis and
HCC development is reduced, and survival rate is
improved. HBsAg loss is a marker of stable remis-
sion.

The National Institute of Health established
the definition and criteria for CHB treatment in
2003, and a standardized approach to define a
response to anti-viral therapy was adopted. The
response was defined as biochemical response
(normalization of serum ALT), virological response
(decrease in serum HBV DNA or loss of HBeAg in
HBeAg positive patients) and histological response
(decrease in necroinflammatory score on liver bi-
opsy by at least 2 points compared to the pre-
treatment score). A complete score involves the
fulfillment of all three previous criteria. A response
can be achieved during the treatment, at the end
of the treatment, or 6-12 months after cessation
of the therapy (37, 23).

Before the introduction of therapy, the fac-
tors that should be considered include the HBV
DNA level, transaminase activity, level of necro-
inflammatory activity, level of fibrosis, patient’s
age, health status and availability of antiviral
drugs.

Therapeutic approaches are different in re-
lation to the form of hepatitis B (HBeAg positive or
HBeAg negative hepatitis forms). There are two
treatment strategies for a CHB infection. The first
one stimulates insufficient, but already activated
host Thl response that lyses the infected hepato-
cytes and the second is the one that suppresses
viremia. The basis of immune therapy for CHB has
been the use of interferon since the early 1960s
(38). Interferon has immunomodulatory, antiviral
and antiproliferative effects. Immunomodulatory
effect includes the enhancement of cell immune
response by CTL cell stimulation, activation of
macrophages and NK cells, stimulation of CD4 T-
helper cells, and increased density of HLA class I
on the surface of infected hepatocytes.

In low viremia (HBV DNA <107copies/ml),
Peg-interferon alpha-2a (PEG IFN alpha-2a) is the
first line antiviral treatment for HBeAg positive
hepatitis.The best effect of PEG IFN alpha-2a has
been shown in genotypes A and B in younger
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patients. The combination of PEG ITN alpha-2a
and lamivudine showed a higher response rate,
but not a more durable posttreatment response.

The main advantages of interferon therapy
are its finite duration, absence of resistance,
longer duration of achieved therapeutic response
and probability of HBsAg clearance. The level of
HBsAg in serum correlates with the level of HBV
cccDNA in hepatocytes. That is why serum HBsAg
clearance is considered to be the best indicator of
stable disease remission. PEG IFN alpha-2a is used
at a dose of 180 pg weekly for 48 weeks. How-
ever, interferon has certain limitations, such as
insufficient viremia suppression (HBV DNA) and
numerous side effects (neutropenia, thrombocyto-
penia, skin disorders, depression exacerbation,
thyroid dysfunction, increased risk of insulin re-
sistance and type 2 diabetes and exacerbation of
autoimmune diseases) (39).

In patients with contraindications or without
stable remission, the second choice for achieving
remission is the application of another type of
antiviral therapy, namely HBV inhibitor therapy
classified into two groups: nucleotide analogues
and nucleoside analogues. HBV inhibitors inhibit
viral replication in two ways. They are incor-
porated into a DNA virus and inhibit DNA elon-
gation or directly block reverse transcriptase. This
group of nucleotide inhibitors includes lamivudine,
which inhibits viral DNA synthesis by terminating
the replication chain (40).

Lamivudine is used in the treatment of chro-
nic active hepatitis B in patients with compensated
and decompensated liver and in patients under-
going liver transplantation for HBV infection.
Lamivudine is well tolerated and is given at a dose
of 100 mg daily. Therapeutic effects are achieved
after 6 months of therapy (loss of replication
markers, ALT level normalization and reduction of
necroinflammatory activity). However, a limitation
is the reversal of HBV DNA level to the base level
upon discontinuation of the therapy, accompanied
by transaminase elevation. The treatment of pa-
tients with decompensated cirrhosis and HBV
infection has shown significantly improved bio-
chemical and histopathological findings. After liver
transplantation in HBV infected patients, lami-
vudine demonstrated substantial suppression of
HBV replication, thus preventing reinfection and
rejection of the graft (41).

First line monotherapy tenofovir or entecavir
is offered to patients with HBeAg positive hepatitis
B low viremia levels in whom HBeAg interferon
conversion failed, to those who are HBeAg positive
with moderate to severe viremia, and to patients
with HBeAg negative hepatitis B low viremia.
Entecavir and tenofovir are potent inhibitors of
HBV replication with a high barrier of resistance.

Entecavir is substantially superior (30 to
2200 times) in achieving the inhibition of DNA
replication in comparison to lamivudine. In pa-
tients with proved resistance to lamivudine, ente-
cavir monotherapy is not recommended. Entecavir
is given in the form of a tablet at a 0.5 mg daily
dose. It inhibits the transcription of negative chain
and synthesis of positive chain viral DNA (42).
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The second group of HBV inhibitors are
nucleotide analogues. They include two drugs,
tenofovir and adefovir. They are in a triphosphate
form, and cell phosphorylation is therefore not
required. Both drugs have an impact on primary
reverse transcription inhibition and viral minus
DNA chain synthesis. Tenofovir is given orally at a
dose of 245 mg daily, it is well tolerated and is
used for the treatment of active hepatitis with
constant virus replication, constantly elevated ALT
level and active histological inflammation and
fibroses. It has a high resistance threshold during
a 2-year treatment. Besides the antiviral effect,
adefovir has an immunomodulatory effect as well
and enhances the NK cell activities. It is effective
in the treatment of HBV mutant forms, HBV wild
forms and lamivudine resistant HBV. Its ef-
fectiveness has been proved in reducing cccDNA,
and in virus replication in the biliary tree as well.
Due to its potent suppression of viral replication, it
is administered to patients in post-transplantation
period to prevent graft reinfection and to those
with compensated and decompensated cirrhosis
with HBV infection. The dose is 10 mg a day (43,
44).

A long-term nucleoside analogue treatment
is applied in the cases when sustained virological
response (SVR) is not achieved in patients with
high pre-treatment levels (HBV DNA >108 co-
pies/ml) in the presence of cirrhosis.

The therapy is discontinued in the absence
of primary response (more common for adefovir)
and a more potent suppressive drug is recom-
mended (entecavir or tenofovir). In partial viral
response (for lamivudine, telbivudine, adefovir),
two strategies are employed: switching to a more
potent drug (entecavir or tenofovir) or addition of
a drug that does not show cross-resistance (ad-
ding tenofovir to lamivudine, orantecavir to ade-
fovir).

However, if a virological breakthrough (anti-
viral drug resistance) occurs during the treatment
of patients with high pre-treatment HBV DNA
levels, or in previously untreated patients, a bio-
chemical breakthrough follows and then a clinical
breakthrough as well. The only efficient strategy in
virological breakthrough is the addition of a se-
cond drug (salvage therapy - in case of lamivudi-
ne resistance tenofovir should be added, emtri-
citabine to tenofovir, tenofovir to entecavir, teno-
fovir to telbivudine). Combined therapy of potent
suppressors of HBY DNA with high barrier for re-
sistance development (most commonly entecavir
and tenofovir) is applied in patients with compen-
sated and decompensated cirrhosis, in patients
with extrahepatic manifestations, at immunosup-
pressive therapy introduction, and before and
after liver transplantation as well (1).

Prevention of HBV infection

Prevention of hepatitis B may be passive,
active and combined. Passive protection involves
the application of protective anti-HBs - hepatitis B
surface antibody levels (Hepatitis B immunoglo-
bulin-HBIG). Active protection means getting the

vaccine (specific surface antigens, HBsAg) that
elicits the synthesis of specific antibodies. Com-
bined protection involves the application of both
passive and active protection.

Nowadays, a genetically engineered and
yeast-based second generation vaccine is used.
The vaccine is administered to adults on a 3-dose
schedule at 0, 1 and 6 months since the first del-
toid muscle intramuscular injection. The vac-
cination dose for adults is from 20 pg, and half-
dose of adult vaccine is administered to infants.
Immunosuppressed persons receive a higher-dose
vaccine (40 ug) given in a 4-dose schedule at 0, 1,
2 and 12 months. A vaccinated person is consi-
dered protected if the level of anti-HBs antibodies
in the serum is above 10 IU/ml after the third
application. A protective anti-HBs antibody in im-
munocompetent persons is maintained for about 9
years.

A HB vaccine in combination with HBIG is
applied in infants born from HBsAg and HBeAg
positive mothers and in persons who are at direct
risk of HBV infection (for example, needle stick
contaminated with HBsAg positive blood, sexual
contact with HBsAg positive persons, and so on).
The HBIG dose is 0.06 ml/kg of the body mass,
and in newborns 0.5 ml/kg. In the aforementioned
cases, passive protection should always be combi-
ned with the vaccine.

Infants born to HBsAg and HBeAg positive
mothers should receive 0.5 ml HBIG after birth
without any delay (in the first two hours after
birth) and the first vaccine dose within 7 days af-
ter birth.

The level of seroconversion (occurrence of
anti-HBs antibodies in the serum) is achieved after
the third vaccine in 96-100% of children and ado-
lescents.

The latest third generation vaccine contains
pre-S1, pre-S2 and S antigenic components of
HBsAg of both subtypes. It could be effective for
those who need rapid and high-degree serocon-
version (for example, in the prevention of HBV
transmission from a mother to her child). Since
the number of people with chronic HBV infection is
globally high, continuous efforts in the prevention
and immunization should be made in order to
eradicate HBV (45-47).

Conclusion

In CHB infection, hepatitis B virus often
mutates and its genome remains incorporated into
the host hepatocyte genome, being often inac-
cessible to antiviral therapy effects. Once a person
has been infected with this virus, it stays in the
body forever. Hepatitis B virus has a strong
oncogenic potential and out of all hepatotropic vi-
ruses it is the most common cause of HCC. He-
patitis B virus is responsible for 2/3 of all HCC
cases. There is a great proportion of patients with
CHB in the end-stage of the disease and the ulti-
mate cure for them is liver transplantation. In a
large number of cases, CHB infection is asympto-
matic. Liver biopsy and histopathological findings
are of utmost importance in the confirmation of
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the diagnosis, disease progression monitoring and

cate HBV infection by mandatory immuniza-tion of

assessment of therapy effects. all unvaccinated and incompletely vac-cinated
Due to the course and severe complications  persons.
of CHB infection, efforts should be made to eradi-
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Virus hepatitisa B je primarno hepatotropni virus koji je izaziva¢ kako akutnog tako
i hroni¢nog hepatitisa B. Primarni hroni¢ni hepatitis B je najéeS¢e samoograni¢avajuca
bolest sa kompletnim izleCenjem za 2-3 meseca od pocetka bolesti. Smatra se da je 2/3
svetske populacije tokom Zzivota bilo u kontaktu sa hepatitis B virusom.

Zahvaljujuéi uvodenju obavezne imunizacije protiv hepatitisa B, ucestalost
hroni¢nog hepatitisa B je prema podacima Svetske zdravstvene organizacije u opadanju.
Medutim, kod oko 400 miliona ljudi svetske populacije razvice se hronicni hepatitis B.
Cinjenica je da godisnje Sirom sveta umire viSe od jednog miliona ljudi od hronic¢nog
hepatitisa, ciroze jetre ili hepatocelularnog karcinoma (HCC). To znaci da je hronicni
hepatitis B globalni zdravstveni problem.

Pravovremena dijagnoza i adekvatna terapija znacajno usporavaju tok i progresiju
hroni¢nog hepatitisa B.
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