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Viral hepatitis is a significant disease afflicting hundreds of millions of people. Hepatitis-
causing viruses initiate significant morbidity and mortality by establishing both acute and
chronic infections, and several of these viruses are specifically associated with the develop-
ment of hepatocellular carcinoma (HCC). Consequently, intense research efforts are focused
on increasing our understanding of virus biology and on improving antiviral therapy. Even
though viral hepatitis can be caused by several viruses from a range of virus families, the
discovery of components of the hepatitis B virus (HBV) became a catalyst for the development
of diagnostic assays that differentiate between these viruses as well as strategies for novel
methods of vaccine development. Improvements in both the treatment and prevention of
viral hepatitis are advancing rapidly. However, HBV, along with the associated infection by
the hepatitis D virus, is still among the most common pathogens afflicting humans.

ver the past 50 years we have witnessed

major advances in the study of the epide-
miology, diagnosis, pathogenesis, natural histo-
ry, treatment, and prevention of viral hepatitis.
Viral hepatitis A, B, C, D, and E are well defined.
There are safe and effective vaccines for hepatitis
A and B, but not yet for hepatitis C. Hepatitis
E vaccines have been developed more recently.
Treatment for hepatitis B virus (HBV) infection
is effective in rendering patients HBV DNA neg-
ative, stopping necroinflammation and often
resulting in regression of fibrosis. Monumental
achievements in the treatment of hepatitis C vi-
rus (HCV) infection have led to interferon
(IFN)- and ribavirin-free curative oral therapy
with combinations of direct antiviral agents, and
we are quickly approaching short-term pan-
genotypic curative regimens.

In this review, we highlight the historical
evolution of viral hepatitis, and this monograph
specifically addresses the status of hepatitis B
and D. Clearly, the challenge is to cure hepatitis
B with finite therapy that will eradicate cova-
lently closed circular DNA (cccDNA) and elim-
inate the possibility of reactivation of viremia
without persistence of hepatitis B. Thus, hepa-
titis D virus (HDV) infections will also resolve
because HDV requires HBV envelope proteins
for the production of infectious virus particles.
However, even with the eradication of hepatitis
B and C viremia, progression of cirrhosis in
some and the risk for hepatocellular carcinoma
(HCC) will haunt us for decades.

Throughout the world over the past century,
viral hepatitis has emerged as a significant pub-
lic health issue afflicting hundreds of millions of
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people. Hepatitis-causing viruses initiate signif-
icant morbidity and mortality by establishing
both acute and chronic infections. In addition,
several of these viruses are specifically associated
with the development of HCC, which is one
of the few cancers that is increasing in incidence.
Furthermore, chronic infection frequently caus-
es liver cirrhosis and hepatic decompensation,
necessitating liver transplantation to ensure sur-
vival of the patient. Although the agents causing
viral hepatitis are classified in diverse virus fam-
ilies, they all share the common ability to repli-
cate in hepatocytes.

More than two billion people are estimated
to have been infected by the HBV, and, of the
total, there are >300 million HBV-infected in-
dividuals globally who are considered chronic
carriers. Blood transfusion, sexual contact, and
vertical transmission during childbirth are still
the primary means of transmission of HBV
among humans. Although successful vaccina-
tion strategies for HBV have been implemented

throughout the world, new infections continue
to occur. For HBV-infected patients, current
therapy is very effective at achieving viral sup-
pression; however, these medications can be
very expensive and rarely lead to a durable
cure. Consequently, intense research efforts are
focused on increasing our understanding of vi-
rus biology and on improving antiviral therapy
using novel therapeutic strategies to facilitate
viral eradication.

Modern viral hepatitis research began in
1963 with the discovery of Australian antigen
by Baruch Blumberg and Harvey Alter (Fig. 1).
Although the transmission of viral hepatitis had
been known to occur almost 100 years earlier
through vaccination efforts and blood trans-
fusions, this discovery initiated focused efforts
to determine the molecular characteristics of
agents causing viral hepatitis. Even though viral
hepatitis can be caused by several viruses from a
range of virus families, the discovery of compo-
nents of the HBV became a catalyst for the de-

Milestones in hepatitis B virus (HBV) research and treatment

17th-19th centuriesl | Outbreaks of epidemics of jaundice in military and civilian populations during wars |

| Characterization of outbreaks of serum hepatitis following vaccination |

Virologic

characterization

| McDonald postulates that the infectious jaundice is caused by a virus |

1939-1945

| WWII—A series of outbreaks after vaccination for measles and yellow fever |

| MacCallum classifies viral hepatitis into two types; viral hepatitis B was classified as serum hepatitis

| Blumberg discovers Australia antigen (HBsAg) in aborigines |

| Dane discovers the dane particle (complete HBV particle) |

| Plasma-derived HBV vaccine

FDA approves interferon-o. 2b to treat hepatitis B |

| FDA approved Lamivudine to treat hepatitis B

| FDA approved Adefovir dipivoxil to treat hepatitis B |

2002

FDA approved the use of long-acting interferon (peginterferon o.-2a) to treat hepatitis B |

2005

| FDA approved entecavir to treat hepatitis B

Therapeutic
development

| FDA approved telbivudine to treat hepatitis B |

2006

| FDA approved tenofovir to treat hepatitis B | 2012

Figure 1. Timeline for milestones in HBV research and treatment.

2 Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a021345

© 2015 by Cold Spring Harbor Laboratory Press. All rights reserved.


http://cshlpress.com/default.tpl?action=full&src=pdf&--eqskudatarq=1053

This is a free sample of content from The Hepatitis B and Delta Viruses.
Click here for more information on how to buy the book.

velopment of diagnostic assays that differentiate
between these viruses as well as strategies for
novel methods of vaccine development. In ad-
dition, early screening efforts for HBV greatly
contributed to the largest decrease in blood
transfusion—associated hepatitis to this date.
Improvements in both the treatment and pre-
vention of viral hepatitis are advancing rapidly;
however, HBV, along with the associated infec-
tion with HDV, are still among the most com-
mon pathogens afflicting humans.

HISTORY OF VIRAL HEPATITIS
Early Characterization

Although precise insights into the molecular
components of these viruses have been generat-
ed within the last half century, viral hepatitis,
initially designated as “epidemic jaundice,” was
described in around 400 B.c. (Hippocrates). Sev-
eral hundred years later, in the 8th century
AD., Pope Zacharias quarantined individuals
with jaundice to prevent its spread through-
out Rome, suggesting that the infectious nature
of this clinical finding was apparent (Martin
2003). Interest in the basis of this disease in-
creased in 1865, when Rudolf Virchow de-
scribed a patient with symptoms of epidemic
jaundice in whom the lower end of the common
bile duct was blocked with a plug of mucus. This
led to the term “catarrhal jaundice,” because the
disease was believed to be caused by catarrh as
a result of mucus obstructing the bile duct. This
caused confusion and limited progress in the
understanding of the etiology behind epidemic
jaundice (Gruber and Virchow 1865). Initially,
the diagnosis of hepatitis required the existence
of clinical features of hepatic injury and cor-
responding gross diagnosis if a liver biopsy
was performed. In addition, evidence consistent
with what was then known about the natural
history of hepatitis was needed through the pa-
tient’s history. For example, attempts at the eti-
ologic diagnosis relied on estimates of incuba-
tion periods that required the patient to recall
and recognize probable exposures that might
serve as sources of infection. In many instances
the responsible exposure was not identified,
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and, therefore, the time and manner of inocu-
lation could not be determined. Even when a
specific exposure was identified, overlapping in-
cubation periods often resulted in misclassifica-
tion of the disease (Feinstone et al. 1973).

Real insights into the transmissibility of vi-
ral hepatitis emerged in the 19th century as
a result of epidemics of jaundice in military
and civilian populations. A. Lurman published
seminal work in 1885 showing that hundreds
of individuals vaccinated to prevent smallpox
subsequently became victims of jaundice. As
described in this early publication (Lurman
1885), more than a thousand shipyard workers
were initially vaccinated with lymph or intersti-
tial fluid from previously exposed individuals
because of a smallpox epidemic that occurred
in Bremen in 1883. Several weeks later following
vaccination, hundreds of the vaccinated ship-
yard workers fell ill and were diagnosed with
jaundice. However, many other shipyard work-
ers who were inoculated with lymph collected
from different sources remained healthy. Al-
though the etiologic agent was not discovered,
the cause of this epidemic was carefully docu-
mented, providing proof that the lymph from
contaminated sources or individuals was the
predominant reason for the outbreak. These ob-
servations eventually gave rise to the term “se-
rum hepatitis” (Findlay and MacCallum 1938),
and in 1908, S. McDonald published his hy-
pothesis that infectious jaundice was transmit-
ted through viral infection (McDonald 1908).

During the early 20th century, research on
viral hepatitis was largely descriptive, with only
the causes of epidemics of jaundice being iden-
tified. After Lurman’s work was published in
1885, many other epidemics were subsequently
reported. Most of these occurred after 1909 with
the introduction of the hypodermic needle.
These were initially widely used and reused for
administration of treatment for syphilis or try-
panosomiasis. Interestingly, between 1939 and
1945 during World War 11, a series of outbreaks
of jaundice were reported after vaccination for
measles and yellow fever. One of the largest of
these outbreaks occurred in 1942, with ~50,000
episodes of jaundice reported among soldiers
in the U.S. Army following administration of a
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yellow fever vaccine that contained human se-
rum (Seeff et al. 1987; Martin 2003).

At the time of the Second World War, infec-
tions of the liver were believed to be caused by
several distinct viruses, and this led to use of the
term “viral hepatitis.” Concomitantly, the use
of aspiration needle biopsy in the liver for histo-
logic characterization showed that epidemic
jaundice was an inflammatory process and not
an obstructive phenomenon as described by Vir-
chow (Anonymous 1943; Sherlock 1984). In
1947, after almost 10 years of inquiry into the
nature of this illness, EO. MacCallum, a British
hepatologist, classified viral hepatitis into two
subtypes, namely, hepatitis A and hepatitis B
(MacCallum 1947). Within this nomenclature,
hepatitis A was designated as “infectious or ep-
idemic” hepatitis and hepatitis B was designated
as “serum” hepatitis to correspond with their
observed routes of transmission. Even before
the isolation of the causative viral agents, data
from several epidemiologic studies showed that
hepatitis Awas mostly spread through the fecal -
oral route, whereas hepatitis B transmission
took place parenterally. Subsequently, the World
Health Organization (WHO) adopted these vi-
ral hepatitis terminologies.

Following the outbreaks that occurred in the
1940s, it became apparent that focused studies
in humans would lead to significant advance-
ment in the understanding of epidemic jaun-
dice. Trials were conducted with incarcerated
and mentally handicapped individuals using
experimental methods that included directly
administering contaminated material through
several different routes of administration (Mel-
nick and Boggs 1972). Saul Krugman con-
ducted studies at the Willowbrook State School
in New York that further distinguished the two
types of hepatitis. The first, designated as MS1,
was characterized by a shorter period of elevated
liver enzymes and incubation of ~40 days that
was extremely contagious and resembled infec-
tious hepatitis. The second, designated as MS2,
was characterized by longer periods of trans-
aminitis and incubation and was less conta-
gious. Patients infected with MS1 were subse-
quently immune to further infection with MS1
but not from infection with MS2. Furthermore,

patients infected with MS2 material were not
immune to infection with MS1 material. These
studies confirmed that there were two main
routes of spread most probably by two different
pathogens, as indicated by the nomenclature
previously mentioned (Krugman et al. 1967).

Discovery of the Australian Antigen

The early 1960s marked several important mile-
stones in the history of viral hepatitis, catapult-
ed by the discovery of the HBV surface antigen
by Blumberg and Alter. Although it was a pecu-
liar and serendipitous discovery, Blumberg’s
previous exploits had enabled the initial exper-
iments to be conducted. In the 1950s, he col-
lected blood samples from several indigenous
populations located throughout the world. His
goal was to study the inherited diversity in hu-
mans with a focus on finding the basis behind
variability in disease susceptibility and out-
comes. After these initial blood collection ef-
forts, Blumberg assumed a position at the Na-
tional Institutes of Health (NIH), where at the
same time Alter was studying patients who had
undergone a blood transfusion and subse-
quently developed febrile transfusion reactions.
Using agar gel double diffusion, also known as
Ouchterlony, Alter began testing serum from
patients who had received multiple transfusions
against serum that Blumberg had collected from
individuals during his travels (Gerlich 2013).
Initial efforts were focused on identifying new
serum lipoproteins because Blumberg had al-
ready established that lipoproteins were poly-
morphic between individuals (Blumberg and
Riddell 1963; Alter 2014).

The single most important event in hepati-
tis discovery and prevention was made in 1963
with the crude identification of the HBV sur-
face antigen specifically through an Oucther-
lony reaction between serum from an Australian
aborigine and a hemophiliac patient (Blumberg
etal. 1965). However, it was an unexpected find-
ing because this initial precipitate did not take
up a lipid stain that usually marked their pre-
vious Ouchterlony reactions. Surprisingly, a
protein counterstain effectively marked the
precipitate (Alter 2014). The identified protein,
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subsequently designated the Australian antigen
(AuAg), was found to be present at high frequen-
cy in leukemia patients and in children with
Down’s syndrome, initially masking its true as-
sociation with an agent of viral hepatitis that was
a hypothesis at the time. (Blumberg et al. 1967).
By 1967, accumulating evidence showed a strong
correlation between the presence of AuAg and
viral hepatitis, and this hypothesis was bolstered
when a technician in Blumberg’s laboratory de-
veloped hepatitis and was later found to be pos-
itive for the AuAg. In 1968, Prince, Murakami,
and Okochi, through independent studies that
built on the work of Krugman’s characterization
of MS1 and MS2, confirmed that AuAg was
found specifically in patients who had serum
hepatitis (Okochi and Murakami 1968; Prince
1968).

Development of Tools to Screen
for Viral Hepatitis

With the confirmed association between viral
hepatitis and the presence of the AuAg, Blum-
berg and Alter, along with others at the NIH,
engaged in the development of screening and
diagnostic tests to prevent hepatitis following
blood transfusions. Initially, Ouchterlony was
found to be fairly sensitive and specific, and it
was subsequently used as a crude screening tool
that became the first-generation test for viral
hepatitis screening. This was rapidly followed
by more sophisticated tests, such as radioimmu-
noassay that were more objective and quantita-
tive measurement methods as opposed to using
Ouchterlony, which was somewhat subjective
(Gerlich 2013). These initial screening efforts
contributed to the greatest decrease in incidence
of transfusion-associated hepatitis, from 30% to
~10% during the 1970s (Alter 2014).

Discovery That AuAg Was the HBsAg

During the early 1970s it was unclear exactly
what AuAg was. At that time Blumberg and
his team conducted studies examining purified
AuAg using electron microscopy (EM). Using
this technique they identified small round par-
ticles of variable size that, importantly, did not
contain any nucleic acid. The fact that the AuAg
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was free of nucleic acid was also confirmed us-
ing other complementary techniques (Gerlich
2013). Concurrently, David S. Dane in 1970
used EM to inspect AuAg immune complexes
as opposed to purified AuAg. In addition to the
small particles observed by Blumberg’s group,
he also visualized larger particles similar in size
to other viruses with a clearly visible inner core.
Biochemical studies on the “Dane” particle re-
vealed that this inner core was the nucleocapsid
(HBV core antigen) and the outer surface pro-
tein was the AuAg, which was then designated as
the HBV surface antigen (HBsAg) (Dane et al.
1970). The DNA genome of HBV was also iden-
tified during the same period, with DNA poly-
merase activity being discovered first in prep-
arations of purified AuAg. Subsequently, the
actual DNA genome was crudely identified as
a product of this DNA polymerase activity. The
presence of this endogenous DNA confirmed
that the Dane particles contained intact HBV
virus with its nucleic acid genome (Hirschman
et al. 1971; Kaplan et al. 1973). After some time
the HBV genome was ultimately cloned from
the nucleic acid contained in the Dane particle
(Robinson et al. 1974), and this cloned DNAwas
injected into the livers of chimpanzees, resulting
in acute HBV infection and further providing
strong evidence that the Dane particles con-
tained infectious HBV (Will et al. 1982).

Vaccine Development with HBsAg
and Antiviral Therapy

Discovery of HBsAg in humans was also the pre-
dominant driver in the development of the first
vaccine for viral hepatitis by specifically tar-
geting HBV. A highly purified and inactivated
vaccine was made targeting this viral protein
using concentrated HBsAg from healthy hu-
man hepatitis B carrier plasma donors. At the
time, this method was an unprecedented means
of making a vaccine and required additional
steps during the vaccine preparation stages using
treatment with formalin, urea, and pepsin to
inactivate any copurified pathogens (Hilleman
et al. 1975). Initially, the vaccine was tested ex-
haustively for safety in primates, and these ex-
periments showed that it was highly potent
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and induced neutralizing antibody. Specifically,
in controlled studies performed in the mid-
1970s, chimpanzees given three doses of vaccine
were protected against challenge using highly
infectious doses of live human HBV given intra-
venously (Buynaket al. 1976). Subsequent stud-
ies in humans showed that the vaccine was high-
ly protective and safe (McLean et al. 1983).
Because HBV has been clearly shown to be an
agent that promotes the development of HCC,
the HBV vaccine is also considered by many to
be the first effective cancer vaccine. Because of
the efficacy and worldwide use of this vaccine,
some believe that, through his work that led to
the HBV vaccine, Blumberg ultimately prevent-
ed more cancer deaths than any person who has
ever lived. As a result of his scientific achieve-
ments with HBV, Blumberg was awarded the
Nobel Prize in Physiology or Medicine in 1976.
That same year one of the first reports of possi-
ble therapy for HBV was published, with prom-
ising results observed in four patients treated
with IEN (Greenberg et al. 1976). After addi-
tional studies were performed in larger cohorts,
IFNa-2b received U.S. Food and Drug Admin-
istration (FDA) approval as treatment for HBV
in 1981. It took many more years until the
next antiviral agent, lamivudine, received FDA
approval in 1998. Additional antiviral agents
have received FDA approval since then (Fig. 1),
but progress has been slow in this area compared
with HBV vaccine development, which ad-
vanced rapidly.

Discovery of HDV and Other Viral
Hepatidities

Following the discovery of components of the
HBYV virion, efforts increased to identify other
viral pathogens that cause viral hepatitis, and
these subsequent discoveries aided in the even-
tual identification of HDV. The hepatitis Avirus
(HAV) was discovered in 1973, using immune
EM, as was similarly performed previously for
visualization of HBV. Preceding epidemiologic
and direct human experimentation showed that
HAV was transmissible by oral inoculation with
filtered stool extracts from infected patients.
Using this information, Feinstone, Kapikian,

and Purcell discovered HAV in fecal samples
obtained from human volunteers with appro-
priate clinical histories for hepatitis A (Fein-
stone et al. 1973). Specifically, stool specimens
from these patients were incubated with conva-
lescent serum from other distinct patients with
hepatitis A, leading to the visualization of virus
particles heavily coated with serum antibody.
With the discovery of both HAV and HBYV, re-
search on viral hepatitis progressed, permitting
isolation of more elusive viral pathogens with
less distinctive clinical phenotypes.

During the late 1970s, the localization of
HBYV in the liver by immunostaining with anti-
bodies targeting specific viral proteins was a
routine diagnostic procedure. Variations in im-
munostaining of liver samples subsequently led
to the recognition of a new protein complex,
designated as the “delta” antigen and antibody
in HBsAg-positive patients with chronic hepa-
titis. Specifically, staining for HBV proteins in
a minority of patients resulted in a peculiar nu-
clear fluorescence pattern that was distinct from
the typical nuclear fluorescence usually found
in patients with chronic HBV infection (Riz-
zetto et al. 1977; Rizzetto 2015). Interestingly,
when this particular patient subgroup was eval-
uated clinically, it was observed that they typi-
cally presented with more severe liver disease.
Studies were then performed in chimpanzees
previously unexposed to HBV but susceptible
to infection and in animals with a high titer of
anti-HBsAg that were immune to HBV. Chim-
panzees in each of these groups were inoculated
with the HBsAg-positive serum containing del-
ta antigen, and surprisingly, no delta antigen
expression was found in uninfected animals or
in those immune to HBV. However, when fur-
ther transmission studies were performed in
chimpanzees that were already chronic carriers
of the HBV, inoculation of these animals led
to the appearance of large quantities of intra-
hepatic delta antigen. Further investigation led
to the aforementioned discovery of the delta
antigen, which was distinct from the known
HBV proteins yet present only in HBsAg carri-
ers. Additional experimentation showed that
the delta antigen was a protein component of
a defective RNAvirus requiring HBV for its own
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infection (Smedile and Rizzetto 2011), with its
entire genome being cloned and sequenced in
1982 (Wang et al. 1986).

Interestingly, testing of samples stored at the
NIH from patients with viral hepatitis revealed
that HAV and HBYV, and correspondingly HDV,
were responsible for a minority of cases of viral
hepatitis and, consequently, that other agents
of viral hepatitis were also involved. According-
ly, a new term for another etiologic agent of viral
hepatitis was coined as “non-A, non-B hepati-
tis” (NANBH) (Feinstone etal. 1975). Although
it was believed that this agent would quickly
be found (Alter 2014), it took more than a dec-
ade to discover the etiologic agent designated
as HCV. In 1988, using a cDNA expression li-
brary constructed from pelleted nucleic acid
from the serum of a chimpanzee with a high
level of NANBH infection, Michael Houghton
and colleagues reported the discovery of this
virus (Choo et al. 1989), which was also validat-
ed using patient material from the NIH (Alter
etal. 1989). A decade later, Houghton and Alter
were awarded the Lasker Award in 2000 for
the discovery of HCV. In 1990, only 1 year after
the discovery of HCV, an enterically spread form
of NANBH was identified (Reyes et al. 1990)
and designated as the hepatitis E virus (HEV)
(Bradley 1990). HEV proved to be responsible
for epidemics of hepatitis that occurred in Kash-
mir Valley in 1978, which involved an esti-
mated 52,000 cases with 1700 deaths (Khuroo
1980). HEV continues to be a significant cause
of hepatitis throughout the world and may be
responsible for additional morbidity and mor-
tality, including establishing chronic viral hep-
atitis that is currently underappreciated by the
healthcare community (Sclair and Schiff 2013).

CLINICAL MANIFESTATIONS AND
PATHOGENESIS OF VIRAL HEPATITIS

Clinical manifestations of acute infection from
agents causing viral hepatitis vary from asymp-
tomatic or mild flulike illness without jaundice
to fatal liver failure, depending on the patient’s
immune response, the viral pathogen involved,
and other unknown virus—host factors. Acute
viral hepatitis can be characterized by a prodro-
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mal phase of profound anorexia, nausea, vom-
iting, malaise, and fever. In addition, urticaria
and arthralgia occur occasionally. Subsequently,
the icteric phase may begin and jaundice, if
present, usually peaks in 1-2 weeks and fades
during a 2- to 4-week recovery phase. Acute
liver failure (ALF), a rare syndrome character-
ized by rapid clinical deterioration with the on-
set of hepatic encephalopathy and coma with-
out known preexisting liver disease, may develop
in some patients (Hoofnagle et al. 1995; Lee
et al. 2008). ALE also designated as fulminant
hepatitis, carries a high morbidity and mortal-
ity. With regards to acute viral hepatitis, as with
many other etiologies of ALE care is mainly
supportive. Lamivudine may be considered for
treatment of patients with acute HBV, although
evidence of efficacy is questionable (Mindiko-
gluetal. 2006; Lok and McMahon 2009; Zoulim
and Durantel 2015).

The clinical features of chronic viral hepati-
tis vary widely and reflect the dynamic interac-
tion between the various viral pathogens and
the patient’s innate and adaptive antiviral im-
mune responses. In some individuals chronic
hepatitis will remain asymptomatic for years,
whereas others can experience alternating peri-
ods of asymptomatic infection interrupted by
symptomatic flares of active hepatitis. Other
patients can experience rapid progression of
chronic hepatitis to cirrhosis and, finally, HCC.
Characteristic signs and symptoms of chronic
liver disease include nonspecific malaise, an-
orexia, fatigue, low-grade fever, and nondescript
right upper quadrant abdominal discomfort.
Clinical presentation that includes jaundice sel-
dom occurs, and it is often absent. About 90% of
the patients with acute HBV infection experi-
ence complete recovery and subsequently de-
velop persistent immunity. HBV may also per-
sist at very low levels for extended periods and is
designated “occult HBV infection.” Evidence for
the existence of this clinical state was obtained
when HBV reactivation occurred during peri-
ods of severe immunosuppression, such as in
patients undergoing chemotherapy for treat-
ment of a malignancy.

The risk of developing chronic HBV infec-
tion decreases with age at the time of initial
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infection. Neonates, because of their weaker im-
mune system, have a 90% chance of developing
chronic HBV infection, compared with a 30%
chance for children aged 1-5 years and a 5%
chance for adults (Villeneuve 2005). Chronic
carriers of HBV are at increased risk of devel-
oping cirrhosis, hepatic decompensation, and
HCC (Beasley 1988). The annual incidence of
HCC in hepatitis B carriers is ~0.5% (Beasley
et al. 1981). This annual incidence increased
with age, so that by age 70, the incidence can
be as high as 1%. The incidence in patients with
known cirrhosis further increases to 2.5% per
year (Bruix and Llovet 2010).

In the setting of HBV infection, coinfection
or superinfection with HDV usually results in
more severe liver disease (Smedile et al. 1981).
In the patient who is coinfected with HBV and
HDV (i.e., both viruses were acquired at the
same time), the clinical symptoms are usually
moderate, but they can be severe with acute ful-
minant hepatitis. In addition, fulminant hepa-
titis with coinfection is more likely than with
HBYV monoinfection. Chronic coinfection with
both HBVand HDVoccurs in <5% of patients.

Individuals with previous chronic HBV
monoinfection are also vulnerable to superin-
fection with HDV after exposure to blood from
an individual infected with both HBVand HDV.
This may be observed as an acute flare of hep-
atitis, and this flare can lead to the initial dis-
covery of the preexisting HBV infection. Super-
infection with HDV can be self-limited and
result in clearance of both viruses, although
this outcome is rare. Most patients with super-
infection develop a progressive form of chronic
hepatitis, and it often manifests as a worsening
clinical illness in a previously stable chronic car-
rier of HBV. Clinical illness with superinfection
can be rapidly progressive, leading to cirrhosis
within 2 years in 10%—15% of patients (Riz-
zetto 2010).

Apart from causing morbidity and mortal-
ity directly through liver disease, viral hepatitis
is associated with a spectrum of extrahepatic
manifestations that can be clinically significant.
Symptoms from these clinical sequelae can fre-
quently arise in patients with chronic viral hep-
atitis; however, many infected patients may nev-

er experience them and they can precede or
follow the development of overt liver disease
(Amarapurkar and Amarapurkar 2002). Extra-
hepatic manifestations can occur in multiple
organs including the kidneys, eyes, joints, skin,
and immune and nervous systems and can re-
sult in endocrine abnormalities, such as diabe-
tes. Specifically, infection with HBV has been
well recognized for causing a variety of manifes-
tations that include skin rash, arthritis, arthral-
gia, glomerulonephritis, polyarteritis nodosa,
and papular acrodermatitis (Han 2004). HCV
infection has also been associated with cryo-
globulinemia, glomerulonephritis, high titer of
autoantibodies, idiopathic thrombocytopenic
purpura, lichen planus, Mooren’s corneal ulcer,
Sjogren’s syndrome, porphyria cutanea tarda,
and necrotizing cutaneous vasculitis (Pyrso-
poulos and Reddy 2001). Some of these condi-
tions are commonly found, whereas others are
an infrequent occurrence. The precise patho-
genesis of these extrahepatic complications has
not been fully characterized, although the ma-
jority of them arise as a result of autoimmune
phenomena or are a result of chronic immune
activation resulting in immune complex reac-
tions that affect multiple organs (Vassilopoulos
and Calabrese 2005).

AREAS OF FUTURE INVESTIGATION

The study of the mechanisms underlying how
hepatitis viruses manifest as chronic infection
is an area of intense research. In addition, the
molecular pathways that are affected by chronic
infection and that facilitate the development of
HCC remain to be fully characterized. Current
experimental evidence implicates the detec-
tion of viral nucleic acid in the infected cell as
one of the first events that allow the recognition
that a viral infection has taken place (Kumar
etal. 2009). Activation of downstream signaling
pathways to initiate an innate antiviral response
then takes place as infected hepatocytes try to
thwart viral persistence and subvert subsequent
spread of infection. These intrinsic innate anti-
viral pathways are usually very effective at clear-
ing viral infections because only a handful of
viral pathogens are able to elicit chronic disease
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in humans (Gale and Sen 2009). Precise insights
pertaining to the mechanisms by which HBV
and HDV are able to specifically subvert these
antiviral responses and establish chronic infec-
tion are needed. In addition, the means by
which the genomes of these viruses persist in-
tracellularly are still not well understood.

With regard to HBV, chronic infection is
established by an intracellular replicative form
of the viral genome designated as cccDNA. Dur-
ing infection, cccDNA persists in the nucleus of
the cell as a stable episome and acts as a template
for the transcription of viral genes (Locarnini
and Zoulim 2010). Because of the long half-
life of hepatocytes in the liver, a limiting fac-
tor in curing infection is believed to be the clear-
ance of intracellular cccDNA from infected
cells (Zoulim 2004). Therefore, studies to foster
the eradication of cccDNA from infected cells
are currently under way (Lucifora et al. 2014).
However, in the clinical setting, the most diffi-
cult aspect of the inquiry into HBV cccDNA
includes the requirement for liver tissue as well
as the lack of sensitive, specific, and quantitative
methods to detect cccDNA from biopsies. In
addition, the dearth of robust laboratory mod-
els that accurately recapitulate in vivo HBV in-
fection have hampered the study of cccDNA
persistence and removal (Dandri et al. 2013).

Although a relatively rare event, complete
clearance of cccDNA does occur in vivo. Several
immune mechanisms have been proposed to
mediate intracellular cccDNA clearance. First,
a cytolytic mechanism has been demonstrated
by which infected cells are killed by cytotoxic T
lymphocytes and replaced by uninfected hepa-
tocytes. A second, noncytolytic, cytokine-in-
duced removal of cccDNA directly through
activation of intracellular antiviral pathways has
also been proposed. There is supporting evi-
dence from animal models suggesting that these
mechanisms are involved and that, ultimately, a
multipronged immune response is required to
resolve chronic infection in patients (Bertoletti
and Ferrari 2012). However, the direct, cytokine-
mediated mechanism suggests that cccDNA may
be susceptible to noncytolytic clearance by anti-
viral cytokines, specifically, clearance not re-
quiring death of the infected cell. Although the

Viral Hepatitis: Past and Future of HBV and HDV

cytotoxic T-cell response has been relatively well
characterized, research is needed to increase our
understanding of the initial antiviral responses
that can lead to the production of antiviral cy-
tokines from the infected cell that may lead to
the clearance of cccDNA and exactly how this
response specifically targets the viral genome
(Bauer et al. 2011; Lucifora et al. 2014).

CONCLUSION

It has taken several centuries to identify the
causes of the epidemic jaundice that increased
after early attempts to initiate public vaccina-
tion programs and with the widespread appli-
cation of blood transfusions from unrelated do-
nors. Subsequently, many decades were needed
to discover the pathogens that are the etiologic
agents behind these infectious diseases. In con-
trast, the medical and research communities
have rapidly developed effective strategies to
thwart most of these pathogens. Specifically, de-
velopment of highly effective HBV vaccines as a
preventive measure against new infections has
resulted in a decrease in both the prevalence and
spread of HBV and its associated pathogen,
HDV. However, chronic HBV infection still ne-
cessitates improvement in therapeutic interven-
tion to allow for successful eradication of this
virus, as has recently been achieved for HCV
infection. In addition, even with cure, chroni-
cally infected patients still are at increased risk of
developing HCC, which remains one of the
deadliest forms of cancer because it is relatively
resistant to most forms of chemotherapy.
Therefore, additional efforts are necessary to
further our understanding of the mechanisms
by which these viruses manifest as chronic in-
fection and the molecular pathways that are ul-
timately involved in the development of liver
disease and HCC.
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