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Foreword

Modern hepatology would be unrecognizable to those clinicians and pathologists,
who founded the field only a generation ago. From a discipline that was largely obser-
vational — with few diagnostic tests and even fewer therapies — has emerged an excit-
ing area that is among the most rapidly changing in all of medicine, and which now
offers remarkable new tools and treatments. This textbook edited by Professor
Dancygier beautifully captures this dynamism of hepatology, and in doing so provides
a remarkably complete opus. The work is beautifully laid out exactly as a clinician
would think, weaving in the science underlying clinical hepatology with precision and
clarity. Standardized and gorgeous drawings, comprehensive tables, and a very consis-
tent style are among its most valuable assets — quite simply, this book is fun to read!

While thoroughly modern, this work still proudly draws upon the roots of our
specialty. A strong emphasis on pathology, patterns of injury, clinical presentations of
disease, and approaches to clinical problems harken back to hepatology’s earliest
treatises. The book is particularly reminiscent of early editions of Dame Sheila
Sherlock’s classic single-author textbook, the fifth edition of which I read cover-to-
cover while spending 3 months at the Royal Free Hospital as a medical student in
1977; a signed copy sits proudly on my shelf to this day, and I suspect that many will
come to value Professor Dancygier’s book for many of its similar virtues. The highly
personal stamp of Professor Dancygier infuses this book with cohesion, and conveys
the wonders of clinical hepatology. Underscoring another enduring feature of our
specialty is the book’s transatlantic flavor, with authors from throughout Germany
and the USA. This connection between our two countries is also personal — Professor
Dancygier’s invitation for me to speak at a conference in Munich in 1989 was my first
international meeting, and I am proud that our professional association and friendship
continue to this day as a result of that first meeting 20 years ago.

I am delighted to be associated with Clinical Hepatology. Thus, it is a great per-
sonal privilege to introduce this unique and valuable textbook, which is sure to appeal
to practitioners of today and ignite a spark of enthusiasm among the hepatologists of
tomorrow.

Scott L. Friedman, M.D.

President, American Association for the Study of Liver Diseases
Fishberg Professor and Chief, Division of Liver Diseases

The Mount Sinai School of Medicine
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Preface

Clinical hepatology is thriving. Hepatology has evolved from a pure diagnostic art to
a science in which new treatment options are emerging at a quick pace. At this excit-
ing time, based on the gratifying success of the German Edition of 2003, Springer
Publishers have asked me to prepare a US-American/International edition. Gravely
miscalculating the amount of labor, I gladly accepted this challenge.

The present book is not merely an updated version of the German edition but a
completely new work with new US-American authors, a transatlantic endeavor. In
common with its German predecessor, however, it not only aims to provide know-
ledge in hepatology but also to promote an understanding of liver diseases, and to
create joy in dealing with clinical hepatological problems. It is intended for every-
body caring for adult patients with hepatobiliary problems, particularly gastroente-
rologists/hepatologists, internists and clinical pathologists.

My aim was not to provide an encyclopedic behemoth. Instead, I intended to cre-
ate a comprehensive, up-to-date (references until early 2009 are included), practical
and readable book that outlines the current standards of diagnosis and treatment in
hepatology and its associated biliary disorders. By elaborating on concepts in hepa-
tology, disease mechanisms, common clinical problems and rare diseases alike it tries
to serve the needs not only of the novice in hepatology, but also of the experienced
practicing clinician. Ultimately, the success of the book will be determined by its
ability to provide answers to clinically relevant questions and to guide clinical
decisions.

The competent clinical hepatologist, like hardly any other clinician, has to inte-
grate histopathological, biochemical, immunological, instrumental and clinical skills.
The organization of the text follows this principle. It is divided into 3 main parts with
30 sections covering Basic Principles, Clinical Methods, and Hepatobiliary Diseases.
Starting from basic concepts the field of clinical hepatology gradually unfolds. Unlike
other Hepatology Textbooks I preferred not to include a “stand alone” chapter on
liver pathology. Instead hepatopathology has been integrated throughout the entire
text as it represents an integral part of clinical hepatology. The first five sections inte-
grate structure and function of the liver and basically provide a general pathology of
the liver. The clinical chapters are stringently organized and uniformly structured to
enable rapid retrieval of the desired information. In order to enhance readability I
have accepted some redundancy, especially in chapters dealing with hepatocellular
transporters.

I am indebted to my coauthors, all renowned experts in hepatology. Without their
help the creation of a textbook of this volume would not have been possible. My




Preface

special thanks go to a young gastroenterologist from Yale, Jason Rogart. He not only
served as a proof reader for the contributions by authors whose native language is not
English, but also as an author of several chapters and as an editorial assistant. My
thanks go also to Ms. Annette Hinze, Meike Stoeck, and Mr. Claus-Dieter Bachem
from Springer Publishers who skillfully supported the development of the Textbook.
Last but not least I thank my wife Hellena for her endurance and unwavering support.
After immerging into the project and resurfacing after finishing the last chapter she
was still there.

Offenbach, May 2009 Henryk Dancygier
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Riedel’s Lobe

Riedel’s lobe is not a true accessory liver lobe, but rather
a caudally oriented tongue-like process of the right liver
lobe lateral from the gallbladder [3]. The cause of this
malformation, more common in women, is unknown.
Histologically liver tissue is normal, and clinically this
malformation is asymptomatic. Its clinical significance
lies in the potential of being misinterpreted as a tumor.

Accessory Liver Lobe(s)

An accessory liver lobe (hepar succenturiatum) is
encountered more often on the right side. It is con-
nected to the right liver lobe by a stalk containing blood
vessels and bile ducts. The accessory lobe may be
located beneath or above the diaphragm. Usually this
malformation is asymptomatic. However, torsion of
the stalk may lead to acute right upper quadrant pain,
nausea and vomiting. Accessory liver lobes are very
rare and are encountered more often in women.

Congenital hepar lobatum with the formation of
abnormal, coarse lobes may be regarded as an abortive
form of an accessory liver lobe.

Ectopy

Ectopies of the liver (liver heterotopia or hepatic choris-
toma) are caused by germ dissemination. In contrast to
accessory liver lobes, ectopic liver tissue is disconnected
from the main organ. Approximately 50% of ectopic
livers are located in the gallbladder, the remainder are
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disseminated in the intra- or retroperitoneal space and in
the thoracic cavity. Histologically ectopic livers exhibit
anormal lobular architecture and may develop all patho-
logic changes seen in normal liver [1].

Extraabdominal Location of the Liver

In congenital defects of the diaphragm the deformed
liver can be located partially or totally within the chest.
Liver dystopias in the pericardiac space have also been
described. Usually these patients manifest additional
malformations of the gastrointestinal tract, the lungs,
the heart and the thoracic vessels.

Large congenital abdominal wall defects and umbil-
ical hernias are observed in 1:4,000 births, and may be
associated with herniation of abdominal organs.

Intraabdominal Displacement
of the Liver

In circumscribed congenital diaphragmatic aplasia the
liver may be partially displaced into the chest. Since
the organ is still covered by a thin peritoneal and pleu-
ral layer, however, the liver technically still lies within
the abdominal cavity. A cranial position of the liver is
seen more often in acquired diaphragmatic elevation,
which can occur in the setting of right sided diaphrag-
matic paresis.

An insufficiency of hepatic ligaments may lead to
hepatoptosis. Intestinal loops moving into the newly cre-
ated free space between liver and diaphragm/abdominal
wall characterize Chilaiditi’s syndrome. Hepatoptosis
generally affects women older than 40 years.

The most frequent cause for a caudal displacement
of the liver is phrenoptosis, which can be seen in pul-
monary emphysema or in marked right sided pleural
effusion.

An isolated transposition of the liver is rare. Most
often it occurs in total situs inversus, in which the liver
is located in the left upper quadrant. In partial situs
inversus the liver is located in the median line. This
anomaly often is associated with asplenia.

Agenesis

Complete agenesis of the liver is incompatible with life.
The congenital absence of an entire liver lobe is
extremely rare, with fewer than 100 cases reported in
the literature. Agenesis of the right liver lobe is regarded
to be a consequence of a developmental anomaly of the
right portal vein branch or a growth failure of the hepatic
diverticulum (see Chapter 1). The absence of a hepatic
segment or lobe results in compensatory hypertrophy of
the remaining liver tissue. In agenesis of the right liver
lobe the gallbladder is located above the liver.

Rare cases of hypoplasia of the right liver lobe have
also been described.

Atrophy

Atrophy of the entire liver occurs in very old age and in
severe chronic hunger disease. Atrophy of a singe lobe
or a segment is observed in approximately 5% of diag-
nostic laparoscopies and in 75% of cases affects the
left liver lobe. It is usually due to localized circulatory
disturbances or to chronic obstruction of bile flow [2].

Zahn's Grooves

These are deep grooves (pressure atrophy) of the upper
liver surface, predominantly of the right liver lobe. They
are caused by pressure of hypertrophied diaphragmatic
muscle bundles, predominantly in chronic obstructive
pulmonary disease, on the liver parenchyma. Zahn’s
grooves are found in approximately 10% of all autopsies.

“Corset Liver”

Corset liver denotes flat, transverse indentations of the
right liver lobe that are caused by deformations of the
thoracic cage or are due to chronic strangling by a tight
corset. Like Zahn’s grooves these transverse grooves
represent pressure atrophy of hepatic parenchyma.
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See also Chapters 108—110.

Anomalies may affect the intra- and/or extrahepatic
bile ducts. They are characterized by an excess (e.g.
doubling) or by a deficit of ducts, with variously shaped
dilatations and strictures [17].

Important shape variants and anomalies of the gall-
bladder and bile ducts (with the exception of atresia)
are reported in Tables 56.1 and 56.2 and depicted in
Figs. 108.1, 108.2 and 109.1.

The most important anomalies of extrahepatic bile
ducts are choledochal cysts. Spindle-shaped dilatations
are more common than round cyst-like dilatations of
bile duct segments.

Congenital bronchobiliary fistulas are rarities.

Developmental disturbances of the embryonic duc-
tal plate (“ductal plate malformations”) form the basis
for anomalies termed fibropolycystic liver diseases [5,
6]. The bile duct level at which the malformation
occurs determines the morphological and clinical pic-
ture (Table 56.3).

Fibropolycystic diseases of the liver encompass

* Autosomal recessive and dominant polycystic liver
disease

* Congenital hepatic fibrosis

* Caroli’s disease

* Caroli’s syndrome

* von Meyenburg complexes

The various diseases may present overlapping features,
and are often accompanied by renal cysts.
Polycystic liver disease is discussed in Chapter 57.

Congenital Liver Fibrosis

Congenital liver fibrosis (CLF) is an autosomal recessive
disease. In most cases it is associated with autosomal
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Table 56.1 Important anomalies of the gallbladder

Abnormal shape C
* Hour glass gallbladder

Phrygian cap-like bending of body and fundus

» Septated gallbladder (longitudinal cystic duplication very rare)
* Diverticula: preferentially in neck and fundic region

Abnormal position .
* Intrahepatic gallbladder

Left sided gallbladder (e.g. in situs inversus)

* “Pendular gallbladder”: fixation at the level of the cystic duct

Numerical aberrations .

Agenesia: complete absence of the gallbladder anlage (seen in 0.005-0.065% of autopsies)

* Aplasia: gallbladder present, but not developed

* Hypoplasia: rudimentary gallbladder

* Incomplete duplication (Vesica fellea divisa)

e Complete duplication and triplication (Vesica fellea duplex et triplex); single case reports in

the literature
Heterotopias

Preferentially in neck region, gastrointestinal mucosa, pancreas, liver

Source: Adapted from [17]

Table 56.2 Important bile duct anomalies

Atresia See text
Hypoplasia
Heterotopias
Cysts
Diverticula
Choledochocele

Gastric mucosa

Bile ducts with narrowed, but still present lumen

Caroli’s disease and Caroli’s syndrome: see text
Choledochal diverticula are usually near the papilla
Hernia-like evagination of main common bile duct into the duodenum

Source: Adapted from [17]

Table 56.3 Fibropolycystic diseases (ductal plate malformations) and level of bile ducts affected

Disease Bile duct level

Autosomal recessive polycystic disease
Autosomal dominant polycystic disease
Congenital hepatic fibrosis

Caroli’s disease

Caroli’s syndrome

Von Meyenburg complexes

Interlobular bile ducts

Peripheral interlobular bile ducts
Interlobular bile ducts

Segmental bile ducts

Segmental and interlobular bile ducts
Peripheral interlobular bile ducts

Source: Adapted from [6]

recessive (occasionally with autosomal dominant) poly-
cystic liver (kidney) disease. Associations with other
syndromes such as Meckel-Gruber’s syndrome (poly-
dactylia, occipital encephalocele, renal cysts), Jeune’s
and Ivemark’s syndrome (familial dysplasia of kidneys,
liver and pancreas), and with vaginal atresia and tuberous
sclerosis have also been reported. CLF may be combined
with other anomalies of the liver such as von Meyenburg
complexes, choledochal cysts and Caroli’s disease. CLF
may be associated with a variety of liver tumors (cholan-
giocellular carcinoma, hepatocellular carcinoma, benign
tumors) and be part of COACH (Hypoplasia of Cerebellar
vermis, Oligophrenia, congenital Ataxia, Coloboma,
Hepatic fibrosis) syndrome [10].

CLF probably does not represent a uniform noso-
logic entity, but rather encompasses a spectrum of liver
and kidney lesions.

Ductal plate malformation at the level of interlobu-
lar bile ducts (“cholangiodysplasia”) underlies the
pathogenesis of CLF.

The microscopic aspect of the liver is variable.
Fibrous enlargement and bridging of portal tracts con-
taining a variable number of abnormal bile ducts are
seen. The bile ducts within the fibrous areas commu-
nicate with the remainder of the hepatic bile duct sys-
tem. The portal venous branches often are hypoplastic,
while there is an excess of hepatic artery branches. In
some patients the lesions remain stationary for long
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periods of time, while in others fibrosis is progres-
sive, and accompanied by cholangitic exacerbations.
The slowly progressive destructive cholangitis
finally leads to bile duct loss and to “cholangiodys-
plastic pseudocirrhosis”. Circumscribed forms of
CLF with only one liver lobe affected have been
described [5, 6].

Depending on the rapidity and intensity of the fibro-
sing and cholangitic processes, different clinical forms
of CLF may be delineated, i.e. a portal-hypertensive, a
cholangitic, and a latent variety. CLF is one of the pro-
totypes of portal hypertension with preserved hepato-
cellular function. Multiple normal deliveries in a
woman with severe portal hypertension due to CLF
have been described [13].

Caroli’s Disease and Caroli’s Syndrome

Definition

Caroli’s disease (CD) is characterized by ectasias of
the segmental intrahepatic bile ducts as the sole altera-
tion, while in Caroli’s syndrome (CS) these lesions are
associated with CLF [2, 3, 20].

Pathogenesis

Pathogenetically, an autosmal recessive ductal plate
malformation with consequent dilatation of segmental
(and interlobular ducts in CS) intrahepatic bile ducts
underlies CD and CS.

Pathology

The dilatation of the segmental intrahepatic bile ducts
generally presents in a diffuse form, but may occasion-
ally involve only a single lobe, commonly the left one.
In its simple form, sack-like dilatations of the larger
intrahepatic, predominantly segmental, bile ducts are
found in CD. The dilated ducts may contain sludge,
stones and dysplastic epithelial proliferations [7]. In CS
the cysts are accompanied by fibrosis and/or by auto-
somal recessive polycystic kidney disease. Choledochal
cysts are found in approximately 20% of cases.

Diagnosis

Clinical Manifestations

Although the lesions are congenital, the initial manifes-
tation of the disease may not occur until adulthood [8].
The clinical picture is characterized by relapsing cho-
langitic exacerbations with obstructive jaundice, upper
abdominal pain and fever. Progressive remodeling of
the liver leads to portal hypertension and its sequelae.

Technical Examinations

The biochemical laboratory parameters show a chole-
static pattern. The aminotransferase levels are either
normal or only slightly increased.

The diagnosis (cystic dilatations and strictures) is
made by abdominal ultrasound and CT, and may be
confirmed by MRCP or ERCP. The dilated ducts may
contain sludge or stones. In advanced cases morpho-
logic signs of cirrhosis are present.

Differential Diagnosis

The multiple strictures and spindle-shaped dilatations
of bile ducts in primary sclerosing cholangitis are
smaller than the sack-like cysts seen in CD and CS.
However, intrahepatic bile duct stones may cause stric-
tures with proximal duct dilatation that may be diffi-
cult to differentiate from abortive forms of CD.

In Asian patients, bile duct infections with Ascaris
and Clonorchis sinensis as well as intrahepatic hepato-
lithiasis (“oriental cholangiohepatitis,” also known as
“recurrent pyogenic cholangitis””) must be excluded.

Course and Prognosis

The disease runs a chronic progressive course and approx-
imately 50% of patients succumb to complications
such as sepsis, biliary liver abscesses, portal hyperten-
sion or liver failure 1-5 years after the diagnosis has
been established. In a longstanding course, amyloido-
sis may supervene. Seven to 14% of patients develop a
cholangiocarcinoma. The occurrence of hepatocellular
carcinoma has been reported in single cases.
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Therapy

Cholangitis is treated with repeated courses of antibi-
otics. Ursodeoxycholic acid (UDCA) may be tried to
alleviate cholestasis, however the evidence for the
effectiveness of UDCA in this clinical setting is very
weak [18].

Endoscopic, percutaneous or combined techniques
may be used for stone extraction, dilatation of stric-
tures and placement of stents.

Liver resection is the treatment of choice for CD
confined to a single lobe or segment, as it can provide
a durable cure and eliminate the potential for cholangi-
tis, lithiasis and carcinoma. In diffuse progressive dis-
ease, orthotopic liver transplantation is the only
effective long term therapeutic option.

Von Meyenburg Complexes

Von Meyenburg complexes are microhamartomas of
the bile ducts, located within the portal tracts or in
their immediate vicinity. A variable number of irregu-
larly shaped and varyingly dilated duct structures are
embedded in a fibrous, occasionally hyalinized stroma
(Fig. 56.1). The lesions represent partially fibrosed
remnants of ductal plate malformations of small,

Fig.56.1 Von Meyenburg
complex. The microhamartoma
is composed of small, dilated,
irregularly shaped bile ducts that
are surrounded by fibrous tissue.
Masson trichrome (x200)

peripherally situated intrahepatic bile ducts and com-
municate with the remaining bile duct system of the
liver.

These small (1-2mm), often multiple lesions are
clinically asymptomatic and are usually incidental lap-
aroscopic findings. They may occur in an otherwise
normal liver or be associated with CD or CLF.

Biliary Atresia

Biliary atresia is an occlusive cholangiopathy that may
affect both intra- and extrahepatic parts of the biliary
tree.

Definition

Extrahepatic biliaray atresia (EBA) is characterized
by a complete absence of duct lumen or loss of duct
continuity in one duct segment or in all extrahepatic
bile ducts.

In intrahepatic biliary atresia (IBA) atresia is usually
not complete but the number of interlobular bile ducts is
reduced. Thus, IBA is more accurately a hypoplasia
rather than a true atresia, which is why this entity is also
referred to as “paucity of intrahepatic bile ducts.”
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Epidemiology

EBA occurs in 1:10,000 to 13,000 deliveries, more
often in female newborns. EBA is responsible for
approximately 30-35% of all neonatal cholestasis and
in 20% of cases is associated with CLF.

EBA associated with choledochal cyst has recently
been suggested to represent a distinct subtype of bil-
iary atresia, characterized by a preponderance of type
1 (see below), by an absence of associated congenital
anomalies, and by a relatively good clinical outcome
after surgery [15].

Etiology and Pathogenesis

Embryonic morphogenetic bile duct defects, peri- and
postnatal factors have been implicated in the develop-
ment of EBA. The etiologic hypotheses comprise viral
infections (e.g. cytomegalovirus, hepatitis B and C
virus), ischemic lesions, toxic injury by bile acids or
reflux of pancreatic juice into the bile duct, and an angio-
fibromatous process. A reoviral etiology has recently
been disputed [19]. Immunologically mediated inflam-
mation of bile ducts, involving both cellular and humoral
components of autoimmunity, has been suggested to be
operative in EBA, and the progressive bile duct injury
has been postulated to be due in part to a bile duct epi-
thelia-specific T cell-mediated immune response [12,
16]. All theories, however, are unproven and the exact
etiology and pathogenesis of EBA are still unknown.
Ultimately a destructive inflammatory-fibrosing cholan-
giopathy dominates the clinical picture [1, 14].

Pathology

According to Kasai, various types of EBA can be dis-
tinguished (see Fig. 109.2) [9]. 10% of all EBA cases
fall upon types I, Ila and IIb that are amenable to cor-
rective surgery. Ninety percent fall upon type III in
which a hepatoportoenterostomy (Kasai’s procedure)
is not possible. In 80% of patients the gallbladder is
involved in the atretic process.

Each EBA is also accompanied by alterations of the
intrahepatic bile duct system and of liver parenchyma.
Even though it is primarily a bile duct disease, EBA is
a complex disorder that ultimately affects all structures
within the portal tract.

In the first 3—4 weeks of life centrilobular cholesta-
sis with multinucleated giant cells, scattered through-
out the parenchyma is seen. An inflammatory cellular
infiltration of lobular parenchyma and portal tracts is
still lacking in this early phase. During the further
course, usually in the 4th—7th week of life the typical
changes of extrahepatic bile duct obstruction become
evident, with enlargement and rounding of portal
tracts, ductular reaction at the porto-lobular interface
and a variably dense inflammatory cell infiltrate con-
sisting of neutrophilic granulocytes and lymphocytes.
The epithelium of interlobular bile ducts becomes
increasingly damaged. Without treatment the inflam-
matory-fibrosing lesions progress, resulting in loss of
portal bile ducts and leading to the development of bil-
iary cirrhosis within several weeks to months. During
progression of EBA the portal vein branches within the
portal tracts appear increasingly hypoplastic.

Diagnosis

The diagnosis must be established before the advent of
cirrhosis, i.e. usually before the 6th week of life, in
order to utilize all opportunities of corrective surgery.

Clinical Manifestations

EBA presents in two forms, an embryonic-fetal type
(10-35% of cases), and a perinatal form (65-90% of
cases). The embryonic-fetal type is characterized by
an early onset of neonatal cholestasis, with continuing
icterus after neonatal jaundice has abated. The children
have acholic stools. This form of EBA also is more
often than the perinatal form associated with other
anomalies such as poly- and asplenia, cardiovascular
malformations, abdominal situs inversus, intestinal
malrotations, and vascular abnormalities of the liver.
The perinatal form of EBA initially is anicteric and
presents with cholestasis in the 4th—8th week of life.
Unlike the embryonic-fetal variety an increased inci-
dence of anomalies of other organs is not observed in
this form of EBA.

IBA may occur within the context of Alagille’s syn-
drome (arteriohepatic dysplasia; see Chapter 85) or as
an isolated disease without extrahepatic abnormalities.
The nonsyndromatic paucity of bile ducts is a hetero-
geneous group of disorders and occurs more rarely
than Alagille’s syndrome.
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Technical Examinations

The laboratory data show a cholestatic enzyme pattern
with elevation of AP and y-GT values. The diagnosis is
made with imaging techniques such as abdominal
sonography, nuclear imaging, percutaneous transhe-
patic cholangiography, and MRCP.

Liver biopsy is mandatory. A ratio of the number of
interlobular bile duct profiles to the number of portal
tracts (a biopsy specimen with at least six portal tracts
is required) of <0.5 confirms the diagnosis of IBA.

Prognosis and Treatment

Without treatment 99% of patients die within the first
4 years of life, most of them between the first and sec-
ond year. The only effective therapeutic modalities
are hepatoportoenterostomy or liver transplantation.
However, even after a successful hepatoportoenteros-
tomy, reversal of hepatic parenchymal disease does not
occur in most children, and they present serious prob-
lems such as malnutrition, growth failure, portal hyper-
tension, osteomalacia and osteoporosis, social and
psychological problems. Continuing growth failure
after hepatoportoenterostomy is associated with poor
clinical outcome [4]. Corticosteroids after hepatopor-
toenterostomy have a beneficial effect on the rate of
bilirubin reduction in the early postoperative period, but
do not reduce the need for liver transplantation. In the
long term, more than 80% of infants with EBA who are
treated with corrective surgery will need liver transplan-
tation [11]. A successful liver transplant offers signifi-
cantly better prospects.

References

1. Balistreri WF, Grand R, Hoofnagle JH, et al (1996) Biliary
atresia: current concepts and research directions. Hepatology
23: 1682-92

2. Caroli J, Couilhaud C (1958) Une affection nouvelle, sans
doute congenitale, des voies biliaires: la dilatation kystique
unilobaire eds canaux hepatiques. Sem Hosp Paris 14:
496-502

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Caroli J, Corcos V (1964) Maladies des voies biliaires

intrahépatiques segmentaires. Masson et Cie, Paris, pp
59-154

. DeRusso PA, Ye W, Shepherd R, et al (2007) Growth failure

and outcomes in infants with biliary atresia: a report from
the Biliary Atresia Research Consortium. Hepatology 46:
1632-8

. Desmet VJ (1992) Congenital diseases of intrahepatic bile

ducts: variations on the theme “Ductal plate malformation”.
Hepatology 16: 1069-83

. Desmet VJ, Eyken P (1995) Embryology, malformations,

and malpositions of the liver. In: Haubrich WS, Schaffner F
(eds) Bockus gastroenterology, 5th edn. W.B. Saunders,
Philadelphia, PA, pp 1849-57

. Fozard JB, Wyatt JI, Hall RI (1989) Epithelial dysplasia in

Caroli’s disease. Gut 30: 1150-3

. Giovanardi RO (2003) Monolobar Caroli’s disease in an

adult. Case report. Hepatogastroenterology 50: 2185-7

. Kasai M, Kimura S, Asakura S, et al (1968) Surgical treat-

ment of biliary atresia. J Pediatr Surg 3: 665-75

Kirchner GI, Wagner S, Flemming P, et al (2002) COACH
syndrome associated with multifocal liver tumors. Am
J Gastroenterol 97: 2664-9

Lykavieris P, Chardot C, Sokhn M, et al (2005) Outcome in
adulthood of biliary atresia: a study of 63 patients who sur-
vived for over 20 years with their native liver. Hepatology
41:366-71

Mack CL, Tucker RM, Lu BR, et al (2006) Cellular and
humoral autoimmunity directed at bile duct epithelia in
murine biliary atresia. Hepatology 44: 1231-9

Mindikoglu AL, Regev A, O’Sullivan MJ, et al (2005)
Multiple normal deliveries in a woman with severe portal
hypertension due to congenital hepatic fibrosis: the
importance of preserved hepatocellular function. Am J
Gastroenterol 100: 2359-61

Mowat AP (1996) Biliary atresia into the 21st century: a his-
torical perspective. Hepatology 23: 1693-5

Muise AM, Turner D, Wine E, et al (2006) Biliary atresia
with choledochal cyst: implications for classification. Clin
Gastroenterol Hepatol 4: 14114

Narayanaswamy B, Gonde C, Tredger JM, et al (2007)
Serial circulating markers of inflammation in biliary atresia —
evolution of the post-operative inflammatory process.
Hepatology 46: 180-7

Remmele W (1984) Gallenblase, extrahepatische Gallengénge,
Vatersche Papille. In: Remmele W (Hrsg), Pathologie, Bd. 2.
Ein Lehr- und Nachschlagebuch. Springer Verlag, Berlin,
Heidelberg, New York pp 741-88

Ros E, Navarro S, Bru C, et al. (1993) Ursodeoxycholic acid
treatment of primary hepatolithiasis in Caroli’s syndrome.
Lancet 342: 404-6

Saito T, Shinozaki K, Matsunaga T, et al (2004) Lack of evi-
dence for reovirus infection in tissues from patients with bil-
iary atresia and congenital dilatation of the bile duct. ] Hepatol
40:203-11

Taylor ACF, Palmer KR (1998) Caroli’s disease. Euro
J Gastroenterol Hepatol 10: 105-8



Liver Cysts and Polycystic Liver Disease

Henryk Dancygier

Chapter Outline

LAVEr CYStS ..ottt 631
Definition ......cocovviiiiiiiiiiiiiiiicicec e 631
Epidemiology .....c.coeerieueriiiiiniiiriciinieeneeceeeeiee e 631

EHIOLOZY oot 632
PathOgenesis. .....c.ccueuieirininiiinierccceee e 632
DiIAZNOSIS. ¢ vttt 632
Differential Diagnosis.......cccoevererierienieiieinieieescsesiene 632

COMPLICALIONS ...ttt 633
Natural History and Prognosis.............cccccceeiviiiiiiinnnns 633
TREIAPY ..ottt 633

H. Dancygier, Clinical Hepatology,

Liver cysts are etiologically diverse hepatic mass
lesions. Despite the fact that not all liver cysts repre-
sent developmental anomalies, most are discussed in
this section and are subdivided into

e Liver cysts and
* Polycystic liver disease

For the discussion of parasitic cysts the reader is
referred to Chapter 66.

Liver Cysts

Definition

Liver cysts are congenital or acquired fluid filled cavi-
ties within the liver parenchyma that are covered by
epithelium (true cysts) or that do not possess an epithe-
lial lining, but are surrounded by connective tissue
(pseudocysts).

Epidemiology

The prevalence of liver cysts in the general population
is approximately 5% [3]. Congenital hepatic cysts are
solitary in 95% of the cases, and are mostly present in
the right liver lobe. Women are more frequently
affected than men.
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Table 57.1 Classification of liver cysts

Congenital -« Solitary

* Multiple

* Polycystic liver disease

* Solitary bile duct cyst

» Multiple cystic dilatations of intrahepatic

bile ducts

* Traumatic
* Inflammatory-infectious®
Biliary retention cysts in bile duct
obstruction
Echinococcosis
Unilocular (Echinococcus granulosus)
Multilocular (Echinococcus alveolaris)
* Neoplastic
Dermoid cyst
Mucinous cystadenoma/
cystadenocarcinoma
Regressive/degenerative changes in
primary or metastatic liver tumors

Acquired

*Occasionally pyogenic and amebic liver abscess or hepatic
peliosis may have a cystic appearance

Etiology

An etiologic classification of liver cysts is reported in
Table 57.1.

Pathogenesis

The pathogenesis of liver cysts is not uniform. Congenital
cysts in the context of fibropolycystic diseases result
from malformations of the ductal plate. Benign solitary
liver cysts are lined by columnar epithelium and proba-
bly also represent congenital developmental disorders
of intrahepatic bile ducts [5]. Acquired traumatic, neo-
plastic and infectious liver cysts result from a circum-
scribed loss of liver tissue with secondary accumulation
of fluid. These cysts lack an epithelial lining.

Diagnosis

Clinical Manifestations

Congenital liver cysts are usually asymptomatic. Large
or multiple cysts may cause a sense of pressure in the
upper abdomen and symptoms due to compression of
neighbouring organs (see below).

Technical Examinations

Liver enzymes are usually unremarkable and the bio-
chemical liver profile is not helpful in diagnosing liver
cysts. If a marked cholestatic enzyme pattern is pres-
ent, secondary hepatic parenchymal changes or pri-
mary ductal or bilary retention cysts should be
considered.

The mainstay of diagnosis are imaging techniques.
Cysts as small as 5 mm in diameter are reliably visual-
ized by ultrasound, and are usually found incidentally.
The typical sonographic pattern shows a round or
oval, anechoic, space occupying lesion with dorsal
sound enhancement (Fig. 57.1). A typical cyst on
ultrasound does not require further investigation with
CT or MRI. Only if not all sonographic cyst criteria
are met or if the lesion changes its aspect on follow-up
examinations, further investigations will be necessary.
In a few cases cyst puncture with cytological and
microbiological examination of cyst content will be
required (caveat: echinococcal cysts and amebic liver
abscess prior to antibiotic therapy are contraindica-
tions for cyst puncture).

The diagnosis of echinococcal cysts, and of bacterial
and amebic liver abscess is discussed in Chapters 65
and 66.

Differential Diagnosis

The typical sonographic finding in an asymptomatic
patient allows for the accurate diagnosis. Echinococcal
cysts, retention cysts, Caroli’s disease and Caroli’s

Fig. 57.1 Typical solitary cyst with dorsal sound enhancement
on ultrasound
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syndrome, and liver abscesses must be included in the
differential diagnosis. These usually cause symptoms.

Regressive changes in neoplastic lesions may impart
the lesion a cystic aspect. This is seen especially in
metastases from pancreatic and ovarian carcinoma.
These “cysts” are usually ill delineated. However, the
sonographic aspect does not always allow for a histo-
logic diagnosis, and in some cases a liver biopsy will
be necessary.

Mucinous cystadenomas are rare and occur only in
women; they may attain a size of up to 20cm in diam-
eter and a weight of several kilograms.

Traumatic liver cysts are rare. The diagnosis may be
deduced from the history of the patient. In these cases
usually the levels of serum alkaline phosphatase and
total bilirubin are slightly elevated. A bacterial peliosis
hepatis occasionally may have a cystic aspect.

Von Meyenburg complexes are usually not seen on
ultrasound. However, occasionally they may be larger
than 4-5 mm and appear hypo- or anechoic.

Complications

Hemorrhage or rupture into the peritoneal cavity with
peritoneal irritation are very rare, but may occasionally
occur after a trauma.

Natural History and Prognosis

In the vast majority of cases dysontogenetic cysts
do not compromise liver function and cause no clin-
ical morbidity or mortality. In polycystic liver dis-
ease associated with polycystic kidney disease
prognosis is determined by impairment of renal
function (see below).

Therapy

Asymptomatic patients require no treatment. If symp-
toms occur a percutaneous cyst aspiration may yield
temporary relief of mass symptoms. Since cysts usually
refill rapidly an attempt at cyst sclerosis with instillation
of, for example, alcohol might be considered in non-bil-
iary and non-parasitic cysts. This procedure can be quite

painful. Surgical cyst fenestration or partial hepatectomy
will only be required in rare cases [6, 12, 17, 20].

Polycystic Liver Disease

Definition

Autosomal dominant polycystic liver disease (ADPLD)
is an inherited disorder characterized by the presence
of multiple scattered cysts of biliary origin in the liver
parenchyma. It often occurs in association with inher-
ited adult polycystic kidney disease (ADPKD) but also
exists as a distinct genetic entity independent from
polycystic kidney disease [4, 9, 13, 14, 16, 18].

Autosomal recessive polycystic kidney disease
(ARPKD) is characterized by the association of renal
cysts arising from dilated collecting ducts and congen-
ital hepatic fibrosis.

Epidemiology

ADPKD is the most frequent hereditary kidney dis-
ease. It has an incidence of 1 in 500 to 1 in 5,000 (the
incidence of ARPKD is between 1 in 6,000 and 1 in
40,000 births) and is often associated with polycystic
liver disease (PLD). PLD is found in approximately
0.6% of autopsies, and 50-70% of cases are associated
with ADKPD. Cystic lesions in other organs (e.g. pan-
creas or spleen) are less often present.

Most reports on the epidemiology of PLD are based
on the disease as it manifests in patients with ADPKD.
Liver cysts in ADPKD are very rare in children, and
there is an age-dependent increase in the frequency of
hepatic cysts in patients with ADPKD, from 20% in
the third decade to 75% by the seventh decade of life.
This suggests that isolated ADPLD seems to be less
penetrant in the liver than ADPKD in the kidney. The
development of liver cysts in isolated ADPLD may not
occur until late in life [14, 18].

Etiology and Pathogenesis

ADPLD is a genetically heterogeneous disorder involv-
ing derangements on at least three different chromo-
somes. Mutations involving chromosomes 16 and 4
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accounting for ADPKD have been well described as
have their gene products, polycystin-1 and polycystin-2
[1]. Recently a mutation in the short arm of chromosome
19 (19p13.2-13.1) has been recognized in isolated
ADPLD without any associated renal involvement [19].

Cysts arise from dilated biliary microhamartomas
(von Meyenburg complexes) and from peribiliary
glands [10]. Isolated ADPLD is more severe in women
than in men. In addition, there is a positive correlation
between the severity of PLD and the number of preg-
nancies, suggesting a role for estrogens in the patho-
genesis of PLD [18].

Recently it has been shown that PLD is caused by
mutations in the protein kinase C substrate 80K-H gene,
which encodes a protein named hepatocystin. The exact
localization and cellular function(s) of hepatocystin are
unclear, but recent data are consistent with a role of
hepatocystin in carbohydrate processing and quality
control of newly synthesized glycoproteins in the endo-
plasmic reticulum. Thus, defective hepatocystin might
lead to altered endoplasmic reticulum processing of
some key regulator of cell proliferation, thereby facili-
tating the formation of multiple cysts [7, 8].

Autocrine and paracrine factors secreted into the
cysts such as interleukin-8, epithelial neutrophil attrac-
tant 78, interleukin-6, and vascular endothelial growth
factor have been suggested to modulate the growth rate
of cyst epithelia [15].

A gene mutation on both arms of chromosome 6 is
responsible for ARPKD.

Pathology

ADPLD is characterized by the presence of numerous
cysts spread throughout the hepatic parenchyma. Rarely
is only one lobe affected. The cysts occur in the portal
tracts or in their vicinity, contain clear fluid secreted by
their epithelial lining, and do not communicate with the
intrahepatic bile duct system. They are often associated
with von Meyenburg complexes and fibrosis.

It is not known whether isolated ADPLD is associ-
ated with an increased incidence of malformations in
other organs. There are, however, data to suggest that
structural mitral leaflet abnormalities, aneurysms of
the thoracic aorta, intracranial aneurysms and dissec-
tion tend to occur more often in individuals with
ADPLD [18, 21].

Diagnosis

Clinical Manifestations

The clinical profile of isolated ADPLD without kidney
disease has not been extensively studied. PLD associ-
ated with AKPD is usually asymptomatic, and symp-
toms of renal disease predominate. Though uncommon,
a minority of patients with ADPLD may be symptom-
atic due to mass effect caused by a very large cyst or a
large number of cysts. When this occurs, patients may
complain of abdominal pain and distention, early sati-
ety, dyspnea, and back pain [2]. Rarely significant
intrahepatic cholestasis and jaundice can occur, as can
hepatic venous outflow obstruction or compression of
the inferior vena cava [22].

Technical Examinations

Liver function typically remains normal even in
extensive PLD. Minimal elevations of serum alkaline
phosphatase and total bilirubin and lower levels of
total cholesterol and triglycerides may be present
[18]. The latter findings indicate the possibility of a
potentially altered liver metabolism in patients with
PLD [11].

Imaging with ultrasound or CT is the diagnostic
gold standard (see above) (Fig. 57.2).

Natural History and Prognosis

Despite the sometimes impressive physical and radio-
logic findings, only a minority of patients will progress
to advanced liver disease or develop complications
such as hemorrhage, cyst infection, rupture, jaundice,
or portal hypertension [2].

Therapy

Most patients with PLD remain asymptomatic and
require no treatment. For management of symptomatic
cysts see above. In rare cases liver transplantation will
be required in ADPLD.
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Fig. 57.2 Polycystic liver
disease with multiple cysts of
different size
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In the following paragraphs only a short enumeration
of major vascular anomalies encountered in clinical
practice is given.

Aneurysms of the hepatic artery see Chapter 62.

Accessory hepatic arteries derive from the left gas-
tric artery in 60% of cases, and from the superior mes-
enteric artery in approximately 15% of cases.

Duplications, hypoplasias, atresias, stenoses and
aneurysms of the portal vein are rarities [2].

Cavernous transformation of the portal vein, i.e.
the formation of an “angiomatous mass” around a par-
tially patent portal vein, is rare as a congenital malfor-
mation. It occurs more often as an acquired alteration
(see Chapter 61).

A Cruveilhier-von-Baumgarten disease denotes the
congenital absence of obliteration of the umbilical
vein, which implies the lack of the Ligamentum rotun-
dum. The liver may show a mild fibrosis and atrophy,
or be entirely normal.

In contrast, a Cruveilhier-von Baumgarten syndrome
denotes the recanalization of a postpartally (functionally)
obliterated umbilical vein in portal hypertension (see
Fig. 53.3).

A fibrous obliteration of the portal vein and its
branches may occur in congenital liver fibrosis.

Anomalies of the large liver veins with direct open-
ing into the right or left atrium are very rare and occur
most often in the context of complex -cardiac
malformations.

Osler-Weber-Rendu’s syndrome (hereditary hemor-
rhagic telangiectasia) may also affect the small intra-
hepatic vessels and be associated with intrahepatic
telangiectasias, arteriovenous shunts (resulting in
shunting from hepatic artery to hepatic veins), and
aneurysms [1]. These vascular anomalies cause relaps-
ing parenchymal hemorrhages with reactive fibrosis,
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Disturbances of hepatic venous outflow are usually due
to cardiac or pulmonary diseases. However, obstruction
to venous outflow may be localized at all levels of the
venous outflow tract, from the terminal hepatic venules,
via the sublobular veins, the hepatic veins to the inferior
vena cava above its junction with the hepatic veins.

Acute Hepatic Congestion

The sudden occlusion of hepatic venous outflow causes
acute liver congestion. It is characterized by a massive
centrilobular passive hyperemia usually combined
with hypoperfusion. Microscopically, centrilobular
hemorrhagic necrosis is seen which is reflected macro-
scopically by a variegated mottled appearance of the
liver. In an uneventful clinical course necrotic hepato-
cytes and erythrocytes are removed by Kupffer cells.
Focal accumulations of ceroid and siderin-storing
macrophages may persist for weeks and months, and
testify to this phagocytotic activity of Kupffer cells.
Clinically the rapid filling of the liver with blood
leads to hepatomegaly, and acute distention of Glisson’s
capsule causes pain in the right upper abdomen. The
alterations in liver enzymes are similar to those seen in
ischemic hepatitis (see Chapter 62). Sonographically
the intrahepatic veins are pronounced and wide. In
right sided heart failure the respiratory oscillations in
diameter of the inferior vena cava are restricted.

Chronic Hepatic Congestion

If the underlying disease process continues, congestion
becomes chronic with dilated blood-filled sinusoids,
atrophic liver cell plates, and confluent centrilobular
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hemorrhagic necroses. A “reversal of lobular architec-
ture” ensues with portal tracts surrounded by viable
parenchyma at the center surrounded by necrotic and
hemorrhagic parenchyma. Macroscopically the organ
takes on the aspect of a “nutmeg liver”. In addition,
hypoxic steatosis and cholestasis of the remaining
parenchyma may impart an even more variegated
aspect to the liver reminiscent of “autumn foliage”.
With continuing congestion fibrous septa devoid of
parenchymal cells develop and connect terminal
hepatic venules of neighbouring lobules, leading to
“cardiac cirrhosis” which, is not a true cirrhosis but
rather a cardiac sclerosis. Marked regenerative nodules
are lacking and extrahepatic complications of cirrhosis
are rare.

Animal experiments evaluating the hepatic response
to right ventricular pressure overload show that along
with changes of hepatic architecture a reprogramming
of gene expression occurs. Even prior to the develop-
ment of necrosis and fibrosis, congestion initially leads
to a discontinuous and finally to a disappearance of
centrilobular expression of enzymes, which become
reexpressed in the periportal zone [16].

Clinically an enlarged liver of hard consistency may
be palpated. The serum aminotransferases are mildly
elevated. On ultrasound the liver displays a mild non-
specific increase and irregularity in echogenicity. With
high resolution ultrasound probes (7.5MHz) a finely
undulated liver surface may be visualized in advanced
stages.

The diagnosis of chronic hepatic congestion is
based on integrating all findings within the clinical
context and not on the results of a single examination.

Budd-Chiari Syndrome

George Budd, an internist at King’s College Hospital
in London, in his memorable work “Diseases of the
Liver” published in 1845 has described the occlusion
of liver veins with painful hepatomegaly, refractory
ascites, and liver failure. The syndrome has already
been mentioned earlier by Rokitansky in 1842, and in
1899 Hans Chiari, a pathologist in Strasbourg, exam-
ined three further cases with liver vein thrombosis,
assuming they were the result of a primary endophle-
bitis [8].

Definition

Budd-Chiari syndrome (BCS) is a rare, heterogeneous,
and potentially lethal condition related to the obstruc-
tion of the hepatic venous outflow tract [43]. The origi-
nal strict definition relating BCS to the occlusion of
liver veins and/or the suprahepatic inferior vena cava,
nowadays has been abandoned and the term is applied
to most forms of hepatic venous outflow compromise
irrespective of the cause or the site of vascular obstruc-
tion [23]. However, heart failure and sinusoidal
obstruction syndrome, which also impair hepatic
venous outflow and share many features with BCS
should be considered separately [43].

Epidemiology

Exact data regarding the incidence and prevalence of
BCS in Europe and in the USA are not available. In India
BCS underlies 7-9% of cases of portal hypertension [12,
38]. Women are more often affected than men, with the
average age on presentation being 35 years [42].

Etiology and Pathogenesis

Thrombotic occlusion of the major hepatic veins is the
most frequent cause of BCS in the West [I1].
Myeloproliferative disorders (MPD) and hypercoagu-
lable states are the leading causes of BCS (approxi-
mately 70% of cases). In approximately 20% of patients
BCS remains idiopathic. A number of these idiopathic
cases do not fulfill the diagnostic criteria for overt MPD
but have features suggestive of a latent (occult) MPD
based on hyperplastic bone marrow and erythroid pro-
genitor cell culture. A clonal mutation in JAK?2 tyrosine
kinase occurs in a high proportion of patients with
MPD [35, 37]. JAK?2 is a signal-transduction molecule,
which acts downstream of several cytokine receptors
including the erythropoietin receptor. The V617F muta-
tion (substitution of phenylalanine for valine at amino
acid position 617) gives rise to increased tyrosine
kinase activity and allows erythroid precursors to grow
in the absence of exogenous erythropoietin. Analysis to
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identify JAK2 mutations provides critical information
supporting an (occult) MPD as the cause of a hitherto
idiopathic BCS [9, 35, 37].

Recent data also suggest that patients with BCS,
including those without an underlying MPD, display a
specific gene expression profile that is different from
that of normal liver and cirrhosis, and is also different
in acute and chronic forms of BCS [34].

The various etiologies of BCS are reported in
Table 59.1.

As compared with pure hepatic vein thrombosis,
inferior vena cava thrombosis is more common in

Table 59.1 Causes of and conditions associated with Budd-Chiari
syndrome*

Myeloproliferative disorders (approx. 50% of cases)

(primarily polycythemia vera and essential
thrombocythemia)

e Occult®

e Classic

Hypercoagulable states

e Antiphospholipid syndrome

e Factor V Leiden mutation

e Factor II G20210A mutation

* Protein C and S deficiency

* Antithrombin III deficiency

* Plasminogen deficiency

e Increased plasma levels of factor VII, VIII and homo-
cystein [10]

* Paroxysmal nocturnal hemoglobinuria

Behcet’s disease

Pregnancy

Oral contraceptives (only agents with high estrogen
content)

Membranous webs of inferior vena cava

* Congenital

* Acquired

Hepatic infections (abscess, echinococcal cyst)

Malignant tumors (hepatocellular, adrenal, renal carcino-
mas: direct spread or production of erythropoietin)

Abdominal trauma

Ulcerative colitis

Celiac disease

Sarcoidosis (granulomatous involvement of hepatic veins)

Hypereosinophilic syndrome

Idiopathic (up to 20% of cases)

“Most diseases associated with BCS are combined with under-
lying thrombophilias.

®Qccult polycythemia vera may be detected by flow cytomet-
ric analysis of autonomous growth of erythroid precursors
[20]. JAK2 mutations detect occult forms of myeloprolifera-
tive disorders.

‘May be easily diagnosed using flow-cytometry for CD55-
and CD59-deficient circulating blood cells.

Asia and Africa. Obstruction of the inferior vena cava
by membranes (webs), as well as short-length
stenoses, may also be a sequela of thrombosis, and is
complicated more commonly by hepatocellular
carcinoma.

Short-length stenoses are found in approximately
25% of patients with hepatic vein obstruction and in
more than 60% of patients with inferior vena cava
obstruction at its hepatic portion (“obliterative hepato-
cavopathy”) [32, 41]. It is not clear why the inferior
vena cava is involved so frequently in the Far East and
relatively rarely in the West.

BCS may rarely occur in pregnancy, or during
infections. It is a common complication of Behcet’s
disease, in which it is often found with a concomitant
thrombosis of the portal vein. Hepatic vein thrombosis
in Behcet’s disease nearly always represents the exten-
sion of inferior vena cava thrombosis [2]. Associations
of BCS with celiac disease, hypereosinophilic syn-
drome, and antiphospholipid syndrome have all been
reported [3, 13, 26].

Diffuse involvement of the small hepatic veins
(sparing the large veins) is common in paroxysmal
nocturnal hemoglobinuria [40].

The occlusion of hepatic venules is generally toxic
in origin and secondary to sinusoidal obstruction (sinu-
soidal obstruction syndrome, see Chapter 60).

BCS has also been classified as primary or second-
ary. BCS is considered primary when obstruction of
the hepatic venous outflow tract is the result of an
endoluminal venous lesion such as thrombosis, webs,
or endophlebitis. It is considered secondary when the
obstruction results from the presence in the lumen of
material not originating from the venous system (e.g.
tumor, abscess, parasitic cyst) or from extrinsic venous
compression without invasion by neighboring space
occupying lesions [21, 31]. In practice, extraluminal
and intraluminal changes (for example compression
leading to thrombosis) are often combined.

BCS causes postsinusoidal portal hypertension,
which may lead to complications similar to those
observed in cirrhosis. Patients with BCS have activa-
tion of vasoactive neurohormonal systems (increased
plasma renin activity, aldosterone and norepinephrine
levels) and expanded plasma volume. However, in
contrast to cirrhotic patients they do not exhibit a
hyperdynamic circulation (i.e. systemic vasodilatation,
increased cardiac output) [19].
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Pathology

The liver veins may be completely or partially occluded
by thrombi which may extend into neighbouring
venous vessels. The main histologic features on liver
biopsy are congestion, liver cell loss, parenchymal
atrophy and fibrosis, all of which predominate in the
centrilobular areas. When portal and hepatic veins are
simultaneously obstructed the corresponding liver
areas undergo infarction and transform into fibrotic
scars devoid of liver parenchyma. In insiduously devel-
oping BCS, a ductular reaction (not all portal tracts are
affected) and the formation of multiple regenerative
nodules (nodular regenerative hyperplasia) is common.
These nodules are thought to represent the hyperplas-
tic response to focal loss of portal perfusion combined
with hyperarterialization in areas with preserved
hepatic venous outflow [7, 39, 44].

Diagnosis

The clinical spectrum of BCS is wide, and depends on
the underlying illness, and the extent and rapidity of
the obstructive process. It extends from asymptomatic
occlusion of hepatic venules to life-threatening and
fatal BCS. The diagnosis is based on a high index of
suspicion and imaging with ultrasound and MRI must
be performed without delay. The diagnosis of BCS fol-
lows three major pathways

* Establish the diagnosis

* Find the cause

e Specify the level of obstruction in the hepatic
venous outflow tract

Clinical Manifestations

The presentation of BCS varies, ranging from an
asymptomatic condition recognized incidentally to
fulminant hepatic failure [17]. According to the rapid-
ity of onset an acute, subacute and a chronic form may
be distinguished. Approximately one third of patients
present acutely, while the majority have a subacute
(weeks) or chronic (months) presentation. Chronic

presentation is particularly common in the Far East
and in South Africa. Except for descriptive purposes,
however, the use of this classification has uncertain
clinical utility.

The typical patient reports the onset of abdominal
distention (due to the development of ascites) associ-
ated with abdominal pain. The prevalence of symp-
toms varies, with abdominal pain occurring in 23-57%,
painful hepatomegaly in 55-89%, leg edema in
32-41%, and jaundice in 6-18% of cases. Dilated and
tortuous veins over the abdominal wall and the back
occur in 27-49% of patients [43]. If portal hyperten-
sion is marked, bleeding from esophageal or gastric
varices may occur. Signs of liver failure are noticed
only in the most severe cases.

Laboratory Findings

A rise in aminotransferases, and in lactate and gluta-
mate dehydrogenase levels is nonspecific. Despite the
appearance of the above-mentioned symptoms and
signs, the parameters of liver synthetic function typi-
cally remain normal. This discrepancy should focus
one’s suspicion to an impairment of hepatovenous
outflow.

JAK? is a very reliable and noninvasive molecular
marker, even for the occult forms of myeloproliferative
diseases and should be used as an early test for estab-
lishing the cause of BCS [37].

Imaging Techniques

Imaging techniques are the mainstay in the diagnosis
of BCS. A stepwise approach is advised. Grey scale
sonography and color Doppler imaging combined with
pulsed Doppler should be used as first-line, with
magnetic resonance imaging reserved as second-line
testing. On grey scale sonography intrahepatic or sub-
capsular hepatic venous collaterals are a sensitive fea-
ture of the diagnosis, being found in more than 80% of
cases. Extrahepatic portal vein thrombosis is found in
up to 20% of patients with BCS [43]. The diagnosis of
BCS by pulsed Doppler sonography is accurate in 87%
of cases [5].

Direct venography is not necessary for establishing
the diagnosis. In planning treatment, however, it
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remains the gold standard, permitting the precise delin-
eation of the site and the extent of outflow obstruction.
Venography should be reserved for patients in whom
interventional therapy is contemplated. Nuclear imag-
ing is nonspecific and insensitive in BCS.

Liver biopsy is not mandatory in patients with sus-
pected BCS. The histologic changes are nonspecific,
corresponding to those seen in congestion and circula-
tory failure. The lesions are distributed unevenly
throughout the liver giving rise to sampling error.
When liver biopsy is considered in a BCS patient
whose coagulation is impaired the transvenous
approach should be chosen.

An interesting distinctive feature in BCS is hyper-
trophy of the caudate lobe, which is found in 80% of
patients with occlusion of hepatic veins. The reason
for caudate lobe enlargement is its unique blood sup-
ply. It receives its venous blood from the right and left
branches of the portal vein. The venous outflow from
the caudate lobe (segment 1) into the inferior vena
cava, however, does not occur through the hepatic
vein, but through separate veins (Vv. spigelii). In
thrombotic occlusion of all three major hepatic veins
the entire venous flow of the liver passes through the
caudate lobe causing it to enlarge markedly. The
increase in size may be so pronounced as to cause
compression with secondary thrombosis of the infe-
rior vena cava.

Prognosis and Treatment

The natural history of BCS is poorly understood. Some
patients may recover, however aggravation may occur
unpredictably. The survival rates at 1 year and 5 to 10
years are about 60—70% and 10-50%, respecively [45].
With simultaneous portal vein thrombosis the median
survival rate is approximately one month! [24] Four
independent factors appear to correlate inversely with
survival: age of the patient, response of ascites to
diuretics, Child-Pugh score, and serum -creatinine.
Spontaneous repermeation of thrombosed veins with
recovery does occur, but is extremely rare.
Hepatocellular carcinoma has been described occa-
sionally in patients with BCS, mostly in those with
long-standing obstruction of the inferior vena cava

[18, 31, 32]. Differentiating regenerative nodules from
HCC without biopsy is extraordinarily difficult.

The management of BCS includes the treatment of
the underlying illness, the therapy of complications of
portal hypertension, anticoagulation therapy, decom-
pression procedures and liver transplantation [4, 6,
14, 15, 22]. Therapeutic procedures should be intro-
duced in a stepwise fashion by order of increasing
invasiveness, based on the response to previous ther-
apy rather than on the severity of the patient’s condi-
tion [36].

Although the evidence for the efficacy of anticoagu-
lation therapy is circumstantial, systemic anticoagula-
tion should be started expeditiously [42, 45]. Especially
in patients with extension of thrombosis into the
splanchnic venous bed a liberal use of anticoagulants
has been advocated [29]. The type and duration of opti-
mal anticoagulation have not been established. Usually
intravenous heparin is followed by long-term (life-long?)
warfarin. If long-term heparin-based anticoagulation
is used low-molecular-weight heparin is generally
preferred to unfractionated heparins because of a
lower risk of heparin-induced thrombocytopenia and
thrombosis.

In severe focal hepatic venous outflow occlusion,
angioplasty with or without stenting, and local throm-
bolysis may be used. The use of systemic thrombolytics
is controversial. In severe diffuse forms of BCS decom-
pression with a transhepatic (TIPS) or a surgical porto-
systemic shunt may be indicated [1, 4, 14, 25, 28, 30].

Fulminant liver failure or severe decompensated
disease will require liver transplantation. The survival
rate at ten years after transplantation is 70-75%. The
risk of recurrence is low when anticoagulant therapy is
instituted early [4, 6, 27, 43].

Central Hyaline Sclerosis

Central hyaline sclerosis (also called sclerosing hya-
line necrosis) is characterized by centrilobular paren-
chymal necrosis and fibrosis leading to obliteration of
terminal venules with consequent impairment of
venous outflow. The condition is rare and may occur in
alcoholic hepatitis where it may cause portal hyperten-
sion with ascites without the presence of liver
cirrhosis.
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Prolapse of Hepatocytes
into the Central Veins

This very rare condition is characterized by a diffuse
liver cell hyperplasia with prolapse of hepatocytes into
the terminal hepatic venules, resulting in partial occlu-
sion of the vessels. It has been described in patients on
long-term methyl-testosterone therapy [33].
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Sinusoidal Dilatation

A pure sinusoidal dilatation is observed in approxi-
mately 3% of all liver biopsies (excluding congestion,
sinusoidal infiltrates, liver cirrhosis or handling arti-
facts) [3]. Neoplastic and granulomatous diseases
(tuberculosis, brucellosis, Crohn’s disease, sarcoido-
sis) are frequent causes of focal sinusoidal dilatation,
even in the absence of hepatic infiltration by tumor
cells or the deposition of granulomas.

The pathogenesis of sinusoidal ectasia is unknown.
Marked dilatation of sinusoids as an isolated histologi-
cal change, however, should prompt the search for a
tumor or a granulomatous disease.

In right sided heart failure and in obstruction of
hepatic venous outflow passive dilatation and conges-
tion of centrilobular sinusoids is readily explained by
the increased intrasinusoidal hydrostatic pressure. If
the process continues, liver cell plates become atro-
phic, lipofuscin accumulates within hepatocytes, and
perisinusoidal fibrosis with deposition of sinusoidal
basement membranes develops. As described in
Chapter 59, this process leads to cardiac sclerosis
(“cirrhose cardiaque”™).

Dilatation of sinusoids in acinar zones 2 and 3 has
been described occasionally in patients on long-term
treatment with azathioprine.

The chronic intake of oral contraceptives has been
suggested as a possible cause of sinusoidal dilatation,
which may assume “dramatic” extensions with atro-
phy and rupture of liver cell plates and collagenization
of the space of Disse (see below). Similar lesions have
also been occasionally observed within the context of
pregnancy associated liver disorders [13].

Sinusoidal dilatation may also form as a paraneo-
plastic reaction in malignant lymphoma and occur in
the vicinity of liver metastases.
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Recently, isolated sinusoidal dilatation has been
described in patients with the antiphospholipid syn-
drome, suggesting a prothrombotic state as a possible
underlying mechanism [11].

Peliosis Hepatis

Definition

Hepatic peliosis is characterized by fluid- or blood-
filled spaces of various sizes within the hepatic paren-
chyma that are not lined by epithelium.

Epidemiology

Hepatic peliosis affects males and females of all age
groups equally. Exact data regarding incidence and
prevalence are not available.

Etiology and Pathogenesis

Drugs and toxins are the leading causes of hepatic
peliosis (Table 60.1). In addition, peliotic lesions may
be seen in tuberculosis, tumor cachexia, and in chil-
dren dying of suffocation.

A bacillary peliosis in AIDS-patients is caused by
infection with Bartonella (Rochalimaea) henselae [10].

Table 60.1 Substances that may cause hepatic peliosis
(selection)

Anabolic and androgenic steroids
e Testosterone

* Methyltestosterone

* Oxymetholone

* Fluoxymesterone

* Norethandrolone

* Methandrostenolone

Oral contraceptives

Danazole

Azathioprine

6-Thioguanine

Tamoxifen

Vitamin A (overdose)

Vinyl chloride

Thorium dioxide (Thorotrast®; not in use anymore)

The pathogenesis is unknown. Sinusoidal epithelial
injury appears to be the pacemaker lesion for the devel-
opment of peliosis.

Pathology

The lesions are generally distributed diffusely through-
out the liver. In occasional patients isolated peliotic
areas with mildly compressed but otherwise normal
intervening parenchyma have been described. Micro-
scopically the peliotic lesions are lined by hepatocytes;
an endothelial lining is absent. Their hemorrhagic con-
tent may be liquid, coagulated or organized, and may
communicate with the surrounding sinusoids and ter-
minal hepatic venules.

In bacillary peliosis multiple microorganisms, located
extracellularly as well as within round histiocytic cells,
may be demonstrated on Warthin-Starry staining. In
addition to the lesions described above, a marked vas-
cular proliferation may be present (bacillary angioma-
tosis) [10].

Extrahepatic peliosis may affect many organs, espe-
cially the spleen.

Diagnosis

Signs and Symptoms

The changes are asymptomatic initially. Depending on
their size they can cause mass effects and a painful
hepatomegaly. Rupture with intraperitoneal bleeding
and acute abdominal pain occurs rarely.

Laboratory Parameters

Serum concentrations of aminotransferases and chole-
static enzymes may be normal or mildly elevated. The
enzyme profile is nonspecific.

Imaging Techniques

Imaging techniques (ultrasound, CT, MRI) are the
mainstay of morphologic diagnosis of hepatic peliosis.
The liver surface may be undulated. On ultrasound the
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peliotic lesions appear as localized hypervascularized
areas of varying echogenicity [1]. However, the sono-
graphic findings are nonspecific and do not allow one
to distinguish peliosis from hepatic metastases or from
a multilocular hepatocellular carcinoma.

The diagnosis can be confirmed by liver biopsy and
pathogens can be demonstrated by silver staining tech-
niques or PCR.

Therapy and Prognosis

Potentially causative factors, such as anabolic steroids,
should first be discontinued. Peliotic lesions, however,
rarely are reversible, and persist even after withdrawal
of steroids. Most cases with marked and progressive
hepatic peliosis are fatal.

Treatment of bacillary peliosis with erythromycin,
clarithromycin or doxycylin yields good results.

In marked localized peliosis, or after intraperitoneal
rupture, surgical treatment is indicated.

Sinusoidal Obstruction Syndrome

Sinusoidal obstruction syndrome (SOS) was formerly
called veno-occlusive disease because the obliterative
lesions in this condition were often observed in the ter-
minal hepatic venules (central veins) and sublobular
veins. However, the primary pathogenetic events affect
the sinusoids and not the central veins (i.e. the sinusoi-
dal changes are not the result but the cause of central
vein occlusion), hence the term SOS. The involvement
of hepatic veins in SOS is not obligatory.

Definition

SOS is defined as a nonthrombotic obstruction of sinu-
soidal blood flow.

Epidemiology

The disease is observed primarily in children and ado-
lescents. It was initially described in the Caribbean and

in South America, but SOS is global in distribution.
Exact data on incidence and prevalence of SOS are not
available.

Etiology and Pathogenesis

SOS is toxic in origin. The most frequent causes world-
wide are bush teas containing pyrrolizidine alkaloids
[2, 4]. Natural herbal remedies, such as viper’s grass
which is used as a tea and a general “tonic,” may also
cause SOS.

In Western countries SOS is most often associated
with bone marrow and hematopoietic cell transplan-
tation, use of immunosuppressive drugs, and graft ver-
sus host disease [6, 9, 12]. Further etiologic factors
include radiation, aflatoxins, dimethylnitrosamines,
and extremely rarely oral contraceptives and hypervi-
taminosis A [7]. The causes of SOS and the risk factors
for SOS after hematopoietic cell transplantation are
summarized in Tables 60.2 and 60.3. The prevalence

Table 60.2 Causes of the sinusoidal obstruction syndrome

Pyrrolizidine alkaloids Leading cause of SOS in
non-industrialized
countries

Leading cause of SOS in

industrialized countries

Stem cell and bone marrow
transplantation (condi-
tioning chemotherapy,
whole body irradiation)

Chemotherapeutics and
immunosuppressants e Cyclophosphamide®

¢ Busulfan®

e Carboplatin

« BCNU

e Actinomycin D

* Mithramycin

* Dacarbazine

¢ Cytosine arabinoside
(cytarabine)

e 6-Thioguanine

* Azathioprine

e Oxaliplatin

Anti-CD33

For example, in children
with Wilm’s tumor

Monoclonal antibodies

Combined chemo- and
abdominal radiotherapy,
whole body irradiation

Post liver transplantation

“The hepatotoxic metabolite in the glutathione dependent metab-
olism of cyclophosphamide is acrolein

°SOS occurs primarily when busulfan is administered prior to
cyclophosphamide
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Table60.3 Risk factors for the sinusoidal obstruction syndrome
in association with stem cell or bone marrow transplantation

Pretransplantation factors ¢ Impaired liver function

* Liver metastases

e Prior liver irradiation

* Administration of vanco-
mycin or acyclovir prior
to transplantation

* Past myeloablation and
stem cell transplantation

* Past therapy with
anti-CD33

e Chronic hepatitis C

* Protein C deficiency

* Factor V Leiden
mutation®

e Prothrombin gene 20210
G-A mutation®

Transplantation related .
factors

High dose conditioning

regimen

* Allogeneous transplanta-
tion as compared to autol-
ogous transplantation

* Conditioning with
busulfan (especially when
area under curve
>1,500 umol/min/L and
combined with
cyclophosphamide)

*  Whole body irradiation,
especially when
combined with
cyclophosphamide

* Non-related donor
transplants or related, but
HLA-mismatched
transplants

* Methotrexate in the
prophylaxis of graft-
versus-host disease

* Cytomegalovirus

infection

*Very weak association with SOS
Source: According to [8]

of SOS within the context of stem cell transplanta-
tion strongly depends on the conditioning regimen
used prior to the transplant. The new non-myeloablative
regimens without cyclophosphamide (e.g., fludarabine
with low-dose whole body irradiation) are not
hepatotoxic.

The pathogenesis of SOS is not well understood.
The initial insult appears to be a poorly defined sinu-
soidal endothelial cell injury that activates a cascade
of events leading to non-thrombotic impairment of
microcirculationatthe sinusoidallevel. Biochemically,

sinusoidal endothelial cells are depleted in glutathione.
Activation of matrix metalloproteinases with degra-
dation of extracellular matrix and a derivative loss of
endothelial cell anchoring may also be pathogeneti-
cally relevant [9]. Hypercoagulable states do not
seem to be associated with the development SOS.

Pathology

The earliest lesion in animal experiments (seen on
electron microscopy) is swelling and rounding of sinu-
soidal endothelial cells with loss of endothelial fenes-
trations and extravasation of red blood cells into the
space of Disse. Trichrome stains are best suited for his-
tologic evaluation. The initial histologically visible
change is the edematous expansion of the subendothe-
lial space between the basement membrane and the
adventitia of terminal hepatic venules and sublobular
veins. Fragmented red blood cells and cell debris are
found within this space. These venular lesions are
accompanied by dilatation and congestion of sinusoids
with hemorrhagic necrosis of pericentral liver paren-
chyma. The architecture of liver cell plates is lost and
individual hepatocytes or groups of liver cells may
embolize into the lumen of damaged terminal hepatic
venules.

Approximately 2 weeks after patients with SOS
become symptomatic, activated stellate cells prolifer-
ate and extracellular matrix is deposited within the
subendothelial and perisinusoidal spaces. The advanced
stages of SOS are characterized by collagenization of
sinusoids and venules, and progressive and diffuse
liver fibrosis. In some cases fibrotic septa bridge termi-
nal venules of neighbouring lobules, imitating cardiac
sclerosis.

45% of patients with a mild to moderate SOS and
25% of those with a severe SOS do not show complete
occlusion of terminal hepatic venules.

Diagnosis

A high index of suspicion in the appropriate clinical con-
text (signs of portal hypertension in a patient exposed to
pyrrolizidine alkaloids, bush teas, immununosuppressant
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agents, post hematopoietic cell transplantation) should
lead to the correct diagnosis.

Signs and Symptoms

Functionally SOS is a disorder of hepatic venous out-
flow with abdominal distention, ascites, painful hepato-
megaly and splenomegaly. The clinical picture varies
according to the severity of SOS. Patients may be
asymptomatic or develop symptoms and signs of por-
tal hypertension, which typically precede those of
parenchymal liver failure. SOS associated with bone
marrow transplant usually begins 1-3 weeks after the
procedure. The occlusion of centrilobular veins is
associated with amore severe clinical picture. However,
even 20-30% of patients with occlusion of terminal
hepatic venules may be asymptomatic [6, 9].

Laboratory Parameters

The rise in serum bilirubin and aminotransferase levels
is nonspecific. High aminotransferase concentrations
are due to centrilobular necrosis and values greater
than 750 U/L are assumed to be associated with a poor
prognosis.

Imaging Techniques

Ultrasound, CT and MRI contribute little to the spe-
cific diagnosis of SOS, but rather show the conse-
quences of hepatic venous outflow.

Liver biopsy in SOS is often performed by the
transvenous route.

Differential Diagnosis

Graft versus host disease, viral infection, drug injury,
ischemic hepatitis and sepsis-associated cholestasis
are among the most important differential diagnoses.
In graft versus host disease cutaneous and intestinal
manifestations usually precede hepatic symptoms. Viral
infections include primarily those with herpes simplex,
varizella zoster, cytomegalovirus, and Epstein-Barr
virus. Ischemic hepatitis occurs in the clinical context
of systemic circulatory impairment.

Table 60.4 Different grades of severity of the sinusoidal
obstruction syndrome in association with cyclophosphamide
based myeloablation for stem cell transplantation

Mild Moderate  Severe

Weight gain (%) 7+3.5 10.1£5.3 155+9.2
Maximal bilirubin 47+29 79+66 26=152

concentration

(mg/dL)
Proportion of patients 23 70 85

with peripheral

edema (%)
Proportion of patients 5 16 48

with ascites (%)
Mortality on day 100 3 2 98

(all causes) (%)
Source: Adapted from [6]

Course and Prognosis

Most patients recover, while some progress to acute
liver failure. High serum aminotransferase values, ris-
ing creatinine levels, a high hepato-venous pressure
gradient, the development of portal vein thrombosis,
and diminishing blood oxygen saturation are associ-
ated with a poor prognosis. In clinically severe forms
mortality rates reach 100%. The patients usually die
from renal and cardiac rather than from hepatic failure.
In Table 60.4 the different grades of severity of cyclo-
phosphamide-associated SOS are reported.

A subclinical course with demonstrable histologic
lesions but without associated symptoms has also been
described.

Treatment

A specific management of SOS is not available and
treatment is supportive. All potential causes, such as
hepatotoxic conditioning regimens in hematopoietic
cell transplantation, must be avoided or eliminated.

Protein C and antithrombin III concentrations are
often diminished in SOS. However, administration of
antithrombin III is ineffective. In mild cases anticoagu-
lation with intravenous or subcutaneous heparin might
be helpful, but solid data supporting this approach are
lacking.

In individual cases intravenous infusion of N-acetyl
cysteine (50-150mg/kg body weight/day) over 2—4
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weeks has been reported to be beneficial. Data regard-
ing the efficacy of ursodeoxycholic acid in SOS are
conflicting.

TIPS or surgical portosystemic shunts have no
effect on survival.

Changes of Sinusoidal Contents

Dilated sinusoids may contain abnormal cells or organic
material. Usually these changes are of ancillary clinical
importance and can only be demonstrated histologi-
cally. Occasionally, however, their presence in a liver
biopsy will yield the clue for the diagnosis of a sys-
temic disease.

In sickle cell anemia (see Chapter 97) panlobular
dilated sinusoids may be packed with deformed red
blood cells which often are phagocytosed by Kupffer
cells (erythrophagocytosis).

Sinusoids filled with acanthocytes hint towards
a-P-lipoproteinemia.

Neutrophilic granulocytes are seen in the context of
systemic leukocytosis and in so-called surgical necroses
(i.e. neutophils accumulate in the liver during abdom-
inal operations).

Increased numbers of intrasinusoidal eosinophils
may be present in generalized allergic reactions to
drugs, parasitic infections and in the hypereosinophilic
syndrome.

Lymphocytes within the sinusoids arranged in a
string of pearls-like pattern are typical (but not pathog-
nominic) for infection with Epstein-Barr and cyto-
megalovirus.

Focal groups of ceroid storing macrophages also
hint toward viral infections and may be present for
months as residual changes after resolution of acute
viral hepatitis.

Plasma cells are occasionally seen in multiple
myeloma and in Waldenstrom’s disease, mast cells in
systemic mastocytosis, and abnormal histiocytes in
histiocytosis X.

Extramedullary hematopoiesis may persist into
neonatal life in neonatal hepatitis. In adults the pres-
ence of megakaryocytes and immature white and red
blood cells within foci of extramedullary hematopoie-
sis suggest a myeloproliferative disorder or diffuse
metastatic involvement of the bone marrow.

Neoplastic cells within the sinusoids are seen in
leukemia, malignant lymphoma, and metastatic carci-
noma. An infiltration of sinusoids by tumor cells is
typical for angiosarcoma and epithelioid hemangioen-
dothelioma (see Chapter 102).

Intrasinusoidal fibrin deposits in zone 1 are charac-
teristic of eclampsia and disseminated intravascular
coagulation.

Pathogens, such as plasmodia, microfilaria (Wuchere-
ria bancrofti) or worm larvae (Strongyloides stercor-
alis) may also be encountered within the sinusoids
occasionally.

Perisinusoidal Lesions

Capillarization of sinusoids denotes the deposition of
collagen fibers within the space of Disse, with or with-
out the formation of a basement membrane. It may
occur among others in alcoholic hepatitis (predomi-
nantly in zone 3), in chronic viral hepatitis with marked
inflammatory activity (predominantly in zone 1), and
in drug induced liver damage (e.g., in hypervitamino-
sis A and during azathioprine and methotrexate ther-
apy). The fibrous tissue within the space of Disse may
be visualized by the usual trichrome stains. The mor-
phological demonstration of basement membranes
requires immunocytochemical techniques using anti-
bodies against laminin and collagen type IV.

In patients with long-standing diabetes mellitus a
noncirrhotic form of sinusoidal fibrosis not associated
with nonalcoholic steatohepatitis may be observed.
Recently the term “diabetic hepatosclerosis” has been
proposed for this entity and suggested that it repre-
sents a form of diabetic microangiopathy affecting the
liver [8].

Amyloid may be deposited in the branches of hepatic
artery or in the space of Disse leading to progressive
atrophy of liver cell plates (see Chapter 87) [5]. It can
be confirmed by the classical congo-red stain or by
immunohistochemistry.

Perisinusoidal deposition of nonamyloidotic light
chains is rare, and occurs occasionally in chronic renal
failure. The deposits are PAS-positive, but do not stain
with the usual amyloid stains. They can be visualized
by immunocytochemistry using antibodies against k-
or A-light chains.
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Portal Vein Thrombosis

Portal vein thrombosis (PVT) is caused by endothelial
injury, either alone or in combination with hypercoag-
ulability and slowed blood flow. In Table 61.1 the most
important causes of portal vein thrombosis are reported
(see also etiology of Budd—Chiari syndrome in Chapter
59) [3, 8, 11, 19, 22]. The leading underlying disease,
which is associated with 25-30% of PVT-cases, is liver
cirrhosis. In many of these patients the liver harbors a
hepatocellular carcinoma.

PVT may be completely asymptomatic or present
with life-threatening complications, such as gastroin-
testinal hemorrhage and intestinal infarction [1].

Acute Portal Vein Thrombosis

Thrombotic obliteration of the portal vein usually
develops insidiously, but may also begin acutely. Acute
complete occlusion of the main portal vein trunk is a
dramatic clinical event. Due to the abruptness of the
process there is no time for the development of collat-
eral vessels and acute PVT may extend to the splenic
and mesenteric veins.

The clinical picture is characterized by acute dif-
fuse abdominal pain, hemorrhagic small intestinal
infarction, and circulatory shock. Acute abdominal
pain, fever and the rapid development of new or the
increase of preexisting ascites in a patient with known
cirrhosis should prompt the search for an acute PVT.

The sudden occlusion of the portal vein or of one of
its branches may cause a true or a pseudoinfarct in the
liver. Acute occlusion of an intraparenchymal portal
vein branch with concomitant impairment of arterial
flow leads to the formation of a pseudoinfarct of Zahn.
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Table 61.1 Etiology of portal vein thrombosis®

Prehepatic

¢ Pylephlebitis®

* Compression of portal vein (e.g. tumors, lymph nodes)

* Appendicitis

* Diverticulitis

* Pancreatitis

* Perforated peptic ulcer

* Tuberculous lymphadenitis

Intrahepatic

* Liver cirrhosis®

* Space occupying liver lesions
Hepatocellular carcinoma
Granuloma, abscess, cysts
Nodular transformation
Nodular regenerative hyperplasia

 Sinusoidal obstruction syndrome (formerly veno-occlusive
disease)

* Pylephlebitis

* Congenital liver fibrosis

* Hepatoportal sclerosis (idiopathic portal hypertension)

Posthepatic

* Right heart failure

» Constrictive pericarditis

e Tumors of right atrium

¢ Obstruction of inferior vena cava (above the entrance of
hepatic veins)

* Occlusion of hepatic veins

Hypercoagulability

e Protein C and S deficiency

* Antiphospholipid syndrome

* Antithrombin III deficiency

* Factor V Leiden mutation

* Factor II (Prothrombin) G20210A mutation

* Hyperhomocyteinemia (MTFR mutation)

* Increased Factor VIII

* Mpyeloproliferative Diseases (JAK2 mutations)
Polycythemia vera
Essential thrombocythemia

» Paroxysmal nocturnal hemoglobinuria

Miscellaneous

» Sickle cell anemia

e Liver transplantation

* Surgical porto-systemic shunt

* Malignancy

* Blunt trauma

* Radiation injury

* Antineoplastic chemotherapy

* Arsenic intoxication

* Oral contraceptives

* Pregnancy and potpartum

* Neonatal omphalitis

Idiopathic

“Endothelial injury, slowed blood flow and hypercoagulability
combined are pathogenetically important

"All causes of pylephlebitis may also cause portal vein thrombosis
‘Liver cirrhosis is by far the leading disorder underlying portal
vein thrombosis

It consists of a sharply demarcated, red-blue, wedge-
shaped area (the tip points towards the occluded portal
vein branch) of marked hemostasis. The sinusoids are
distended and the hepatocytes are severely atrophic but
not necrotic, hence the designation pseudoinfarct. The
development of a pseudoinfarct of Zahn is clinically
silent. Therefore the process usually goes unnoticed or
manifests incidentally by a slight and transient rise of
aminotransferase concentrations of unknown etiology.

Chronic Portal Vein Thrombosis

Subacute or chronic obliterative lesions of intrahepatic
portal vein branches may lead to liver atrophy, with or
without nodular regenerative hyperplasia of liver paren-
chyma [25]. The complete occlusion of a major portal
vein branch may result in atrophy of the corresponding
segment or lobe of the liver. When PVT develops insid-
iously, there is usually sufficient time for collateral ves-
sels to develop and a sponge-like, angiomatous network
(cavernous transformation of the portal vein) forms
that maintains hepatic circulation, albeit at a low level.
Portal hypertension results in the formation of esopha-
geal varices and splenomegaly. Interestingly, patients
with PVT, even in the absence of cirrhosis, may develop
subclinical neurological abnormalities compatible with
minimal hepatic encephalopathy [14].

The diagnosis of PVT is made by ultrasound with
Doppler flow studies, CT scanning or MR-angiography
(Fig. 61.1). Endoscopic ultrasonography with linear
probes also has emerged as a sensitive and specific
test to diagnose PVT [10]. A high percentage of
patients with cavernous transformation of the portal
vein may exhibit concomitant bile duct changes, such
as dilatation and compression (“cavernoma-associated
cholangiopathy”), which may remain clinically silent
or lead to cholestasis or obstructive jaundice. Thus,
cavernous transformation may be a rare cause of
extrahepatic cholestasisis, and MR-portography may
be coupled with MR-cholangiography in patients with
PVT [6]. In children cavernous transformation of the
portal vein is frequently associated with prehepatic
portal hypertension and congenital anomalies, partic-
ularly atrial septal defects or malformations of the bil-
iary tract or inferior vena cava [23].

Effective therapy of PVT is hampered by the lack of
controlled data on which to base clinical decisions. The
benefit of local thrombolysis in acute PVT (streptoki-
nase or tissue plasminogen activator) is uncertain.
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Recanalization of subacute and chronic PVT during
anticoagulation for 4 months has been reported, but the
study was not controlled and the data were evaluated
retrospectively [4]. Therefore, currently there is no com-
pelling evidence for thrombolysis or anticoagulation in
patients with PVT. Considering preexisting liver dis-
ease, complications of portal hypertension, and comor-
bidities in most patients with PVT, the risks and benefits
of these therapies should be balanced carefully [5].

Anatomic abnormalities causing extrahepatic portal
vein obstruction may be amenable to surgical cor-
rection.

Hepatoportal Sclerosis

Definition

Hepatoportal sclerosis (idiopathic portal hypertension,
non-cirrhotic portal hypertension; see also Chapter 53)
is adisease of unknown etiology which primarily affects
the intrahepatic terminal portal venules and leads to
atrophy of liver parenchyma as well as to presinusoidal
portal hypertension in the absence of cirrhosis.

Epidemiology

Exact data on incidence and prevalence are not avail-
able. The disease is very rare in Western countries, and
is encountered predominantly in India and in Japan.

The incidence in Japan is declining, which may sug-
gest the role of an infectious etiology. In Japan women
are affected three times more frequent than men, while
in India men are affected more commonly than women.
More than 90% of patients are older than 30 years, with
a mean age at presentation of 45-50 years [17, 20].

Etiology and Pathogenesis

The cause of hepatoportal sclerosis is unknown.
Immunologic alterations, chronic exposure to arsenic
compounds, microcirculatory disturbances due to the
formation of platelet microthrombi and fibrin emboli,
and infectious pathogens (e.g. Schistosoma, HIV) have
been incriminated [2, 7, 15, 16, 21, 22]. Pathogenetic
relationships to Banti’s disease (idiopathic splenom-
egaly with noncirrhotic portal hypertension) have been
discussed [13, 22].

Pathology

The terminal portal venules show fibrous intimal thick-
ening (phlebosclerosis) with muscular hypertrophy and
fibrosis of the media. The process leads to luminal
stenosis and finally to complete obliteration of portal
vein branches. The vascular lesions are particularly
well visualized by elastic fiber stains. A high incidence
of PVT is observed, which is believed to be secondary
to the impairment of intrahepatic microcirculation [12].
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Obliteration of portal veins is accompanied by marked
portal and periportal fibrosis, concentric peribiliary
fibroelastosis, sclerosis of the sinusoidal fibrous frame-
work and by parenchymal atrophy. Although oblitera-
tive portal venopathy may lead to the formation of
nodular regenerative hyperplasia, the basic lobular
architecture remains preserved in hepatoportal sclero-
sis [25]. These changes have to be distinguished from
secondary phlebosclerotic changes that may occur in
schistosomiasis, primary biliary cirrhosis, and even
without an underlying liver disease in old age.

Diagnosis

The clinical picture is dominated by signs and symp-
toms of portal hypertension.

The liver enzymes in serum are normal or only
slightly elevated. Often a mild hypergammaglobuline-
mia is observed.

Ultrasound, CT scanning and MRI show the seque-
lae (portal hypertension, liver atrophy) of the oblitera-
tive portal venous lesions but do not visualize the
primary disease process itself.

The hepato-venous pressure gradient is normal or
only slightly elevated (presinusoidal portal hyper-
tension).

The results of liver biopsy are affected by sampling
error since the process does not affect the entire organ
uniformly.

Prognosis and Therapy

The primary disease process is not amenable to ther-
apy. The prognosis largely depends on the efficacy of
prophylaxis and treatment of the sequelae of portal
hypertension, especially esophageal variceal bleeding
(see Chapter 80).

Portal Vein Inflammation
Pylephlebitis

Pylephlebitis is a suppurative endophlebitis of the por-
tal vein that may lead to the formation of liver abscesses,

mostly in the right liver lobe. It may be associated with
portal vein thrombosis.

Pylephlebitis begins as an infective thrombophlebi-
tis of small veins draining an area of infection. Septic
thromboemboli lodge in the portal vein and cause
inflammation of its wall. The etiology is multifaceted
(Table 61.2). The most common blood stream isolates
are Bacteroides fragilis, aerobic gram negative bacte-
ria, streptococci, staphylococci, citrobacter and yeasts.
Enterococci are found rarely [18]. In newborns septic
phlebitis of the umbilical vein may extend into the
intrahepatic portal vein branches.

Pylephlebitis is a chronic inflammatory disease
characterized clinically by prolonged fever, night
sweats, fatigue and intense malaise [9]. Abdominal
pain, when present, is usually not severe. The diagno-
sis should be suspected in intraabdominal septic disor-
ders with secondary involvement of the liver. Liver
abscess and bowel ischemia may complicate pylephle-
bitis.

Table 61.2 Causes of suppurative pylephlebitis

Gastrointestinal diseases
* Appendicitis
e Ulcerative colitis
* Crohn’s disease
* Diverticulitis of small and large intestine
* Infected hemorrhoids
* Proctitis
e Ulcerated intestinal cancers
e Infections (e.g. typhoid fever, abdominal tuberculosis,
shigellosis, schistosomiasis)
* Umbilical cord infections
* Perforating and deeply penetrating peptic ulcers
* Post gastrectomy
Hepatobiliary and pancreatic diseases
* Liver abscess
* Suppurative cholangitis
* Suppurative cholecystitis
* Echinococcal cysts
e Acute and chronic pancreatitis
* Pancreatic abscess (may also result from pylephlebitis)
Suppurative urogenital diseases
Foreign bodies and trauma
Miscellaneous
* Subphrenic and subhepatic abscesses
* Suppurative mesenterial lymphadenitis
* Suppurative retroperitoneal inflammation
* Lung abscess, pneumonia, emphysema
* Peritoneal carcinomatosis
Bacteremia
Rocky mountain spotted fever
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The laboratory examinations are nonspecific.
Marked elevations of inflammatory parameters (ESR,
CRP, neutrophil leukocytosis) are accompanied by a
mild to moderate rise of aminotransferases, alkaline
phosphatase and lactate dehydrogenase. However, a
normal leukocyte count and even neutropenia do not
exclude pylephlebitis. Blood cultures are mandatory
for diagnosis.

The results of imaging are also nonspecific. On
ultrasound, echogenicity of the liver is irregular.
CT-scanning shows heterogeneous, ill-defined enhance-
ment of parenchyma in the central liver segments.
Provided no liver abscess has formed, no space occu-
pying lesions are present. Demonstrating wall irregu-
larities of the portal vein is very difficult. The presence
of a thrombus in the portal vein is not sufficient by
itself in diagnosing pylephlebitis. Occasionally gas in
the portal venous system will be visualized.

Prognosis is very severe without adequate treatment.
In the preantibiotic era pylephlebitis was universally
fatal. Early, targeted antibiotic therapy is the treatment
of choice. Empiric broad-spectrum antibiotics should be
instituted with one of the following parenteral regimens
while culture results and sensitivities are pending [24].

* Combination therapy

Metronidazole 500 mg i.v. tid

plus one of the following,

Ceftriaxone 2 g i.v qd or
Cefotaxime 2 g i.v qid or
Ciprofloxacin 400 mg i.v. bid or
Levofloxacin 500 mg i.v. qd.

or
*  Monotherapy

Piperacillin/tazobactam 4.5 g i.v. qid or
Ticarcillin-clavulanate 3.1 g i.v. g4h or
Ampicillin-sulbactam 3 g i.v. qid or
Imipenem 500 mg i.v. qid or
Meropenem 1 g i.v. tid or

Ertapenem 1 g i.v. qd.

Most liver abscesses will require drainage, either oper-
atively or percutaneously (ultrasound or CT-guided).
The treatment plan should also consider the elimina-
tion of potential intraabdominal septic foci.

Granulomatous Phlebitis

Portal vein granulomas may occur in sarcoidosis,
schistosomiasis, and in mycobacterium avium intrac-
ellulare infection. Mineral oil granulomas are only
rarely encountered in the portal vein.

Portal Vein Gas Embolism

Gas inclusions within the portal vein in adults are fre-
quently caused by vascular mesenterial occlusion and
necrotizing enterocolitis. The common pathogenetic
mechanism includes intestinal wall defects through
which gas-forming pathogens reach the portal venous
circulation.

These intravascular gas inclusions are easily distin-
guished by sonography from air in the bile ducts (pneu-
mobilia) whichisregularly presentafter sphincterotomy.
Additionally, patients with portal vein gas emboli usu-
ally are severely ill, while pneumobilia occurs in clini-
cally healthy persons.
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Congentital Anomalies

The hepatic artery exhibits considerable anatomical
variations which usually are not clinically relevant,
and therefore are not discussed here. Anomalies of the
hepatic artery, however, may attain clinical signifi-
cance in certain situations such as during operative
procedures (inadvertent ligation) or in interpreting
angiographic findings (see Chapter 58).

Hepatic Artery Occlusion

Occlusion of the hepatic artery or of one of its branches
may be caused by thrombi, emboli, trauma or by inad-
vertent ligation. Due to the dual blood supply of the
liver, arterial occlusion does not necessarily lead to a
hepatic infarct. The consequences of impaired arterial
inflow depend primarily on the size of the occluded
vessel and the effectiveness of the collateral circula-
tion. Ligation of the proper hepatic artery leads to total
liver necrosis if arterial blood flow is not sustained by
anastomoses from the gastroduodenal or the right gas-
tric artery. Occlusion of smaller arteries results in focal
parenchymal necrosis (“hepatocyte dropout”).

Infusion of the antineoplastic agent floxuridine into
the hepatic artery may cause an arterial thrombosis or
an obliterative arterio- and venopathy of the vessels in
the portal tracts. Arterial chemoembolization attempts
to derive a therapeutic benefit from iatrogenic occlu-
sion of tumor-feeding vessels. Thrombosis of the
hepatic artery or of its branches induced by local infu-
sion of antineoplastic agents may also cause bile duct
ischemia with consequent bile duct strictures (see
Chapter 52).
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Hyaline fibrin thrombi in small arterial vessels,
characteristic of thrombotic thrombocytopenic purpura,
may also be found in the liver.

Hypoxic Hepatitis

See also Chapters 15 and 49.

The term “ischemic hepatitis” was coined in 1979 to
refer to a liver injury characterized histologically by
centrilobular parenchymal necrosis. Clinically, it is
vaguely reminiscent of infectious hepatitis with a sharp
increase in serum aminotransferase levels and the pres-
ence of anorexia, malaise, jaundice, and tender hepato-
megaly [3]. Although the disorder is not due solely to
ischemia and is not a hepatitis, the term continues to
be used interchangeably with “hypoxic hepatitis” and
“shock liver”. In view of the etiology, pathogenesis,
pathology and clinical features of the disorder, the gen-
eral term “hypoxic liver injury” would appear to be
more appropriate. Nonetheless, in this chapter, all four
terms (ischemic hepatitis, hypoxic hepatitis, shock
liver, hypoxic liver injury) will be used synonymously.

Definition

Hypoxic hepatitis is defined as an acute liver injury
due to an imbalance between hepatic oxygen supply
and demand in the absence of other acute causes of
liver damage. It is characterized by centrilobular paren-
chymal necrosis and a massive, but transient, increase
in serum aminotransferase levels.

Epidemiology

The incidence of hypoxic liver injury is 0.16% for
inpatient admissions, 0.9% for intensive care unit
admissions, 2.6% for cardiac care unit (CCU) admis-
sions, and 22% for patients admitted to the CCU
with decreased cardiac output [4]. If the cut-off value
for serum aminotransferase concentrations defining
hypoxic hepatitis is lowered the incidence figures are
accordingly higher.

Etiology and Pathogenesis

Hypoxic liver injury has been associated with congestive
heart failure, chronic respiratory failure, sepsis, profound
anemia, carbon monoxide poisoning, heat stroke, cocaine
use, ergotamine poisoning, bacterial endocarditis, ana-
phylactic reaction, extensive burns and hypotensive
states [4, 6]. Patients with chronic respiratory failure and
chronic liver congestion are particularly prone to devel-
opment of hepatic ischemia when a superimposed insult,
such as decreased perfusion, hypoxia, or contact with
endotoxin, occurs. Although hepatocellular ischemia is
the common pathogenetic denominator in all the respec-
tive conditions, in clinical practice hypoxic hepatitis can-
not be ascribed to only one pathogenetic factor, but
generally several factors act in concert. In patients with
left-sided heart failure and venous congestion secondary
to right-sided heart failure hypoxia of the liver results
from decreased arterial hepatic blood flow (ischemia).
Chronic respiratory failure aggravates liver hypoxia
mainly due to marked hypoxemia. The main contribut-
ing cause of hypoxic liver injury in patients with sepsis
and septic shock is the increased metabolic (oxygen)
demand of hepatocytes along with their inability to
extract adequate oxygen from the blood [5, 6, 10].
Endotoxemia from bacterial translocation through the
gut will promote hypoxic liver injury, as will a hyper-
metabolic state from alcohol abuse.

Acute sickle cell crisis in sickle cell anemia may
lead to ischemic hepatic changes due to clogging of the
sinusoids with damaged erythrocytes. However, marked
sickling may be present in the absence of hepatic paren-
chymal necrosis [1].

Pathology

Hypoxic liver injury predominantly affects centrilobu-
lar hepatocytes. Shock liver is the most severe form of
ischemic liver cell damage. It is a complex disturbance
of hepatic blood circulation occurring in circulatory
shock, and is characterized initially by compromised
arterial blood flow followed by secondary changes in
lobular perfusion and venous outflow. The histopatho-
logical features of shock liver are hypoxic centrilobu-
lar changes such as loss of glycogen, hypoxic vacuoles,
ballooning, and in its most severe form extensive zone
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3 hemorrhagic necrosis of liver parenchyma (see
Chapter 15). Provided the circulatory compromise has
not disrupted the lobular reticulin fiber framework,
and periportal cells remain viable, liver regeneration
occurs, starting from periportally localized progenitor
cells capable of proliferation and differentiation into
hepatocytes. Thus, centrilobular ischemic necrosis
often does not leave scars behind.

Diagnosis

Clinical Manifestations

Generally patients with hypoxic liver disease have mul-
tiple severe clinical problems, and symptoms are there-
fore usually related to the underlying disease and to
circulatory failure rather than to ischemic liver injury.
Patients may complain of right upper quadrant pain
(due to the enlarged, congested liver), weakness and
shortness of breath.

Hypoxic hepatitis is generally precipitated by an
acute event, most commonly arrhythmia, pulmonary
edema, and less commonly myocardial infarction. A
circulatory shock state, if present, is usually septic or
cardiogenic in origin. However, many patients with
hypoxic hepatitis have no documented decrease in
blood pressure and clinically a shock state is observed
in only about 50% of cases [6].

Laboratory Examinations

Characteristic of hypoxic hepatitis is a massive, sharp
but rapidly reversible increase in serum aminotrans-
ferase levels. Twelve to 48h after the initiating event
ALT and AST concentrations in serum rise to values up
to 20-50-100 times the upper limit of normal (cut off
value not exactly defined). Typically aminotransferase
levels decrease by 50% within 23 days if the causative
disturbance is eliminated (see Fig. 49.1). Elevations of
aminotransferase concentrations are accompanied by a
rise in LDH (often >5,000 U/L) and GLDH. The latter
enzyme is a good indicator of centrilobular injury since
it is localized preferentially in mitochondria of zone 3
hepatocytes.

Bilirubin values may be slightly elevated but jaun-
dice is not a clinical problem.

Imaging Techniques

Results of hepatic imaging are nonspecific. Hypoechoic
and hypodense irregularities are seen on ultrasound
and on CT-scanning respectively. Imaging techniques
are applied to exclude other causes of liver damage
rather than to diagnose hypoxic liver injury itself.

On liver biopsy various degrees of centrilobular cell
damage are seen and can be as severe as extensive cen-
trilobular necrosis. In patients with low serum amin-
otransferase levels hypoxic liver injury cannot be
diagnosed reliably without a biopsy.

Differential Diagnosis

The diagnosis of hypoxic hepatitis requires the
described laboratory changes and liver alterations in
the appropriate clinical setting. Toxin- or drug-induced
hepatitis, viral hepatitis, liver trauma, and pancreato-
biliary disease must be excluded. Typically, and in con-
trast to acute viral or drug-induced hepatitis, in hypoxic
hepatitis the markedly elevated liver enzymes return to
normal within a few days. Hepatitis due to toxins can
cause a marked increase in transaminase levels that
reverses rapidly after withdrawal of the inciting agent.

Prognosis and Treatment

The liver in hypoxic hepatitis is usually an innocent
bystander that becomes involved in others problems.
Treatment should be directed primarily at the underly-
ing disease. Prognosis depends mainly on the underly-
ing illness [7].

Ischemic Cholangiopathy

See Chapter 52.

Aneurysms

Hepatic artery aneurysms are usually sac- or spindle-
shaped, rarely dissecting. Men are affected four times
as often as females. 80% of aneurysms are solitary; in
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20% of cases multiple aneurysms are found. 60% of
solitary aneurysms affect the common hepatic artery,
30% the right hepatic artery, and in the remainder cases
small arterial vessels at the liver hilum are affected.
75% of hepatic artery aneurysms are extrahepatic.
Most aneurysms have a size of 2—-10cm at the time of
diagnosis [2].

Etiology

Hepatic artery aneurysms may be due to infections
(mycotic aneurysms, syphilis, tuberculosis; <5% of
hepatic artery aneurysms), trauma, generalized arterio-
sclerosis, or vasculitis, or they develop as iatrogenic
lesions after, for example, arterial puncture during
angiography. The increased use of interventional proce-
dures after blunt abdominal trauma reveals that almost
50% of hepatic artery aneurysms are pseudoaneurysms.
True aneurysms occur four times more frequently in the
extrahepatic than in the intrahepatic arteries. They usu-
ally involve the common hepatic artery, and are associ-
ated with arteriosclerosis [9]. More than 50% of patients
with polyarteriitis nodosa have multiple small (“mil-
iary”) intrahepatic arterial aneurysms.

Diagnosis

Clinical Manifestations

Aneurysms of the hepatic artery may be clinically
silent, compress neighboring structures, or rupture into
the liver or into the peritoneal cavity. Extrinsic com-
pression of the common bile duct results in cholestasis
with obstructive jaundice. Intrahepatic rupture causes
right upper abdominal pain and may lead to gastroin-
testinal bleeding from erosion of the aneurysm into the
stomach or duodenum. Erosion into the biliary tract
occurs in nearly 50% of patients with rupture of an
intrahepatic aneurysm. One third of these patients pres-
ent with the triad of biliary colic, hemobilia, and
obstructive jaundice [9]. The diagnosis should be con-
sidered in a patient with biliary colic associated with
gastrointestinal bleeding. The dissection of the wall of
the hepatic artery also causes acute abdominal pain,
which may radiate to the right shoulder. This is a rare
event and usually is misinterpreted clinically as pain of

biliary or pancreatic origin. Rupture of an extrahepatic
aneurysm into the peritoneal cavity manifests as
abdominal pain associated with hypovolemic shock.

Imaging Techniques

Ring-like calcifications at the liver hilum on plain
abdominal radiography should arouse the suspicion of
a hepatic artery aneurysm. The diagnosis is established
with color Doppler ultrasound or, increasingly, with
MR-angiography (Fig. 62.1). Nowadays, invasive con-
ventional angiography usually is no longer required.

Prognosis and Therapy

Risk factors for rupture are multiple aneurysms and a
nonatherosclerotic etiology. The risk of rupture in rela-
tionship to the size of an aneurysm of the hepatic artery
is not known. Without treatment almost 20-30% of
hepatic artery aneurysms rupture spontaneously into
the peritoneal cavity, with a mortality rate approaching
80%. Therefore, as soon as they are detected (usually
incidentally) hepatic artery aneurysms should be
treated either by ligation of the affected artery, embo-
lization, or stent-graft placement. To avoid hepatic
infarction, the portal vein must be patent. Vascular
reconstruction is required to prevent hepatic ischemia.

In intrahepatic aneurysms resection of a segment or
a lobe of the liver may be indicated.

Arterioportal Fistula

Arterioportal fistulae occur in connection with aneu-
rysms, tumors, in hereditary hemorrhagic telangiecta-
sia, after trauma and liver biopsy, and as congenital
malformations [11].

Pain in the right upper quadrant and a flow murmur
are the most common clinical manifestations. Portal
hypertension with ascites or variceal bleeding, or signs
of hyperdynamic circulation with high-output cardiac
failure are rare.

Small fistulae usually occlude spontaneously. Larger
arterio-venous fistulae associated with splenomegaly
and esophageal varices should be occluded by interven-
tional radiologic techniques or be treated surgically.
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Fig.62.1 Aneurysm of the
hepatic artery. On conven-
tional grey scale ultrasound
the lesion appeared as an
anechoic space occupying
mass. Color Doppler
sonography reveals complete
perfusion of the lesion
(Courtesy W. Scharnke, MD)

Fig. 62.2 Polyarteritis
nodosa involving a portal
branch of the hepatic artery.
Hematoxylin & Eosin (x400)

Arteritis

Inflammation of the hepatic artery is rare. It may occur
as a vasculitis affecting primarily the hepatic artery.
More commonly, however, the hepatic artery is
involved in a generalized vasculitic process in the con-
text of collagen vascular diseases, rheumatic disorders,
infections, drug-induced hypersensitivity reactions, or
in rejection reaction after orthotopic liver transplanta-
tion. Arteritis may lead to thrombotic occlusion and/

or the formation of aneurysms of the hepatic artery and
its branches.

Hepatic arteries are affected in 60% of patients with
polyarteritis nodosa; in approximately 15% of cases, a
vasculitic-thrombotic occlusion of the hepatic artery or
its branches leads to liver infarction (Fig. 62.2). A necro-
tizing angiitis of the hepatic artery with consequent
thrombosis may occasionally be seen in cocaine users.

An obliterative endarteritis of the fine branches of
the hepatic artery in the portal tracts with subintimal
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accumulation of foamy, lipid containing macrophages
(xanthomatous arteriopathy) and fibrosis is typical of
chronic rejection reaction (“rejection arteriopathy”)
after liver transplantation. However, it has also been
observed in single cases of rapid progressive loss of
bile ducts (vanishing bile duct syndrome) [8].

The use of oral contraceptives may lead to endothe-
lial cell hypertrophy and hyperplasia with deposits of
acidic mucopolysaccharides in the intima. These
changes are observed predominantly in portal tracts
adjacent to a hepatocellular adenoma.

Amyloidosis

Arterial amyloid deposits in the portal tracts have been
described in primary (AL) and secondary (AA) amy-
loidosis, in 68% and in 100% of cases, respectively.
See also Chapter 87.

Vascular Tumors

Hemangiomas, angiomyolipomas, hemangioendothe-
liomas and angiosarcomas are discussed in Chapters
101 and 102.
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63.1 Molecular Biology

and Imnmunobiology of Hepatitis
Viruses - Approach to Diagnosis
and Therapy

Molecular Biology of Hepatitis Viruses

Molecular Biology of Hepatitis A Virus

The hepatitis A virus (HAV) was first described by
Feinstone et al. in 1973 using electron microscopy to
investigate viral particles in the faeces of infected indi-
viduals. HAV belongs to the family Picornavirus, genus
Hepatovirus. It is a nonenveloped, small, single strand
RNA virus and the causative agent of infectious hepati-
tis. HAV is transmitted through the faecal-oral route,
spreading primarily through close personal contact with
an HAV-infected person. After replication in infected
hepatocytes, viral particles gain access to the intestine
by passing through the biliary tract. Hepatitis A viruses
are primarily human pathogens that can be, in contrast
to other hepatitis viruses, transmitted to different
primates. In addition, they grow in cell culture of
primate cells including diploid human fibroblast- and
hepatoma-cell lines. The complete genome of wild type
HAV was sequenced in 1987. The wild type HAV is
relatively resistant against heat and drought, grows
slowly in cell culture systems and does not affect the
cellular protein synthesis. The wild type virus shows no
cytopathic effects as compared to some other viral
variants.

Morphology, Genome Organization
and Replication

HAV is composed of a single strand, 3’-polyadeny-
lated (PolyA), positive-sense RNA genome surrounded
by a nonenveloped icosahedral capsid that is approx.
28 nm in diameter. The 7.5 kb large genome consists of
a single open reading frame (ORF) with 5°- and 3’-
noncoding regions (NCRs) (Fig. 63.1). The 750bp
5’NCR of the RNA strand comprises the internal



Molecular Biology of Hepatitis Viruses

673

Fig.63.1 Genome VPg

nt 735 (741°)

Open reading frame 7415

organization of hepatitis A

virus. The different HAV RNA

O

|—Po|yA

proteins and their function 5'NCR

aal

l 3'NCR
766 1423 2227

are indicated. The nucleotide

positions (nt) or amino acid Polyprotein |

P1 P2

positions (aa) are indicated.
“Downstream AUG codon at
nt 741 to 743 preferred for
translation. Virus-specific

aa .24 246 492

v

2227

protein (VPg); 5’and 3’ Proteins

11 | [
[Jve2|ve3| ver || 28 | 2c [3a]38]

| |
3c| b |

non-coding region (NCR); VP4
polyadenylation signal

(PolyA)

2A ‘
RNA-polymerase

capsid proteins

RNA-replication
PreVPg

VPg
protease

(+)-sense RNA strand

Translation

Transcription (1)

viral proteins

{
\

(-)-sense RNA strand
Transcription (2)

(+)-sense RNA strand

Fig.63.2 Common replication strategy of HAV, HCV and HEV.
First, the genomic (+)-sense RNA strand is transcribed into (-)-
sense RNA strand (1). The (—)-sense RNA strand then serves as

ribosome binding site (IRES). In addition, there is a
viral protein called virus-specific protein (VPg), bound
to the 5°-terminus of the RNA strand, possibly involved
in the initiation of RNA synthesis. The 3’ NCR consists
of 60 nucleotides and is tagged with a polyadenylation
(poly-(A)) signal. After translation of the single ORF,
the polyprotein is cleaved into one structural protein
P1, and two non-structural proteins P2 and P3.

As a common replication strategy of all positive-
sense RNA viruses, the genomic RNA functions as
mRNA and can be translated immediately upon infec-
tion of the host cell. Thereby the virus encoded RNA-
dependant RNA-polymerase (RdRp) is translated. The
RdRp catalyses the synthesis of both positive- and
negative-sense RNA (Fig. 63.2). The P1 protein is
cleaved into the four capsid proteins VP1-4 by a virus
encoded protease. The capsid proteins assemble to the
nucleocapsid in which the positive-sense RNA is pack-
aged. The epitopes conferring antibody recognition are
located within the unglycosylated capsid proteins and

a template for the synthesis of several RNA genomes (2). In
addition, the (+)-sense RNA strand is used as mRNA for the
synthesis of virus proteins

are probably formed by adjacent regions of different
capsid proteins. Therefore, the antigenic properties of
the epitopes depend on the conformational folding of
the capsid proteins.

Genotypes and Serotypes

In contrast to other Picornaviruses, HAV shows a highly
genetic and antigenic stability. HAV has been classified
into four human (I-IIT and VII) and three simian (IV-VI)
genotypes and genotype I and III are further classified
into subtypes with sequence variability of less than 7.5%
[69]. Within a given genotype sequence, homology is
defined to be more than 85%. Most human strains belong
to the genotype I, which has been divided into subtypes
Ia and Ib. For genotype II only two strains classified as
subtypes Ila and IIb are known. A global analysis of the
HAV structure did not reveal fundamental antigenic dif-
ferences. Thus, there is only one serotype of HAV.
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Molecular Biology of Hepatitis E Virus

In 1980 the hepatitis E virus (HEV) was identified and
assigned to the genus Hepevirus. Epidemic outbreaks
of acute hepatitis were reported in Asia which were not
caused by HAV and therefore referred to be related to a
so far unknown orally transmitted Non-A-Non-B hepa-
titis virus. After its visualization by electron micros-
copy in the faeces of infected patients, HEV was cloned
and sequenced in 1990.

HEYV is transmissible to different primates like chim-
panzees, cynomolgus monkeys, rhesus monkeys, pig-
tail monkeys, owl monkeys, tamarins and African green
monkeys. Efficient in vitro replication of the virus in
cell culture is very complex and time-consuming, and
cytopathic effects are described.

In the last years it became more and more obvious
that HEV circulation in non-HEV-endemic countries
could be higher than previously assumed. Anti-HEV-
antibodies could be detected in up to 28% of US-citizens
but it is unknown whether these antibodies were pro-
duced as response to a non-pathogenic HEV infection
or as cross reaction to a HEV-related antigen, probably
derived from a pig-HEV. Recently a high prevalence of
anti-HEV IgG was measured in 209 patients from the
Netherlands who all showed clinical symptoms of a
hepatitis. All patients were neither abroad nor in con-
tact with anyone who had hepatitis and all were tested
negative for hepatitis A, B, and C virus infection. This
study provides evidence of locally acquired hepatitis E
in The Netherlands. Therefore, in cases of unexplained
acute hepatitis, the diagnosis of hepatitis E should be
considered even in the absence of foreign travel.

Fig.63.3 Genome
organization of hepatitis E
virus. The partially
overlapping three open
reading frames (ORFs) and
their respective proteins are

Morphology and Genome Organization

Based on its morphology the HEV was originally classi-
fied within the family Caliciviruses (from 1988 to 1998)
but because of discrepancies concerning sequence rela-
tions it is now the sole member of the genus Hepevirus in
the family Hepeviridae. HEV is a non-enveloped, spheri-
cal, positive-sense RNA virus with a diameter ranging
from 27 to 34 nm. The HEV genome is shown in Fig. 63.3.
The approx. 7.5kb encompassing RNA contains a
3’-poly(A)-tail, short 5’- and 3°’NCR’s and three overlap-
ping open reading frames (ORFs). Each ORF is used to
express different proteins. ORF1 (5kb) is located towards
the 5’-terminus of the genome and encodes the non-
structural proteins that are required for virus replication
including a methyltransferase, a putative papain-like
cysteine protease, an RNA-helicase and an RNA-
dependent RNA-polymerase (RdRp). ORF2 which does
not overlap with ORF1 is located at the 3’-terminus of
the genome and encodes the capsid protein with a molec-
ular weight of 71 kDa. ORF2 contains important epitopes
that can induce neutralizing antibodies and has been the
focus of vaccine development. ORF3 encompasses 369
nucleotides. It begins with the last nucleotide of ORF1
and overlaps with ORF2 with 328 nucleotides. ORF3
encodes a small phosphoprotein (14.5kDa) which asso-
ciates with the cytoskeleton, suggesting a possible role in
the assembly of virus particles.

Genotypes and Serotypes

A high genetic heterogeneity that was observed in
sequence analysis of HEV isolates from different parts
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of the world can be assigned to four different geno-
types. Analysis of these different isolates using immune
electron microscopy revealed at least one common
cross-reactive epitope. Within the epitopes of the
Mexican and the Asian isolates amino acid homology
in the ORF2 and ORF3 is 90.5% and 73.5%, respec-
tively. In all given genotypes only one serotype is rec-
ognized. Thus an efficient vaccine should provide
protection against all genotypes. Recently, the safety
and efficacy of an HEV recombinant protein (rHEV)
vaccine in a phase 2, randomized, double-blind, pla-
cebo-controlled trial was evaluated. The study which
included 1,796 volunteers from Naples showed a high
efficacy of 95% in the prevention of hepatitis E [78]

Replication of the Hepatitis E Virus

The first step in virus reproduction is translation of the
non-structural proteins encoded by the ORF1 which
are necessary for virus replication. The viral RNA
functions as mRNA and is transcribed to negative-
strand RNA which serves as template for replication of
new virus genomes and mRNA'’s (see Fig. 63.2). Upon
virion maturation an alkaline domain, located at the
N-terminus of the capsid-protein, seems to play an
important role in encapsidation of the genome. It is
unknown, whether host proteins are involved in virus
replication and maturation.

Molecular Biology of Hepatitis B Virus

The human hepatitis B virus (HBV) together with HAV
belongs to the oldest known hepatitis viruses. The tax-
onomy of the most important species of this family is
summarized in Table 63.1. HBV belongs to a family of
closely related DNA viruses, called Hepadnaviridae.
The human HBV only infects mature hepatocytes of
humans and chimpanzees, and there is only a restricted
use of in vitro systems such as in vitro infection of
human hepatocytes. Besides the human pathogenic
HBYV there are several similar hepatitis viruses patho-
genic to animals, such as the woodchuck- or the duck-
HBYV which are also important model systems for HBV
research. HBV replicates primarily in hepatocytes but
can also be detected in other tissues and persistent low
level viremia is possible after recovery from HBV

Table 63.1 Taxonomy of the Hepadnaviruses

Family Genus Species
Hepadnavirus Orthohepadnavirus® HBV
WHV
GSHV
Avihepadnavirus® DHBV
HHBV

*Orthohepadnavirus: Hepadnaviruses, found in mammalian. HBV
human hepatitis B virus, WHV Woodchuck hepatitis virus, GSHV
ground squirrel hepatitis virus

®Avihepadnavirus: Hepadnaviren, found in birds. DHBV duck
hepatitis B virus, HHBV heron hepatitis B virus

infection. The number of HBV-DNA copies in human
sera can vary from 10" to 10" per mL, whereas the
ratio of infectious to non-infectious HBV particles is
1:1,000.

Until the introduction of new efficient cell culture
system for the in vitro study of HBV infection in 2002,
only human hepatocytes or hepatocytes of related pri-
mates were susceptible to HBV infection. However the
use of human liver material was hampered by the lim-
ited availability and the quality of hepatocyte prepara-
tion. The observation that hepatocytes of Tupaia
belangeri are susceptible to HBV and the human hepa-
tocyte-derived cell line HepaRG which supports the full
replication cycle of HBV represents a powerful tool to
study the mechanism of cell entry as well as many other
applications, including drug metabolism [27, 38].

Genome Organization

The hepatitis B virus is one of a few known non-
retroviral viruses which employ reverse transcription as
a part of their replication process. The HBV genome is a
partially double-stranded circular DNA consisting of
approximately 3,200bp (Fig. 63.4). The negative-sense
DNA strand encodes seven different proteins which are
expressed from four different, overlapping ORFs. These
OREFs, called S, C, P, and X, encode the structure pro-
teins (S and C) and the non-structural proteins (P and
X). These proteins are described in detail below. The
ORF which encodes the S-proteins, also termed hepati-
tis-B-S-antigens (HBsAg), comprises three different in-
frame start codons. These codons are located in different
domains referred to as preS1-domain, preS2-domain or
S-domain. Each start codon is used to initiate the trans-
lation of one of the three different S-proteins, the large
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Fig.63.4 HBV genome
organization. The circular
HBV-DNA is indicated with
its (—)-DNA strand, the
partially overlapping
(+)-DNA strand, the DR1/
DR2, and the enhancer
elements (Enhl and EnhlI).
The HBV genes preS1/
preS2/S, preC/C, P, and X
with the nucleotid positions
and the length of the encoded
proteins are shown. The
outer circles represent the
three subgenomic RNAs and
the pregenomic RNA. The
length and the polyadenyla-
tion signals (AAA) of each
strand is indicated. The
triangles in each strand
represent the start codon

(L), the middle (M) and the small (S) envelope protein.
From the C-ORF the preC-gene, also called hepatitis-B-
early-antigen (HBeAg) and the hepatitis-B-C-antigen
(HBcAg) or capsid-gene (C-gene) are transcribed. Due
to the overlapping nature of the different ORFs more
than 50% of the nucleotides are located in more than one
HBV-gene. The polymerase (P-protein) is covalently
bound to the 5’-terminus of the DNA strand. Further
important regions displaying regulatory function in
HBYV replication are the direct repeats (DR) 1 and DR2
as well as two enhancers (Enhl and EnhlII).

The HBV genome is surrounded by an icosahedral
capsid that is aproximately 22-25nm in diameter.
Besides the genome, the DNA-polymerase is encapsi-
dated into the nucleocapsid. The viral envelope consists
of membranes derived from the endoplasmic reticulum
(ER) of the infected cell in which the HBsAg is incor-
porated. In all infected individuals some small, approx-
imately 22 nm spherical particles, consisting of envelope
structures without bearing a nucleocapsid, circulate
together with the full infectious viral particles. The

concentration of these non-infectious particles, also
called the “Australian-antigen”, are 10>~ to 10°-fold
higher than the concentration of infectious particles.

HBV Envelope Proteins

The HBV envelope is composed of three related viral sur-
face proteins, the L- (large), M- (middle) and S- (small)
envelope-proteins, each, as indicated by the name,
with a different molecular weight. They are expressed
from one open reading frame containing two promot-
ers and three different in-frame start codons which are
located in different domains referred to as preSl-
domain, preS2-domain or S-domain. All of the three
envelope proteins share the S-domain as common
carboxyl-terminus. Depending on which of the three
translation initiation sites is used, the L-protein (389 aa
or 400 aa), the M- (281 aa), or the S-protein (226 aa) is
synthesized (Fig. 63.5). Depending on the glycosyla-
tion status, the L-protein exists as 39 or 42 kDa protein,
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Fig.63.5 Linear map of the

hepatitis B surface antigens.
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the M-protein as 33 or 36 kDa protein and the S-protein
as 24 or 27kDa protein. The surface proteins are not
only incorporated into virion envelopes but are, in addi-
tion, secreted in large amounts from infected hepato-
cytes as spherical and filamentous subviral lipoprotein
particles (22nm in diameter) bearing no nucleocapsid.

Like typical membrane proteins, the surface proteins
are synthesized at the endoplasmic reticulum (ER) and
are incorporated into the membrane. The transmem-
brane topology for the M- and the S-proteins are identi-
cal. The N-terminus of the proteins is inserted into the
lipid bilayer by a signal sequence. A second sequence
downstream of the first signal directs the translocation
of the polypeptide chain into the ER lumen and anchors
it into the membrane. Thereby, the C-terminus is ori-
ented towards the ER lumen whereas the hydrophobic
C-terminal domain is embedded into the membrane.
This configuration results in the formation of two loops,
one oriented towards the ER lumen and one to the cyto-
sol. The luminal loop which is N-glycosylated is known
to carry the major epitope for HbsAg [63]. The glyco-
sylation pattern seems not to be involved in epitope for-
mation. In contrast, the epitopes displayed on the
surface of preS1- and preS2-antigens are influenced by
the glycosylation motifs. For unknown reasons, there
are two forms of the L-protein because the transmem-
brane topology is changing posttranslational. Thus,
about half of the L-proteins carry an external and the
other half an internal preS-domain.

HBV Capsid Proteins

The entire open reading-frame of the C-gene contains
two in-frame start codons which are used to initiate the

synthesis of two proteins, the HBc- and the HBe-antigen
(HBcAg, HBeAg). The region in between the first and
the second start-codon is termed precore region (preC)
and the region between the second start- and the stop-
codon is termed core-region (Fig. 63.6). The HBeAg is
a nonstructural, secretory protein. It is translated from
the preC-ORF as a 25kDa unglycosylated protein
(P25). P25 is directed to the secretory pathway by a
19-amino acid signal sequence at the N-terminus that
is cleaved during translocation into the lumen of the
endoplasmic reticulum (ER), producing a 22kDa pro-
tein (P22). P22 is further processed in a post-ER com-
partment by the cleavage of 34 aa from its C-terminus
leading to the mature HBeAg. The HBcAg, which is
translated as a 21 kDa protein from the C-ORF assem-
bles to the nucleocapsid. The C-terminus of the core-
protein consists of several alkaline amino acids which
enable the protein to bind RNA and DNA. The HBcAg
is not directly detectable in blood samples because no
appreciable amounts of core proteins are secreted.
However, presentation of the highly antigenic HBcAg
through infected cells leads to consistent production of
anti-HBc-antibodies which are detectable as a marker
of HBV infection in blood screening. Core-proteins
that are not completely assembled lack the antigenic
activity of a conformational B-cell eptitope or a
putative sequential epitope. Besides, the HBcAg is
capable of initiating the cellular immune response.
Dissolving of core-particles, i.e. by detergent treat-
ment, abolishes the recognition by anti-HBc-antibod-
ies but free core particles P22 can be neutralized by
anti-HBe-antibodies. These antibodies also recognize
the P25 precursor-form of the HBeAg, which can not
assemble to core particles. In contrast to HBcAg,
HBeAg and anti-HBeAg-antibodies can be detected in
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Fig. 63.6 (a) transcription
of the HBcAg is initiated at
the second start-codon of the
ORF. The HBcAg is encoded
by the core-gene. (b)
Transcription of the HBeAg
is initated at the first
start-codon of the ORF at the
5’-terminus of the precore
region. The resulting
precursor protein P25 is
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blood samples. The HBeAg is known to have two
B-cell epitopes and several HBcAg specific determi-
nants which seem to be masked by the fast binding of
soluble HBeAg to serum albumin, alpha-anti-trypsine
and immunoglobulins. Thus, HBeAg cannot be elimi-
nated by HBc-antibodies. Alternatively, it is possible
that the HBeAg specific antigenic determinants of the
core particles are not accessible for antibody detection.
Based on murine experimental studies it is assumed
that the HBeAg has regulatory functions in the immune
response [52, 53]. Mutations in the preC-gene leading
to defective or terminated gene transcription which
abrogates the synthesis of HBeAg have been described
[12]. The most common mutant within the preC-gene is
the G to A mutation at nucleotide 1896. This mutation
transforms codon 23 from TGG to a TAG stop-codon.
HB V-infection with this mutant is highly replication-
ally efficient indicating that the HBeAg is not necessary
for virus replication. Infection with a mutant HBeAg

core-region __3-NCR

i translation

v

HBcAg (21 kDa)

negative isolate lowers the risk for the newborn child to
develop chronic infection as compared to wild type
HBV transmission. In wild type-HBV infection the
development of chronic hepatitis B may be due to the
interaction with the HBeAg which has been shown to
be responsible for promoting immune tolerance in utero
in perinatal infection and to modulate immune response
to the HBcAg [16]. In contrast to the preC mutation,
mutations in the core promoter have been associated
with enhanced pathogenicity, including the develop-
ment of hepatocellular carcinoma [5, 36]. In addition,
core promoter mutations cumulatively enhance viral
genome replication in vitro [61]. There are several stud-
ies which show a correlation of core promoter muta-
tions and fulminant hepatitis, and even a well
documented outbreak of fulminant hepatitis after trans-
mission of a core promoter mutant is published [42].
However, a case-controlled study is needed to verify the
significance of HBV mutants in fulminant hepatitis B.
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HBV Polymerase

The HBV polymerase, designated pol or P-protein with a
molecular weight of 84kDa, is a multifunctional enzyme
with RNA- and DNA-dependent DNA polymerase func-
tion. The polymerase is composed of four domains,
namely, the terminal protein (TP), the spacer protein, the
reverse transcriptase (RT), and the RNaseH. The TP
domain is covalently linked to negative-strand DNA
which is important for the packaging process of prege-
nomic RNA into the nucleocapsid and for the initiation of
HBYV replication. The spacer protein has not been shown
to be associated with specific functions. The RT-domain
contains the consensus motif for the reverse transcriptase.
The RNaseH domain is responsible for the degradation
of the pregenomic RNA template in terms of replication.

HBx-Antigen

The exact function of the 17kDa HBV-X protein is
still unknown. The sequence of the HBV-X protein
encoding gene is highly conserved among the genus
Orthohepadnaviridae which might attribute an essen-
tial role to this protein. Several studies have shown that
HBV-X can transactivate the transcription of several
promoter-enhancer constructs in transfection experi-
ments [77, 83]. In addition, the HBx protein has been
proposed as an important oncogenic stimulus for the
development of hepatocellular carcinoma in chroni-
cally infected individuals [7, 8, 22, 60].

Genotypes, Serotypes and HBV-Variants

Genotypes and Serotypes. Worldwide, HBV isolates
have been classified into eight genotypes, A — H. More
than 8% divergence in the whole genome sequence or
more than 4.1% divergence in the S-gene sequence rep-
resents the basis for differentiating various genotypes
[58, 59]. Different HBV genotypes have been shown to
have a distinct geographic distribution. In Europe,
mainly HBV genotypes A and D are present. Genotype
A is more prevalent in northern Europe, whereas geno-
type D is mainly found in the Mediterranean countries
and in Eastern Europe [75]. In the USA genotype A, B,
C, G, and H are present whereas genotype B and C are
also highly prevalent in Asia. Genotype E is only found
in Africa and genotype F in South and Central America.
Genotype H was recently identified in patients from

Central America [4]. Based on the serological heteroge-
neity of the HBsAg, HBV isolates can be classified into
four major subtypes, namely ayw, ayr, adw, and adr. The
determinants d, y, w, and r represent different epitopes
which are mutually exclusive. Based on the analysis of
subdeterminants within ayw/adw and adr, nine subtypes
of the virus have been proposed. These include aywl,
ayw2, ayw3, ayw4, ayr, adw2, adw4, adrq®, and adrq".
HBYV-Variants. In recent years an increasing number
of HBV mutants, found in all of the four HBV ORFs,
were described. Most of them seem to be silent without
changing the phenotype of the virus. However, some of
them have clinical relevance. Pre-core mutants which
were mentioned above, on the one hand abrogate the
synthesis of HBeAg but on the other hand show
enhanced pregenomic encapsulation and initiation of
DNA synthesis because the G to A mutation (transfor-
mation of codon 23 from TGG to a TAG stop codon)
also affects the binding stability [46]. In addition, the
pre-core mutant seems to be more prevalent in chronic
HBYV carriers without clinical, biochemical or histologi-
cal evidence of liver disease [45, 54]. Additionally, there
are also point mutations, short deletions and insertions
found within the core promoter region (nucleotides
1634-1782). A double mutation which converts nucle-
otide 1,765 from A to T and nucleotide 1,767 from G to
A is frequently found in the HBV genome. This double
mutation within the core removes a nuclear receptor
binding site in the core promoter, reduces precore gene
expression, and increases the viral replication rate [10].
Further important mutations referring treatment of HBV
by nucleoside or nucleotide analogues, are located within
the HBsAg between amino acid residues 100 and 160
and result in evasion of the host immune response [24].
Other mutations are described in association with
resistance to antiviral agents (DNA polymerase muta-
tions) and hepatocellular carcinogenesis (X mutants).
Interestingly, three cases of primary drug resistance were
described recently. In three treatment naive patients who
failed primary adefovir therapy a valine at position 233
of the reverse-transcriptase domain, instead of isoleucine
(rtI233V) as in the wild type virus, was detected. These
variants remained sensitive to tenofovir in vitro [76].

HBV-Replication Cycle
The 42nm hepatitis B virion is a complex, spherical,

double shelled particle that consists of an outer envelope
containing host-derived lipids and S gene polypeptides,
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the large (L), middle (M), and small (S) surface pro-
teins, also known as HBsAg. The virus uses the outer
envelope for the attachment and entry into the host cell,
although numerous potential cellular binding sites for
the three HB V-surface proteins have been described in
the past. However, none of them have been proven to be
a functional receptor (Fig. 63.7). Hepatocytes are known
to be the most effective cell type for replicating HBV,
but other human cell types have been found to be able to
support replication to a lesser degree. The fusion of viral
protein and cell membrane allows the release of the
inner core or nucleocapsid into the cytosol. The virus-
cell fusion seems to be triggered by a conservative
region in the N-terminus of its S-domain which includes

M-protein
S-protein ° L-protein
HBV-particle o AN ) '/
L] .
P-protein
[ 3 /

HBV-DNA

TP-domain 0

wmr Y
Capsid degradation &

.- ~

Seenam®

cccDNA
ooRNAL
NNANNNANN
ANANANN &
NN

S-, M-, L, and X-protein

Fig.63.7 Replication cycle of the HBV: After entry into the host
cell by enveloped virions, the nucleocapsid is released. Inside the
cytoplasm of the host cell, the nucleocapsid is degraded. Free
DNA is translocated into the nucleus where it is converted to
covalently-closed circular DNA (cccDNA). Transcription of
cccDNA by the host cellular polymerase II produces several
genomic and pregenomic RNAs. All of them contain 5’cap struc-

pregenomic RNA

a hydrophobic sequence [86]. The internalization and
the transport of the nucleocapsid to the nucleus is still
unclear but there are some studies that the sequence of
PLSSIFSRIGDP in the middle of preS2 confers the
property of cell permeability [29, 57].

The nucleocapsid, with a diameter of 27 nm, con-
tains the core protein (HBcAg), a 3.2kb circular, par-
tially double stranded viral DNA genome, and an
endogenous DNA polymerase attached to the 5’-termi-
nus of the negative-sense DNA strand. Inside the
nucleus, the viral polymerase is removed and converts
the partial double stranded DNA into a covalently
closed circle DNA (cccDNA). From the cccDNA sev-
eral genomic and pregenomic RNAs are transcribed
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tures and are 3’-terminally poly-adenylated and serve as template
for viral gene products. The pregenomic RNA and the P-protein
is encapsidated and inside the nucleocapsid the reverse transcrip-
tion into DNA takes place (for details see text). DNA containing
nucleocapsids are then either enveloped and released as infec-
tious HBV viruses, or the DNA is translocated into the nucleus
and a new round of HBV replication occurs
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by host cellular RNA polymerase II. All RNA-
intermediates contain 5’cap structures, are 3’-termi-
nally poly-adenylated, and serve as templates for viral
gene products. The mechanisms for the exportation of
pregenomic RNAs from the nucleus to the cell cyto-
plasm, where the translation of the different viral pro-
teins and the capsid assembly take place, are still
unclear. Inside the cytoplasm the pregenome and the

TP-domain

olymerase
/P Y|

__— RH-domain

P-protein are selectively packaged into progeny
capsids. The packaging process, which is poorly under-
stood, is triggered by the binding of the P-protein to a
special sequence within the pregenome, known as
epsilon or encapsidation signal, that forms a hairpin
structure. The pregenome serves as a template for the
HBV-DNA-negative-strand synthesis (Fig. 63.8). The
reverse transcription of the RNA-template starts within
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Fig. 63.8 HBV-DNA-synthesis: The pregenomic RNA serves
as template for the HBV-DNA-negative-strand synthesis. The
polymerase (polymerase, RNase H-domain and TP-domain)
binds to the 5’-terminus of the pregenome at a special structure,
called k-loop. The reverse transcription of the RNA-template
starts within a region called DR1 (1%) (at the motif 5> UUCA)
and is initiated by a protein priming mechanism using a tyrosine
located near the amino terminus of the reverse transcriptase
itself. After transcription of only four nucleotides, the poly-
merase switches to the DR1-region of the mRNA and the four

nucleotides base pair with the complementary sequences. The
pregenome is degraded by the viral RNaseH domain, except for
its capped 5’-terminal region including the DR1 sequence. The
remaining DR1 sequence serves as primer for the DNA-positive-
strand synthesis. The 5’-terminus translocates to a highly similar
sequence, termed DR2 (2). The completed HBV-DNA-negative-
strand contains a small redundancy, termed r. The growing
DNA-positive-strand is transferred from its 5’ r to the 3’ r of the
DNA-negative-strand, enabling further elongation to yield circu-
lar DNA
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a region called DR1 (motif 5° UUCA) and is initiated
by a protein priming mechanism using a tyrosine
located near the amino terminus of the reverse tran-
scriptase itself. After transcription of only four nucle-
otides the polymerase switches to the DR1-region of
the mRNA and the four nucleotides base pair with the
complementary sequences. The exact mechanisms of
polymerase translocation and triggering of DNA-
synthesis is still unknown. During the elongation of
the DNA-negative-strand towards its 5’-terminus, the
pregenome is simultaneously degraded by the viral
RNaseH domain, except for its capped 5’-terminal
region including the DR1 sequence. The remaining
DR1 sequence, which serves now as primer for the
DNA-positive-strand synthesis, translocates to a highly
similar sequence, termed DR2. The completed HB V-
DNA-negative-strand is a copy of the pregenome from
its 5’-terminus to the DRI region and it contains a
small redundancy, termed r. A last step towards forma-
tion of the initial HBV genome is the circularization of
the DNA-strand. The growing DNA-positive-strand is
transferred from its 5°r to the 3’r of the DNA-negative-
strand, enabling further elongation to yield circular
DNA. While inside the nucleocapsid the HBV-genome
is replicated, the capsid moves to the post-ER and pre-
Golgi membranes where the envelopment by the sur-
face proteins takes place. It is proposed that viral DNA
synthesis is associated with a structural change in the
capsid, allowing only mature capsids to be enveloped
and to finally be secreted [80]. Like typical membrane
proteins, the surface proteins are synthesized at the
endoplasmic reticulum and incorporated into the mem-
brane. Mature capsids move laterally along intracellu-
lar membranes to budding sites where subsequently
secretion into the blood occurs. Alternatively to the
budding process, retranslocation into the nucleus is
possible where a new round of HBV replication starts.

The efficiency of virus replication is quite high
and the virus production ranges from 5 x 10 to 1 x
10" virions per day. In spite of this high replication
rate the mutational rate is, with a range from 2 x 10~
to 3 x 107 point mutations per nucleotide per year,
relatively low.

Hepatitis BImmunology

In the early stage of HBV infection a broad-based cel-
lular immune response resulting in activation of the

natural killer (NK) cell-system has been demonstrated
to be one of the most important factors contributing to
virus clearance. Processing and presentation of viral
antigens by dendritic cells and macrophages lead to a
specific immune reaction. In this process the CD4
T-helper (Th) cells bind with their T-cell receptor to
viral antigens which are presented on the surface of
HLA-class Il molecules. The release of different cytok-
ines by proliferating Thl-cells (IL-2, IFN-y, TNF-a)
and Th2-cells (IL-4, IL-5 and IL-10) enhance the
immune response whereas the emphasis of Thl-cells
(cellular immune response) and Th2-cells (humoral
immune response) may have an important effect on the
further development of the HB V-infection. In addition,
cytotoxic CD8* T-cells are activated by HBV antigens
bound to HLA-class II molecules and induce apoptosis
or lysis of the infected cell. The humoral immune
response of the B-cell population is costimulated by
the T-cell response and directly by the circulating
HBV- antigens.

Immune Response of Acute and Reactivated
HBV Infection

During the course of infection, activated B-cells pro-
duce antibodies against the different HBV proteins
(HBsAg, HBeAg, HBcAg, P and X)) but only the anti-
bodies directed against the envelope proteins (L, M
and S) have the capability to neutralize the virus. IgM
antibodies which are detectable early during infec-
tion and indicate acute hepatitis B are directed against
the HBcAg. In addition, antibodies comprising
epitopes for the RNaseH-domain of the P-protein can
be found during an early stage of infection. Anti-
HBe-antibody production is associated with resolu-
tion of acute hepatitis B which is associated with a
dramatic decrease in virus replication. Finally, in the
vast majority of cases (>90%) neutralizing anti-HBs-
antibodies are produced which indicate spontaneous
resolution of HBV-infection. Clearance of the virus,
together with the production of anti-HBs antibodies,
is associated with protective immunity for a future
HBV infection. Some of the capsid antigens can
induce an effective HLA-class II restricted T-cell
immune response, which is often associated with HBs-
antigen seroconversion. However, a T-cell response
directed against the HBs-antigen is detectable at very
low levels.
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For viral clearance the HLA-class I restricted
CD8*-T-cell response directed against HBe/HBc-
antigens seems to play a major role. Thus, a spontane-
ous clearance of acute HBV infection is closely related
to an early and strong cytotoxic T-cell response. In
addition, an activation is observed. The epitopes which
are recognized by the cytotoxic T-cells are located in
highly conserved regions of the HBV-genome.
Therefore, it is unlikely that mutations in these regions
which lead to a lack of CD8*-T-cell response are a
plausible explanation for the development of chronic
HBYV infection.

Instead of a broad antibody response against the
different envelope proteins as observed in HBV infec-
tion, vaccination with recombinant vaccines induce an
immune response only directed against one epitope
within the small envelope proteins.

Immune Response in Chronic Hepatitis B

HBYV infection is defined as ‘“chronic” if the HBsAg is
detectable for more than 6 months. The importance of
T-cell response in virus clearance is underlined by the
observation that the development of persistent infection
is often associated with a defective cellular immune
response. Transmission of HBeAg from a pregnant HBV
carrier to the fetus in the majority of the cases is fol-
lowed by the development of chronic HBV infection
because HBeAg is recognized as an autoantigen in the
thymus of the fetus. In adult patients manifestation of
chronic infection is often combined with a lack of CD8*-
T-cell response. For HBV infection itself no cytopathic
effects are detectable, and the histological changes and
the grade of inflammation correlate with the extent of the
T-cell response. Before HBe/antiHBe seroconversion a
characteristic increase in the inflammatory activity can
be observed, which is combined with an increase of the
liver enzymes caused by an enhanced T-cell response.

Molecular Biology of Hepatitis D Virus

Hepatitis-delta virus (HDV) was first described in 1977
in patients with a complicated course of HBV infection.
In these patients a new protein was discovered, which
was thought to be a new HBV-encoded protein and

labeled as the delta antigen. Subsequent research indi-
cated that this antigen was derived from a new virus,
named HDYV, however, the envelope of HDV is com-
posed of HBV surface antigens. It is known that the
HBV surface antigens are part of the HDV envelope
and that they are necessary for productive infection.
Thus, HDV may be considered to be a satellite virus of
HBV. The HDV virion has a spherical structure of
approximately 36 nm in diameter and merely differs in
the composition of HBV L-, M- or S-proteins. HDV
uses the HBV envelope to enter the host cell but the
exact receptors are still unknown. The HBV envelope
harbors the nucleocapsid consisting of approximately
70 molecules of hepatitis D antigens (HDAg) and the
viral RNA genome. The nucleocapsid exists in two dif-
ferent forms, as 24 or 27 kDa capsids. The HDV genome
consists of a circular single-stranded RNA molecule of
approximately 1.7kb that displays a high degree of
internal base-pairing (approx. 70% of the genome) and
a high similarity to plant viroid RNAs (Fig. 63.9). The
genome encodes only the HDAg, which is a nuclear,
RNA-binding phosphoprotein and which is required for
virus replication.

Because HDV has no sequence homology with its
helper virus and because it also infects animals, being the
only animal virus with a circular RNA genome, it consti-
tutes a unique entity and is assigned to a separate genus,
called Deltaviridae. The evolution rate of HDV ranges
from approximately 2 x 107 to 7 x 10~ point mutations
per nucleotide per year. Multiple ORFs of different
length are present on the genomic and on the antigenomic
strand of HDV-RNA, but most of their potential gene
products have not been detected. The only ORF (ORF5)
located on the antigenome, that is preserved among all
known isolates, encodes the HDAg [48, 85]. The HDV-
RNA can be divided into two domains. One domain rep-
resented on both, the genomic and antigenomic RNA, is
related to other viroids and displays ribozyme activity.
This domain autocatalytically cleaves and ligates itself.
Additionally, it shows UV-induced crosslinking of two
uracil-nucleotides (U712 and U865) which is a common
feature observed in other viroids. The other domain,
which is the major part, is located on the antigenome and
includes the HDAg encoding ORF (Fig. 63.9).

Recently, a novel system for studying HDV genome
replication in cultured cell lines in the absence of HBV
was described by stable transfection of a cell line
(293-5Ag) with a complementary DNA of the HDV
sequence [14].
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Fig. 63.9 Schematic graphs of the HDV-RNA structure. The
circular HDVgenome (clockwise orientation) and the antige-
nome (counterclockwise orientation) are shown. The localiza-

Genotypes

Based on sequence homologies, the different HDV
isolates can be classified into three different genotypes.
Genotype 1 is found in all parts of the world and the
sequence homology within this genotype is more than
80%. Genotype 2 is predominantly present in Japan
and shares sequence homology of less than 80% with
genotype 1. Genotype 3 is mainly present in Peru and
Columbia. The sequence similarity is about 60-65%
compared to the other genotypes. Infection with HDV
genotype 1 might lead more often to the development
of liver cirrhosis and hepatocellular carcinoma but the
responsibility of sequence heterogeneity for the clini-
cal outcome is still unclear.

Hepatitis Delta Antigen

HDAg is a RNA-binding phosphoprotein and the major
component of the nucleocapsid. It is known to exist as
27kDa protein referred to as large (L)-HDAg, and as
24 kDa protein, termed small (S)-HDAg. Both proteins
have the same amino acid composition although they
are translated from two different mRNA-species. At

— 1638

— 1/1638

</

903/904 ‘ <«—— 27 kDa delta-antigen —————

| <4—— 24 kDa delta-antigen ——
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M

tion of the large and the small HDV-antigens on the antigenome
are indicated. Numbers represent nucleotide positions

the C-terminus of the L-HDAg 19 additional amino
acids may be found because some of the mRNAs are
altered at the amber termination codon (from TGA to
TGG) and therefore the ORF extends for the additional
amino acids. Interestingly, these mutations can be
induced by interferon-therapy.

Both proteins contain several structural domains:

One domain has a coiled-coiled structure with clas-
sical features of a leucin—zipper sequence, which is
important for the dimerization of both proteins to
form a nucleocapsid of approximately 70 delta-pro-
teins and a diameter of 19nm. A second important
domain encompasses the nuclear localization sequence
which is responsible for the transport of HDAg into
the nucleus. The third domain is the RNA-binding
domain which confers the ability to HDAg to bind to
RNA molecules. The C-terminal extension of the
L-HDAg encompasses an isoprenylation signal.
Isoprenylation of the C-terminus enables the L-HDAg
to interact with the HBV envelope proteins and it
might confer the ability to interact with the membrane.
In addition, the L-HDAg has been shown to be more
phosphorylated than the S-HDAg, but the phosphory-
lation sites are not yet determined. The L-HDAg is
only detectable in later stages of the infection cycle. It
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was shown to function as a dominant-negative inhibi-
tor of HDV replication.

Replication

After infection of the host cell via still unknown recep-
tors and entry mechanisms, the HDV-RNA is translo-
cated to the nucleus where RNA replication takes
place. The RNA is replicated by use of cellular tran-
scription machineries, and cellular RNA-dependent
RNA-polymerase II (RNA-Pol II) has been implicated
as the key enzyme for HDV-RNA replication. HDV-
RNA replicates, as known for plant viroids, by a “dou-
ble-rolling-circle” mechanism. In this model, the
circular negative sense RNA is used as template for
the synthesis of antigenomic RNA which is copied
multiple times. This RNA intermediate, consisting of
several HDV genomes, is self cleaved by HDV
ribozyme activity into monomeric RNA-strands which
are ligated to yield antigenomic, circular RNA. In a
second round of rolling circle the antigenomic RNA
serves as a template for the synthesis of genomic HDV-

Fig.63.10 (a-f) Replication
of HDV - the double rolling-
circle model of HDV-RNA
replication. The circular

RNA. The relative ratio of genomic and antigenomic
RNA is approximately 15:1 and each infected cell
contains approx. 300,000 copies of HDV-RNA [17].
The replication cycle is shown in Fig. 63.10.

Immunology

Basically, the immune response in HDV infection is
similar to that of HBV infection (see above). Various
IgG- and IgM-antibodies can be detected during
chronic HDV infection. A decreasing amount of [gM-
antibodies in the acute stage of infection is associated
with decreasing inflammatory activities and is often
an indication of virus clearance, while persistent
IgM-antibody levels are characteristics of a chronic
infection. However, the main criterion for acute HDV-
infection is the detection of HDV-RNA in serum sam-
ples. Caused by a not well-known interaction of the
HBYV replication and gene-expression, the HBV/HDV
co-infection typically leads to the suppression of
HBYV replication with often low or even undetectable
levels of HBV-RNA. Consequently, the HBV specific
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mRNA is suppressed and fewer HBV proteins are
synthesized. The severe damage to hepatocytes which
is often associated with HDV infection may refer to
the direct cytopathic effect observed for HDAg. In
chronic HBV carriers a specific T-cell response to
HDAg in the peripheral blood of individuals with
hepatitis delta is related to the decrease of HDV-
induced disease activity [56].

HBV and HDV

HDV infection occurs either as simultaneous co-infection
or as superinfection in HBV carriers but, despite its
helper function, HDV replicates independently from
HBV. Some clinical studies have shown that HDV co-
infection influences HBV progression. For chimpan-
zees itis shown that HDV infection leads to undetectable
HBV capsid proteins in liver tissue and decreasing
HBYV surface protein levels. In some patients HBeAg
and even HBsAg may become undetectable after HDV
superinfection. In addition, there is some evidence that
a co-infection with HDV may suppress molecular
markers of HBV infection. In clinical studies it has
been shown that the majority of patients with chronic
hepatitis B/D have detectable amounts of HBV-
antibodies but have undetectable or low HBV-RNA
concentrations. Even in liver tissue no significant
amounts of HBV-DNA were detectable. These find-
ings need to be confirmed by the use of currently avail-
able, more sensitive assays for HBV-DNA detection.

Molecular Biology of Hepatitis C Virus

Since the 1970s there was neither epidemiological
nor clinical doubt that additional hepatotropic viruses
beside hepatitis A and B existed (“Non-A-Non-B
hepatitis”). Numerous attempts to isolate the Non-A-
Non-B hepatitis pathogen with classical methods of
microbiology were not successful. Experimental data
indicated the existence of an RNA virus responsible
for an often chronically progressing post transfusion
hepatitis. Epidemiologically and clinically this Non-
A-Non-B hepatitis entity was differentiated from an
enterically transmissible, non chronic Non-A-Non-B
acute hepatitis, whose pathogen was already identi-
fied in 1980 and termed hepatitis E virus (HEV).

In 1988 isolation of the genome of the parenterally
transmissible hepatitis C virus succeeded due to the
use of extensive biomolecular techniques. Initially,
large amounts of plasma from a chimpanzee artificially
infected with the Non-A-Non-B hepatitis pathogen
were used for complete RNA extraction. After reverse
transcription of the entire RNA, a gene library from
cDNA sequences in lambda bacteriophages was estab-
lished and subsequently suitable proteins were
expressed in E. coli. Through the screening of more
than 1 million of these in vitro expressed proteins with
sera from patients with clinical and histological proven
chronic Non-A-Non-B hepatitis, one clone (5-1-1)
was finally found, which apparently expressed viral
nucleic acids. This clone was then used as a probe to
identify the complete HCV genome.

HCV is classified in the family Flaviviridae.
Recently a new genus, Hepaciviridae, was established
for HCV. Unlike other viruses of the Flaviviridae
(Dengue virus, yellow fever virus, Tick-borne enceph-
alitis virus), HCV is not transmitted through arthro-
pods and a chronic infection is established in the
majority of cases.

Genome Organisation

Hepatitis C virus (HCV) is an enveloped, approxi-
mately 9.6kb, positive-sense, single-stranded RNA
virus. After translation from a single large open read-
ing frame (ORF), the polyprotein precursor is cleaved
by viral and host peptidases (signal peptidases of the
endoplasmic reticulum), resulting in three structural
proteins, termed core (p21), envelope 1 (E1, gp31),
and envelope 2 (E2, gp70), a protein named p7, which
probably forms an ion channel, and six non-structural
(NS) proteins, termed NS2 (NS2-3 cysteine protease,
p23), NS3 (serine protease/helicase, p70), NS4A
(NS3 protease cofactor, p8), NS4B (transmembrane
anchor protein, p27), NS5A (replication factor, p58),
and NS5B (RNA-dependent RNA-polymerase, p68)
(Fig. 63.11). The F protein has been described as
being a result of a ribosomal frameshift of the core-
encoding genomic region [87]. There is a noncoding
region of 324 to 341 nucleotides at the 5’-non coding
end (5’NC) containing the internal ribosome entry
site (IRES) and a 3’-noncoding (3°’NC) region of vari-
able length. The 3’NC region is composed of three
sequence elements, a nonconserved highly variable
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Fig.63.11 (a,b) HCV

genome organisation. (a) Il
HCV genome composition
with structural and non-
structural genes. There are I
non-coding regions at the
5’end and at the 3’end as
well. The translated
structural and non-structural
proteins are displayed. (b)
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region (30—50 nucleotides), a poly(U ¢ C) tract of
variable length (20—200 nucleotides), and a highly
conserved 98 nucleotide sequence, designated the 3’
X region. The latter forms a three stem-loop structure
(SL1 - SL3). An RNA 5’-3’ end interaction for initia-
tion of RNA minus-strand synthesis and translation
stimulation is supposed for the HCV-RNA, even
though it lacks a cap structure at the 5° end and a
poly(A) tail at the 3’ end, which are typical for many
viral RNAs. This interaction can also play a role in
switching from RNA translation to negative-strand
RNA synthesis. However, the IRES-dependent trans-
lation in human hepatoma cell lines is strongly stimu-
lated by the 3’NC region.

HCV-Quasispecies

A hepatitis C infection in vivo is characterized by a
heterogeneous population of closely related isolates,
the so called quasispecies. The spectrum of quasispe-
cies can change during the normal course of the dis-
ease or during treatment. The variability of the virus is
due to a high replication rate and a lack of proofread-
ing activity of the RNA-dependent RNA-polymerase.
Selection of the isolates in vivo occurs as a result of the
replication competence of the viruses and through
immune selection of the host.
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Methodologically, the population of quasispecies
from an infected person is best displayed with the
hypervariable region 1 (amino acid position 1-27 of
E2) of the hepatitis C virus genome. Spontaneous reso-
lution of hepatitis C has been associated with a low
quasispecies complexity, whereas a chronic course
correlates with early genetic evolution of high qua-
sispecies heterogeneity during the acute phase of infec-
tion. Different studies have shown higher virologic
response rates to interferon-based HCV treatment in
patients with a small quasispecies heterogeneity com-
pared to patients with a high quasispecies diversity and
complexity. During antiviral therapy, certain isolates
appear to be interferon-sensitive while others are resis-
tant. Conventional cloning and sequencing of the iso-
lates of HCV-quasispecies is the gold standard but time
consuming and costly. An alternative method to ana-
lyze HCV-quasispecies is the electrophoretic separa-
tion of PCR products from the hypervariable region 1.
This so called single-stranded conformation polymor-
phism (SSCP) analysis enables differentiation of DNA
fragments with equal length due to sequence specific
conformations.

In addition to the investigation of the importance of
the HCV-quasispecies of hypervariable region 1 in cor-
relation to interferon-based treatment response, most
recently clonal analysis of the HCV-quasispecies was
used to characterize potential resistance mutations in
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patients undergoing direct antiviral therapies with HCV
protease and polymerase inhibitors. Detection of these
resistance mutations may be introduced in the routine
diagnostic workup after these new treatment options
are approved for standard treatment of hepatitis C.

Interferon-sensitivity Determining Region
in the NS5A Gene

Infection with hepatitis C virus genotype 1 is associated
with inferior virologic response rates to an IFN-a-based
treatment in comparison with HCV genotypes 2 and 3.
Sequence comparisons from Japanese interferon-sensi-
tive and -resistant HCV 1b isolates showed that amino
acid sequences between codon 2209 and 2248 of the
ORF within the non-structural (NS)-5A protein are
associated with treatment response. HCV-1b-isolates
with four or more mutations in this interferon-sensitivity
determining region (ISDR) named area, compared to
the HCV 1b prototype sequence, were sensitive to inter-
feron while the HCV 1b prototype isolates were resis-
tant to interferon. Isolates with one to three amino acid
changes showed a variable response to IFN-o. In addi-
tion, an inverse correlation between an increasing num-
ber of mutations within the ISDR and the HCV-RNA
concentration at baseline was observed. Subsequently,
the correlation of ISDR mutations with treatment
response was investigated from different groups in
Japan, Europe and the United States. Studies from Japan
generally were able to confirm the strong correlation
between ISDR mutations and treatment response.
Groups from Europe, and the U.S. initially were not
able to verify the importance of ISDR mutations for IFN
alfa sensitivity and it turned out in subsequent studies
that HCV 1b isolates with multiple mutations within the
ISDR are rare in Europe and the U.S. as compared with
those found in Japan. In further studies with larger
patient cohorts, as well as in a meta-analysis, the posi-
tive correlation of an increasing number of ISDR muta-
tions with sustained virologic response to IFN alfa-based
therapy could be confirmed. However, the functional
background for this correlation still is unknown.

Structural HCV Proteins

The amino-terminal one third of the polyprotein
encodes the HCV structural proteins. They are prote-
olytically cleaved through host signal peptidases to

obtain the highly basic core (C) protein and glycopro-
teins E1 and E2. The C protein is an approx. 21kDa
RNA-binding phosphoprotein needed for encapsida-
tion, which is localized near the endoplasmic reticu-
lum. The core protein is essential for expression of El
and E2. Recently, the new HCV F protein has been
described. Its expression results of a ribosomal frame-
shift within the capsid-encoding sequence. The func-
tion of the F protein is not yet known.

The envelope proteins E1 and E2 are 30 —35 and
70kDa glycoproteins forming a stable heterodimer. A
27 amino acid hyper variable region (HVR1) is located
at the amino-terminus of E2 and the HVR1 is assumed
to be important for establishment of chronic HCV infec-
tion. Despite the high level of amino acid variability in
HVRI1, there is an overall conservation of basic residues
that are important for viral entry [11]. Epitopes for spe-
cific binding of neutralizing antibodies were found
within the HVR1. Due to the lack of proofreading activ-
ity of the HCV RNA-dependent RNA-polymerase and a
continuous immunologic pressure, isolates with chang-
ing amino acid sequences within the HVR1 develop
during HCV infection. Antibodies directed against the
HVRI from previous HCV isolates cannot bind to sub-
sequently produced modified HVR1 sequences, result-
inginaselectionprocess whichistermedimmune-escape.
The hypothesis of immune selection is supported by the
finding of a lower HVRI1 variability in immune sup-
pressed patients with HCV infection than in immune
competent patients. Chimpanzees with cured HCV
infection could be re-infected with the same HCV iso-
late. However, in chimpanzees infected with a single
consensus HCV clone, no mutations within the HVR1
were detected within a 1 year follow-up period. Thus,
further mechanisms of persistence of HCV infection
have to be assumed. For both E1 and E2, hydrophobic
anchor domains are located at the carboxy-terminal end
of the proteins. These domains are important for inte-
gration in the membrane of the endoplasmic reticulum.
The 7kDa protein p7 is supposed to form an ion chan-
nel and is probably involved in several steps of virus
production [6].

Non-structural HCV Proteins

The NS2/3 junction is cleaved by the NS2 autoprotease
while all other non-structural proteins are processed by
the NS3/4A serine protease. The carboxy-terminal two
thirds of the hydrophobic 23 kDa NS2 protein contains
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the catalytic triad of a cysteine protease. These residues
are necessary for NS2/3 cleavage as well as for the
downstream expression of the NS3 serine protease
domain, although NS3—4A protease activity is dispens-
able for NS2/3 processing [44]. NS3 is a 70 kDa multi-
functional protein, with an N-terminal serine protease
domain and a C-terminal RNA helicase/NTPase
domain. The NS3 serine protease is involved in the
autocatalytic NS3/4A cleavage. For cleaving of
NS4A/B, NS4B/5A, and NS5A/B the NS3 protein has
to form a complex with the NS4A protein. NS4A is a
small protein of 54 amino acids and represents an
important cofactor for the NS3/4A protease. In addi-
tion, it is involved in phosphorylation of the NS5A pro-
tein. The integral membrane protein NS4B is involved
in the membranous web formation and has been pro-
posed to serve as a scaffold for replication complex
assembly. Several adaptive mutations for replication
efficiency in the replicon model have been mapped to
this protein, and NS4B has been found to encode a
GTPase activity that may be related to its membrane-
altering ability. NS5A is a mainly hydrophilic phospho-
protein. It can be detected in a phosphorylated (56kDa)
and a hyperphosphorylated (58 kDa) form. NS5A pos-
sesses an N-terminal amphipathic o-helix that mediates
membrane association. In addition, it is supposed to be
involved in protein—protein interactions required for
composition of a functional replication complex. This
helix is followed by three domains (I-IIT). Domain I
(N-terminal) coordinates a single zinc atom per protein
molecule. Its crystal structure has recently been
resolved, and reveals a novel protein fold, a zinc coor-
dination motif, and a dimerization interface. In addi-
tion, the ISDR within the NS5A protein was clinically
shown to be involved in sensitivity to interferon-based
antiviral therapy (see above). The cytoplasmic perinu-
clear located NS5B protein (68kDa) exhibits highly
conserved motifs which are typical for its function
as RNA-dependent RNA-polymerase. A non-HCV-
specific RNA polymerase activity was shown in vitro.

Genotypes and Subtypes

Up to now a minimum of eight HCV isolates were
sequenced completely and several other isolates were
sequenced partially. Due to sequence comparisons
worldwide, six HCV genotypes (type 1-6) with nucle-
otide sequence differences of more than 30% were dis-
tinguished. Inside these groups several subtypes can be

defined (subtype a, b, c, etc.). The homology of sub-
types is between 80-90%. Between isolates of the
HCV quasispecies in a given patient, amino acid
sequence differences of a maximum of approximately
10% are detectable.

In Europe the prevalent genotypes are HCV-1b,
HCV-1a, HCV-2b, and HCV-3a. HCV-1a is the main
genotype in the U.S. followed by HCV-1b, HCV-2a,
and HCV 3a. An obvious difference in the distribution
of HCV genotypes exists between Japan and Western
countries. In Japan the prevalence of HCV-1a is less
than 1 —2% and HCV-3 genotypes are rare as well,
with HCV-1b and HCV-2 dominating. Genotypes
HCV-5 and HCV-6 are detected mainly in South Africa
and Hong Kong, while HCV-4 appears in Egypt and
the Middle East. Co-infections with several HCV gen-
otypes and superinfections with heterologous HCV
genotypes are described especially in polytransfused,
hemophilic patients, and I'V drug abusers.

While there is no evidence of a different natural
course of HCV infection in patients infected with dif-
ferent subtypes or genotypes, diagnosis of hepatitis C
virus genotypes is important for predicting response to
antiviral therapy.

Replication Cycle

During replication of the hepatitis C virus the genomic
(+)-strand RNA is first transcribed to a (—)-strand RNA.
Based on this (—)-strand RNA several (+)-strand RNAs
can be retranscribed (Fig. 63.12). The replication takes
place in a membrane-associated complex derived from
the endoplasmic reticulum (ER) and has been desig-
nated “membranous web”. All HCV proteins are associ-
ated with this web-structure directly or indirectly. While
the major location of replication are the hepatocytes in
the liver, additional extrahepatic replication in B- and
T-lymphocytes was suspected. HCV entry in host cells
is a clathrin-dependent process which requires a low pH
compartment. The HCV envelope protein E2 binds the
tetraspanin CD81 which is expressed in hepatocytes and
B lymphocytes amongst others and CD81 was shown to
be an essential receptor for HCV entry. However, CD81
is present on multiple cell types which can not be
infected with HCV and so further receptors must be
involved in HCV entry. One of them is the low density
lipoprotein (LDL) receptor. The receptor binds to virus
associated LDL particles and mediates internalization.
This is a common process in the Flaviviridae family. A
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Fig. 63.12 Viral entry and

replication cycle of HCV Hepatitis C

virus
>

o

SR-B1

e

CD81

LDL/HDL

binding of the hepatitis C virus envelope glycoprotein
E2, independent from the virus isolate, is mediated by
the human scavenger receptor class B type I (SR-BI).
SR-BI enhances HCV entry in a high density lipopro-
tein (HDL) dependent manner [74]. Another HCV co-
receptor, which functions in a later step of entry, is the
integral membrane protein Claudin-1 (CLDN1) [21].
Two further members of the Claudin family, namely
CLDNG6 and CLDNO, function as additional co-receptors
for HCV [90]. They are expressed in liver and periph-
eral blood mononuclear cells (PBMCs) unlike CLDNI,
which is expressed only in liver (Fig. 63.12). Recently,
occludin was described as the last essential receptor for
HCYV entry. The transcription accuracy of the HCV poly-
merase is low and leads to a high variability of newly
generated HCV isolates (HCV quasispecies). The muta-
tion rate is approx. 2 x 107 mutations/nucleotide posi-
tion/year similar to other RNA viruses. Despite the high
genetic variability, functions of HCV proteins remain
stable. For proper function of the internal ribosome entry
site of the 5’NC region a high sequence identity is man-
datory, which most likely is ensured through negative
selection of dysfunctional isolates during replication.

Diagnostics of Hepatitis Viruses
Hepatitis A

Clinical routine diagnostics of HAV infection are based
on detection of anti-HAV-antibodies in serum samples.
Serological markers during the natural course of HAV
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infection are shown in Fig. 63.13. In addition, highly
sensitive detection of HAV-RNA by nucleic acid ampli-
fication methods (standard RT-PCR, real-time RT-PCR,
hybridization techniques) can be performed. Analysis
of faecal samples is possible by using electron micros-
copy, and antigen assays. However, while HAV anti-
gens are easily detectable during the incubation phase
of HAV-infection, detection rates are less than 50%
after clinical symptoms become apparent and HAV
virions are excreted in faeces. Diagnosis of HAV infec-
tion is reviewed in detail by Nainan et al. [55].

Anti-HAV-Antibodies and Nucleic Acid
Amplification

Detection of anti-HAV-IgM antibodies is used as the
primary marker of an acute infection. Resolved HAV-
infection is characterized by anti-HAV IgG antibodies
in the absence of IgM antibodies. In addition, after
successful vaccination anti-HAV IgG antibodies are
detectable which are directed against structural HAV
proteins expressed during vaccination. Antibody levels
after vaccination are typical significantly lower than
after resolved HAV infection. Assays for total anti-
HAV antibodies have a sensitivity of 10—201U/L.

Several commercial test systems from various com-
panies (Abbott, Roche Diagnostics, Organon, Technica,
Sorin) are available. A number of methods are used to
detect the virus-specific antibody classes (IgG, IgM),
including radioimmunoassay, immunochemical stain-
ing, enzyme-linked immunosorbent assay, immunob-
lotting, and dot blot immunogold filtration.
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Fig.63.13 Serological and
clinical progression of an
infection with HAV
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Nucleic acid detection assays are more sensitive
than immunoassays for viral antigens or antibody
detection systems. The virus can be detected by
Southern blotting, nucleic acid hybridization, reverse
transcription-PCR (RT-PCR) and antigen-capture
RT-PCR. More recently, a real-time RT-PCR assay
(TagMan assay) has been developed for the rapid
detection of all human HAV genotypes using highly
conserved sequences within the 5’YTP [35]. This
assay detects HAV in environmental, food, and clini-
cal samples with a sensitivity of 0.5 infectious units
per milliliter 1U/mL) of HAV and 40 copies of a syn-
thetic transcript.

Conclusion for HAV Diagnosis

For routine purposes HAV infection is diagnosed by
anti-HAV-antibodies (IgM and IgG) in serum sam-
ples. Presence of anti-HAV IgM antibodies indicate
acute HAV infection. Anti-HAV IgM antibodies are
detectable with the beginning of clinical symptoms of
acute hepatitis A. Antibody concentrations increase
during the first month of clinically overt hepatitis A
and may be detectable for a maximum of 1 year. In
rare cases persistent detection of (low level) anti-HAV
IgM antibodies have been reported. Anti-HAV-IgG-
antibody levels increase together with IgM-
concentration and in the majority of cases remain
detectable the whole life.

In patients with resolved HAV infection, and after
active or passive immunization, only anti-HAV IgG
antibodies are detectable. Before HAV vaccination is
performed, blood screening for total HAV antibodies is
recommended.

Assays for detection of HAV antigens and HAV-
RNA (radioimmunoassay, immunochemical staining,
enzyme-linked immunosorbent assay, electron micros-
copy, hybridization methods, RT-PCR) are not used for
routine diagnosis but are important for epidemiological
investigations of routes of infections during epidemics
and for detection of HAV in water and blood products

Hepatitis E

Diagnosis of HEV is possible by detection of HEV-
antibodies (IgA, IgM, and IgG) and viral RNA in
serum and fecal samples. In addition, electron micros-
copy is a possible tool to detect HEV. Currently only
the antibody-detection systems are relevant for routine
clinical purposes. In Fig. 63.14 the serological and
molecular patterns of HEV infection are illustrated.

Anti-HEV Antibodies and Nucleic Acid
Amplification

For routine diagnosis, HEV antibody detection sys-
tems like enzyme immunoassays, western blots or
indirect immunoassays are used. Recombinant or syn-
thesized HEV antigens with immune-dominant
epitopes derived from the structural proteins of two
isolates from Burma and Mexico are typically used in
these assays. In patients with acute HEV infection
these assays have a sensitivity of 90—95%. Anti-HEV
IgM antibodies become positive during the early
stage of clinical overt acute hepatitis E and after 1
year of infection are still detectable in approximately
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Fig.63.14 Progression of
HEV infection
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40% of patients. IgG antibodies become detectable
some days after the [gM antibodies during acute hepa-
titis E, and IgG antibodies remain detectable for many
years (47% after 14 years). The presence of HEV-IgG
antibodies either indicates acute or resolved HEV
infection. For epidemiological purposes the use of
highly sensitive assays is important because antibody-
concentrations may already be very low after some
months of infection.

The direct detection of HEV-RNA from serum and
fecal samples using a “nested-RT-PCR” system has
been shown to be highly sensitive. Detection of HEV-
RNA is possible during the incubation phase and
within the first days of clinically overt hepatitis E.
Direct detection of HEV by electron microscopy is
also only possible before clinical evidence of acute
hepatitis E and during the first days of icteric hepatitis.
A minimal concentration of at least 107 particles/mL is
necessary. Electron microscopy is not used for routine
diagnostics.

Conclusion for HEV Diagnosis

In western countries HEV infection typically is sus-
pected in patients with acute hepatitis and negative
markers for HAV, HBV/HDV, and HCV infection. In
addition, a history of traveling to endemic areas should
be sought. However, numerous cases of acute hepatitis
E have been reported without a travel history. Similar
to hepatitis A, diagnosis of acute hepatitis E is easily
confirmed by specific detection of anti-HEV-IgM anti-
bodies. Chronic courses of infections are unknown.
Positive test results for HEV-IgG antibodies indicate
either an acute or a resolved infection. In addition, the

presence of an ongoing HEV infection can be con-
firmed by HEV-RNA detection in serum samples.

Hepatitis B

Diagnosis of hepatitis B infection is based on serologi-
cal and molecular test systems. Over the last few years
the measurement of HBV-DNA levels has become the
most reliable method used for accurate diagnosis and
prognosis of acute and chronic HBV infection. The
recently introduced real-time PCR technique represents
the method of choice compared to previous, conven-
tional endpoint PCR due to a very sensitive quantifica-
tion of the viral load over a wide dynamic range.
Molecular-based methods are used to aid in the man-
agement of HBV infection, and are helpful for moni-
toring patients during therapy.

An infection with HBV should be excluded in all
patients with acute or chronic liver diseases, in particular
in patients with liver cirrhosis. Table 63.2 summarizes the
serological and molecular parameters used in HBV diag-
nosis. The serological features during different courses of
hepatitis B virus infection are shown in Fig. 63.15.

Serological Diagnosis of HBV

During the natural course of HBV infection antibodies
against different virus antigens are produced, i.e. HBc-,
HBe-, and HBs-antibodies. In addition to these sero-
logical markers used in clinical practice, there are some
antigens with their respective antibodies which have no
clinical relevance (e.g. preS1Ag/anti-preS1-antibodies,
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Table 63.2 Meaning of serological and molecular virus markers for HBV diagnosis

Anti-HBs
Anti-HBc-IgM
Anti-HBc-IgG
Anti-HBe

HBsAg
HBeAg

HBV-DNA (quantitative)
HBV-DNA (qualitative)

Resolved hepatitis B or successful vaccination

Acute or passed HBV infection; sometimes in acute episodes of chronic infection
Acute or past HBV infection, well established screening parameter for HBV

In wild type HBV infection: change between the high-replication stage to the low-level

replication stage of HBV infection

Early marker of acute HBV infection, indication for chronic infection. Screening parameter for

HBYV infection

Indirect parameter of high virus replication and high infectivity
Direct parameter of virus replication and infectivity
No use for diagnosis

Fig.63.15 a—c Serological
progression of the HBV
infection. (a) Acute HBV
infection with virus
clearance. (b) Chronic HBV
infection with seroconver-
sion from HBeAg to
antibody-production. (c)
Chronic HBV infection
without HBeAg
seroconversion

l
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preS2Ag/anti-preS2-antibodies, HBxAg/anti-HBx-
antibodies, and HBpolAg/anti-HBpol-antibodies).
During HBV infection the production of certain anti-
bodies indicates elimination of the respective antigens
from serum, an event dubbed ‘“‘seroconversion.” After
HBYV infection occurs, nearly all patients develop anti-
HBc-antibodies. HBc-antibodies may remain detect-
able over several years or decades after HBV infection
and are therefore used as a screening marker. For dis-
crimination between acute, resolved or chronic HBV
infection in anti-HBc-positive patients, analysis of addi-
tional parameters e.g. HBsAg, anti-HBs-antibodies,
HBeAg, and anti-HBe-antibodies should be performed.
Different forms of HBV progression and the presence
of HBV mutants often hamper serological diagnosis.

HBsAg and Anti-HBs-Antibodies

In acute HBV infection, surface antigens are detectable
several weeks after infection and its appearance coin-
cides with the onset of clinical symptoms. HBsAg is
incorporated into complete HBV particles as well as
into non-infectious particles. It can be found in almost
all body fluids. Hepatitis B surface antigens are a very
early serological marker of HBV infection. They are
already detectable in the incubation period of the infec-
tion. In only a few HBV infected patients surface anti-
gens remain undetectable, e.g. in patients with fulminant
hepatic failure and in HBs-antigen escape mutants. The
quantification of surface-protein-concentrations after 4
weeks of infection may allow for a prediction of HBV
progression. Chronic HBV infection is defined by the
persistence of HBs-antigens for more than 6 months.
Different immunological based systems (immune
diffusion, enzyme immunoassay, enzyme-linked immu-
nosorbent assay, radioimmunoassay) are available to
detect HBsAg. Commercially available assays are
highly sensitive and specific for surface antigens. The
test reproducibility is higher than 99%. At present,
monoclonal antibodies used in the different assays are
directed against different HBsAg-epitopes. In patients
with very high HBs-antigen serum concentrations
(above 100 ng/mL) the saturation of detector-antibodies
is a limitating factor in the exact quantification; also, the
specificity of some antibodies to the different HBV
genotypes may cause problems. In addition to the sim-
ple HBsAg detection, it is also possible to determine
HBV-stereotypes (adw, ayw, adr, ayr) which is only
important for epidemiological research and is not

Table 63.3 Anti-HBs titer: control and refreshing of vaccination

Anti-HBs Refreshing

< 10IE/L Immediately
< 1001E/L 3—6 months
< 1,000IE/L 1 year

< 10,0001E/L 3 years

> 10,000 1E/L 5 years

performed in routine clinical practice. The respective
test systems are based on serotype-specific monoclonal
antibodies. Commercial assays are not available.

The immune response against the hepatitis B sur-
face antigens is, due to the different forms of HBs-
antigens (preS1, preS2, S) and the presence of numerous
epitopes (a, d-y, w-r, etc.), highly heterogeneous.
During the initial course of HBV infection a subtype-
specific immunity is detectable which subsequently is
extended to other HBV subtypes. Anti-HBs antibody
response is an important parameter to distinguish
between ongoing and resolved infection as well as to
determine the success of vaccination (see Table 63.3).
Presence of anti-HBs-antibodies which are produced
typically 2—3 months after disappearance of HBs-
antigen, indicates spontaneous resolution. In patients
with past HBV infection anti-HBs-antibody titer can
fall below the assay’s limit of detection. Multiple dif-
ferent assays for detection of anti-HBs antibodies are
commercially available. Most of them have a detection
limit between 2 and 10 IU anti-HBs/L. False positive
results may be obtained in approx. 2% of cases.

PreS-Ag and Anti-PreS-Antibodies

During acute HBV infection, virus replication is asso-
ciated with expression of both preS-antigens, while
development of anti-preS antibodies is an early indica-
tor of viral clearance. During resolution of HBV infec-
tion, preS1Ag is eliminated initially, followed by the
preS2- and the S-Ag. Subsequently the respective anti-
bodies are produced in the same order. Measurement
of preS-Ag is clinically irrelevant while the detection
of anti-preS1 and anti-preS2 antibodies maybe useful
to narrow the diagnostic window between HBsAg
elimination and production of anti-HBs-antibodies.
Both preS antigens are detectable by monoclonal anti-
bodies. Anti-preS1 and anti-preS2 are recognized on
the basis of sequential epitopes by recombinant pep-
tides in immunoblot assays. Commercial assays for
anti-preS1 or anti-preS2 are not available.
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Anti-HBc-Antibodies

Detection of anti-HBc-antibodies is used as a screen-
ing parameter for HBV in blood-samples and body
fluids. Anti-HBc-antibodies are produced early after
HBYV infection and typically are lifelong persistent.
In addition, no anti-HBc-antibodies are produced
after hepatitis B vaccination. Rarely, especially in
immunosuppressed patients and in cases with assay-
specific escape mutations, no anti-HBc-antibodies
may be detectable. During acute infection, it is pos-
sible that due to a diagnostic window between HBsAg
elimination and anti-HBs-antibody production, anti-
HBc-antibodies but neither HBsAg nor anti-HBs-
antibodies are detectable. A similar situation with
anti-HBc as the only marker of hepatitis B is possible
many years after resolved HBV infection when HBs-
antigen is undetectable and anti-HBs titers fell below
the detection limit of the assay. Routine diagnostics
of numerous available anti-HBc detection assays is
based on immunological technologies using recom-
binant HBcAg.

Anti-HBc-IgM antibodies are already detectable in
the incubation period and maximum concentrations
typically are observed in the third week after infection.
Six months after HBV infection anti-HBc-IgM anti-
bodies become undetectable. In addition, anti-HBc-
IgM antibodies may be present during acute episodes
of chronic HBV infection. In asymptomatic HBV car-
riers typically no anti-HBc-IgM antibodies are detect-
able. Quantitative and qualitative measurement of
anti-HBc-IgM antibodies can be performed by several
enzyme immunoassays.

HBeAg and Anti-HBe-Antibodies

Detection of HBeAg usually is associated with high
HBV-DNA concentrations. Accordingly, seroconver-
sion from HBeAg to anti-HBe-antibody production
typically indicates a change from a high-replicative to
low-replicative HBV infection. However, due to a
number of HBe-antigen mutants (precore/core pro-
moter mutation), detection of anti-HBe-antibodies
cannot be used to determine low-replicative HBV
infection with low HBV-DNA levels. For monitoring
of the activity of HBV infection and response to antivi-
ral therapy, measurement of HBV-DNA concentration
represents the only reliable parameter. In patients with

HBeAg positive HBV infection, monitoring of HBeAg
and anti-HBe-antibody production nevertheless is an
important tool to determine durable response to antivi-
ral therapy. Several highly sensitive and specific quan-
titative and qualitative detection immunoassays for
HBe-Ag and anti-HBe-antibodies are commercially
available.

Molecular Diagnosis of HBV

HBV-DNA is a direct marker of viremia, hence of
potential infectivity. In addition, in the early stage of
infection the HBV-DNA can be observed two to four
weeks before HBsAg is detectable. Furthermore,
HBV-DNA is used to determine the activity of HBV
infection, to select patients for antiviral therapy, and
to monitor treatment response. Qualitative and quan-
titative detection of HBV-DNA in peripheral blood is
performed by signal amplification (‘branched DNA’
technology) or target amplification (including stan-
dard and real-time PCR as well as transcription-
mediated amplification [TMA]) based assays.
Commercial assays include semi-automated bDNA
signal amplification (Versant HBV-DNA 3.0 (bDNA)
former Bayer now Siemens Diagnostics), semi-auto-
mated quantitative PCR (Cobas Amplicor HBV
Monitor, Roche Diagnostics) and real time PCR
(Abbott RealTime HBYV test, Abbott; Artus HBV PCR
Kit, Qiagen and Cobas TagMan 48 HBV Assay, Roche
Diagnostics). Real-time PCR technology schemati-
cally is shown in Fig. 63.22 and is explained in detail
below. The real-time PCR technology represents the
reliable method for HBV-DNA measurement com-
pared to previous, conventional endpoint PCR due to
a very sensitive quantification of the viral load over a
wide dynamic range.

Qualitative HBV-PCR

Qualitative PCR is a highly sensitive method to detect
HBV-DNA without determination of HBV-DNA viral
load (Fig. 63.16). The assay basically consists of three
main steps: (i) sample preparation (ii) target amplifica-
tion and (iii) detection. Sample preparation involves
detergent lysis of the virus followed by the hybridiza-
tion of the free viral nucleic acid with capture oligonu-
cleotides complementary to highly conserved regions
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Fig. 63.16 Diagram of a qualitative polymerase-chain reaction
(PCR). The three major steps of a PCR consist of denaturation,
annealing and extension. In the denaturation step single stranded
DNA is generated by melting the DNA double-strand with high
temperatures up to 96°C. In the annealing step two short oligo-
nucleotides (primer) which are complement to the 3’- and
5’-terminus of the target gene bind with high affinity to the
nucleotide sequence. The extension step is performed by a heat
resistance DNA-polymerase. By adding desoxynucleotidtri-
phoshates (ANTPs) the bases (complementary to the template)
are coupled to the primer on the 3’ side of each nascent strand.
Because both strands are copied during PCR, the number of cop-
ies per cycle of the target gene increases exponentially. For RNA

of the HBV genome. Positive results by qualitative
HBV-DNA PCR may be obtained in almost all HBsAg-
carriers as well as in 5—10% of patients with resolved
infection. Differentiation between HBV infection with
high- and low-level replication, is impossible by quali-
tative HBV-DNA assays.

Quantitative Methods for HBV-DNA Measurement

Several assays for quantitative measurement of HBV-
DNA have been developed. However, until recently
results of the different assays (pg/mL, copies/mL,
genome equivalents/mL) were not directly comparable
due to the lack of adjustment to an international HBV-
DNA standard and differences in the dynamic ranges
of the assays.

Detection of amplification
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amplification it is necessary to convert the RNA to complemen-
tary DNA (cDNA) in a one-step process using dNTPs and the
enzyme reverse transcriptase. After PCR, the amplified DNA
can be detected by several methods, e.g. electrophoretic DNA
separation and staining with ethidiumbromide or detection using
enzyme-labeled-synthetic oligonucleotides and chemilumines-
cent substrates that result in a detectable light emission. Here,
the primers are labeled with biotin which is detected by avidin
conjugated horseradish peroxidase (AV-HRP). The analysis is
based on the oxidation of the chromogenic substrate
3,5,3’,5 -tetramethylbenzidine (TMB) by the AV-HRP which
results in an intermediate compound with an absorbance maxi-
mum at a wavelength of 450 nm

Cobas Amplicor™ HBV-Monitor

The first standardized commercially available and
CE-marked test system, based on quantitative PCR
was the Cobas Amplicor™ HBV Monitor assay
(CAHBM, Roche Diagnostics). This assay is calibrated
to international units (IU/mL) on the basis of the first
WHO HBYV international standard code 79/796. The
CAHBM assay encompasses the co-amplification of
HBYV template together with an internal standard (QS)
added at known concentrations during the nucleic acid
extraction step. Detection of the template is performed
in a subsequent enzyme-linked immunosorbent assay
(Fig. 63.17). The system involves a manual DNA
extraction. The assay has a sensitivity of approx. 741U/
mL (200 copies/mL) with alinear range up to 38,000 IU/
mL (200,000 copies/mL).



Diagnostics of Hepatitis Viruses

697

Fig.63.17 Quantitative PCR
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Branched HBV-DNA (bDNA) Assay

The bDNA assay (Versant HBV-DNA 3.0 Assay,
Siemens Diagnostics) is based on a signal amplifica-
tion technology (Fig. 63.18). The branched DNA-
complex is generated by a sandwich nucleic acid

target
oligonucleotides

__linker

% %HBV DNA

capture
oligonucleotides

Fig. 63.18 The Versant HBV-DNA 3.0 (bDNA) technology.
The bDNA-complex is generated by a sandwich nucleic acid
procedure. The negative-sense DNA strand binds to immobilized
capture-oligonucleotides. The oligonucleotides are complement
to a 3’-region of the HBs-gene. In a second step, several target-
oligonucleotides bind to the HBV-DNA strand. In a last step
multiple copies of an alkaline phosphatase (AP)-labeled probe
are then hybridized to the immobilized complex. Detection is
achieved by incubating the alkaline phosphatase-bound complex
with a chemiluminescent substrate. Light emission is directly
related to the amount of HBV-DNA in each sample
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procedure. After lysis of the HBV virions and release
of nucleic acids the negative-sense HBV-DNA strand
binds to immobilized capture-oligonucleotides. The
oligonucleotides bind to conserved DNA regions
throughout the entire HBV genome. In a second step,
several target-oligonucleotides bind to the free ends of
HBV-DNA strands. Finally, multiple copies of an alka-
line phosphatase-labeled probe are hybridized to the
immobilized complex. Detection is achieved by incu-
bating the alkaline phosphatase-bound complex with a
chemiluminescent substrate. Light emission directly is
related to the amount of HBV-DNA in each sample.
The HBV bDNA assay is highly specific, however, the
assay has a limited sensitivity with a limit of detection
of 3571U/mL (2,000 copies/mL). The upper limit of
detection is 18 x 10° IU/mL (1 x 10® copies/mL). The
linear range for HBV-DNA quantification is from
3571U/mL to 18 x 10° IU/mL.

Real Time PCR: Cobas Ampliprep/Cobas TagMan
Assay

HBV-DNA extraction from plasma-samples is per-
formed fully automated using the Cobas Ampliprep
instrument and the quantification of DNA is performed
by real time PCR using the Cobas TagMan. Recently,
an evaluation of this CE-labeled assay showed a nearly
7 log ITU/mL dynamic range up to 1.1 x 10® IU/mL, an
assay sensitivity (95% hit-rate) of 4—121U/mL and an
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equivalent detection of genotypes A-G including a
prevalent pre-core mutant [2, 31]. The manufacturers
of new diagnostic molecular assays use the interna-
tional standard for quantitation of HBV-DNA.
Therefore, the results obtained by the new Cobas
Ampliprep/Cobas TagMan Assay are solely expressed
as international units of HBV-DNA per milliliter.

Real Time PCR: Abbott RealTime HBV Assay

In 2007 a further real time based assay, called Abbott
RealTime HBV test (North Chicago, IL, USA), for
monitoring HBV viral load in patients was approved
with the CE label in Europe. The Abbott RealTime
HBYV test, developed for use on the Abbott m2000™
automated instrument system, is designed for the quan-
titation of HBV in human plasma or serum from patients
known to be infected with the virus and is suitable to
measuring all known HBV genotypes A - H. The quanti-
tation of mutations within the polymerase, the precore/
core are not yet included. The sensitivity of the assay is
101U/mL with up to 8.5 log IU/mL linear range.

Real Time PCR: Artus HBV PCR Kit

The artus HBV PCR Kit (CE labeled) constitutes a
ready-to-use system for the detection of HBV-DNA by
real time PCR. For detection, different instruments are
available: (i) the LightCycler® 1.1/1.2/1.5/2.0 (artus
HBYV LC PCR KIT), (ii) the artus 3000™ or Rotor Gene™
3000 (artus HBV RG PCR KIT) or, the (iii) ABI Prism®
(artus HBV TM PCR KIT). The artus HBV Kit contains
reagents and enzymes for the specific amplification of a
134 bp region of the HBV genome and for the direct
detection of the specific amplicon with the different
instruments. The test is suitable to detect all known
HBYV genotypes A-H with high sensitivity. The sensi-
tivity of the kit depends on the DNA purification method
and the analytical instrument used for detection. The
linear range of the assay performed with the Rotor
Gene™ 3000 is 0.02TU/uL to 1 x 108 TU/uL.

Conclusion for HBV Diagnosis
Acute HBV Infection
The most important serological marker for acute HBV

infection is the presence of anti-HBc-IgM antibodies.
Anti-HBc-IgM antibodies are produced by all patients

with acute hepatitis B and are already detectable during
the incubation period of infection. In patients with ful-
minant acute hepatitis B, anti-HBc-antibodies may be
the only serological marker. Usually, anti-HBc-IgM
antibodies become undetectable 6 months after HBV
infection. HBeAg typically appears together with the
first clinical symptoms and intra-individually a good
correlation with the HBV-DNA concentration is
observed. HBsAg also appears during the incubation
period and together with anti-HBc-IgM antibodies rep-
resents a marker of an early-stage of infection. In con-
trast to HBeAg, HBs-antigens are detectable throughout
the entire course of ongoing hepatitis B and only disap-
pear together with resolution of HBV infection. The
period between the disappearance of the hepatitis B sur-
face antigens and the production of the respective anti-
bodies (anti-HBs) is called the diagnostic window. With
the exception of rare mutants which may lead to the pro-
duction of HBsAg and anti-HBs-antibodies at the same
time, the detection of surface antibodies is a reliable
marker for spontaneous resolution of HBV infection.

Chronic HBV Infection

Definition of chronic HBV infection is based on the
detection of HBs-antigen for more than 6 months. Thus,
HBsAg is a useful screening parameter for diagnosis of
chronic hepatitis B. However, the presence of HBs-
antigen alone is insufficient to predict the progression
of HBV infection. For differentiation of highly active
and low active chronic hepatitis B, quantification of
HBV-DNA needs to be performed (Table 63.4). In
patients with highly replicative chronic hepatitis B,
alanineaminotransferase activity is increased and
inflammation in liver histology can be observed. In
highly replicative wild type HBV infection HBeAg is
detectable while anti-HBe-antibodies are negative. A
seroconversion from HBeAg to anti-HBe-antibodies is
associated with a decrease of HBV-DNA concentrations
from a high to low replication level. However, a signifi-
cant number of patients are infected with HBe-antigen
negative HBV-precore/core promotor-mutants. These
mutants are associated with high HBV-DNA levels and
elevated liver enzymes. Many of these mutants bear a
stop-codon in the precore region blocking the synthesis
of HBeAg. Initially these mutants were considered to
be limited to the Mediterranean area but epidemiologi-
cal studies have shown an increasing presence of these
mutants also in northern European countries [37].
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Table 63.4 Different forms of chronic HBV infection
DNA (PCR) DNA

HBV HBV
(qualitative)  quantitative
(virus

Serology
HBsAg HBeAg

Transaminases Histology Therapy indication

copies/mL)

Low-replication  + < 10* + —
Level
+C
High-replica- + > 10* + -
tion level
+/-¢

Normal, Normal, minimal —b
sometimes inflammatory
marginal
or slightly
increased

increased Inflammatory +

activity, fibrosis
Inflammatory
activity, fibrosis
normal Low activity 2

“The decision to start antiviral therapy should be made predominantly by considering the clinical presentation, the transaminase
levels and the histological changes. Treatment may be also indicated in patients with low viral load (<10* virus copies/mL)
"Routine surveillance necessary; in case that the transaminase activity and viral load increases, a therapy indication should be

reconsidered
‘Wild type
YHBeAg-negative mutant

‘In immune tolerant patients with HBV infection, high HBV-DNA titer are present, while the transaminase activity is normal.
Perinatally infected patients often develop an immune tolerant form of hepatitis B. After weeks or even years the infection can

switch to a high-level replication

In patients with low replicative wild type HBV
infection usually HBeAg is undetectable, aminotrans-
aminase levels are normal, and no significant inflam-
matory activities are detected in the liver. Recently, in
a large prospective study a positive correlation was
detected between probability of development of liver
cirrhosis as well as hepatocellular carcinoma and
HBV-DNA concentration [15, 33]. On the basis of this
study the cut off between high- and low-replicative
chronic hepatitis B was determined at approximately
10,000 copies/mL (2,000 IU/mL). In all patients with a
viral load above 10,000 copies/mL treatment indica-
tion should be evaluated on the basis of liver enzymes,
histologic inflammation and fibrosis score as well as
extrahepatic manifestions of hepatitis B and risk
for development of hepatocellular carcinoma [18].
Additionally, in patients with advanced liver fibrosis or
cirrhosis and detectable HBV-DNA irrespective of the
viral load, antiviral therapy should be initiated.

The primary aim of antiviral therapy in HBe-Ag pos-
itive chronic hepatitis B is to achieve a seroconversion
from HBeAg to the development of anti-HBeAg anti-
bodies, which typically is associated with long term low
HBV-DNA levels even after treatment discontinuation.
In patients with HBe-Ag negative highly replicative
chronic hepatitis B long term treatment for continuous
control of HBV-DNA replication is typically needed.

Hepatitis D

HDV infection depends on the presence of HBV infec-
tion. Thus, detectable HBsAg is necessary for diagno-
sis of hepatitis D. Fig. 63.19 shows the different
serological pattern of HBV/HDV co- and super-infec-
tion. Clinically, diagnosis of HDV infection is per-
formed by the detection of anti-HD antibodies, which
in the majority of cases indicate active hepatitis delta
infection. However, for proof of replicative HDV infec-
tion and accurate monitoring of efficacy and outcome
of antiviral therapy, measurement of HDV-RNA by
different molecular techniques, such as HDV-RNA
hybridization and RT-PCR, is required.

Hepatitis Delta Serology

For detection of total HDV-antibodies (IgG, IgM, IgA)
as a screening for acute, chronic or past HDV infection
several immunoassays are commercially available.
These assays rely on the binding of anti-HDV antibod-
ies to fixed hepatitis delta-antigen. With several tests a
simultaneous detection of anti-HDV antibodies and
hepatitis delta antigen is possible. However, these
assays have a limited sensitivity.
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Fig. 63.19 (a—d) Serological and clinical progression of HDV
infection (a) and HBV/HDV coinfection (b). In most cases a coin-
fection can be cleared. The HDVAg is undetectable (a) or detectable
(b) in the serum. In HBV/HDV coinfection, the serum ALT concen-
tration often shows a biphasic progression. (¢, d) Superinfection of

Anti-HDV-IgM antibodies are detectable in almost
all patients with active HDV infections (co-, or super-
infection). Concentrations of anti-HD-IgM antibodies
correlate with hepatitis delta antigen expression-levels
and with the inflammatory activity observed in liver
tissue. Due to the low level replication of hepatitis
delta in patients with HBV-HDV co-infection, typi-
cally only low concentrations of anti-HDV-IgM anti-
bodies are detectable, which decrease rapidly after
spontaneous resolution. In self-limiting HBV/HDV
co-infections anti-HDV-IgM antibodies frequently
represent the only marker of infection. Anti-HDV-IgM
antibodies are detectable by immunoenzyme assays
which are commercially available.

In patients with HDV superinfection, anti-HBcAg
IgM antibodies are typically negative, whereas, anti-
HD-IgM antibodies and/or serum HDV-Ag are present
during the acute phase followed by high titers of anti-
HDV-IgG antibodies, persistent HDV-RNA and intra-
hepatic hepatitis delta antigen.

an HBsAg carrier with HDV. The superinfection can be cleared (c)
or can develop to a chronic infection (d). The gray shadow of the
HBsAg bar represents the serum concentration of HBsAg whereas
light gray represents high concentration. ALT Alanine amino-
transferase (Modified from Zakim and Boyer 1996)

For direct detection of the HDV-Ag several immu-
noassays are commercially available. The antigen
detection in serum samples is hindered by the fact that
the nucleocapsid is encapsidated into the HBV enve-
lope and has to be released prior to detection. In addi-
tion, circulation of hepatitis delta virus is only
detectable for approximately 2 weeks (if at all); during
the development of anti-HDV-antibodies, HDV anti-
gen becomes undetectable. Serum HDV-Ag determi-
nation by immunoblot is a specific and sensitive test
that is reactive in more than 70% of patients with
chronic hepatitis delta. The assay, however, is techni-
cally difficult, time-consuming, and cannot be used for
the routine detection of HDV-Ag.

Molecular Diagnosis of Hepatitis Delta

RT-PCR based on TagMan technology is currently the
most sensitive assay for detecting HDV viremia and
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the state of the art method for monitoring viral load in
HDV patients during interferon alfa therapy [41].
Furthermore, a preliminary study which indicates that
PEG-IFN alfa is safe and efficient for treatment of
chronic HDV is also based on RT-PCR measurements
[13].

Morphological HDV Diagnosis

Hepatitis delta antigen primarily is expressed in the
nuclei of hepatocytes and is rarely detectable in serum
samples. Hepatitis delta antigen is the first marker of
HDV replication and is observed in the liver of patients
with co- and super-infection after 4—20 and 3 -6 weeks,
respectively. In addition, HDV-RNA is detectable in
liver tissue by RT-PCR or hybridization techniques.

Conclusion for HDV Diagnosis

Serological or molecular-based diagnosis of hepatitis
delta is indicated in all patients positive for HBsAg. In
addition, patients with fulminant or acute hepatitis
should be screened for HDV-infection. The first marker
of HDV infection is the expression of the hepatitis
delta antigen in liver tissue. During the incubation
period, hepatitis delta virions are released into the
bloodstream. In serum samples initially anti-HDV-
IgM- and subsequently — IgG-antibodies are detect-
able. Diagnosis of hepatitis delta relies on the detection
of anti-HDV-antibodies. In addition, it is also possible
to measure HDV-Ag or HDV-RNA concentration.

For differentiation of acute and chronic HDV infec-
tion IgG and IgM antibody response levels are used. In
acute HDV infection predominantly anti-HDV-IgM-
antibodies are observed, while in patients with chronic
infection both anti-IgM- and anti-IgG-antibodies are
present. The antibody-response largely varies from
patient to patient (see Fig. 63.19). HBV-HDV co-
infected patients have only transient and low HDV-
specific antibodies. In patients with HDV superinfection
anti-HDV-IgM-antibodies and/or serum hepatitis delta
antigen are high during the acute phase followed by
high titers of IgG, persistent HDV-RNA and intrahe-
patic HDV-Ag. For optimized monitoring and determi-
nation of outcome of antiviral therapy measurement of
HDV-RNA is required. However, HDV-RNA RT-PCR
is not yet widely available in clinical practice.

Hepatitis C

Hepatitis-C-virus (HCV-) diagnostics should be per-
formed in all patients with increased aminotransferase
levels and in patients with chronic liver disease or liver
cirrhosis of unknown aetiology, particularly if trans-
mission risks (e.g. administration of blood or blood
products, intravenous or nasal drug abuse, tattoos,
piercing, needle stick injuries etc.) are present. Chronic
hepatitis C virus infection typically is associated with
non-specific symptoms such as fatigue and intermit-
tent right upper abdomen pain which rarely directly
lead to diagnosis of HC V-infection.

In case of suspicion of chronic hepatitis C, screen-
ing is performed by anti-HCV-antibody testing
(Table 63.5). Current 2" and 3™ generation HCV anti-
body tests very rarely produce false-positive or false-
negative results. For confirmation of ongoing HCV
infection in patients with positive anti-HCV antibodies
HCV-RNA testing is required. Assays for detection of
HCV core antigens have been developed but are asso-
ciated with a limited sensitivity. Determination of
HCV-genotype and quantitative measurement of serum
HCV-RNA concentrations before and during antiviral
therapy is useful to predict outcome and to determine
duration of therapy.

In patients with suspected acute hepatitis C analysis
of HCV-RNA should be performed, because anti-
HCV-antibodies in many cases are not detectable until
several weeks after infection. Anti-HCV-IgM tests
cannot narrow this diagnostic window considerably.
HCV-RNA detection by RT-PCR or TMA are highly
sensitive procedures, which in all cases become posi-
tive within the first 2 weeks after HCV transmission.

Table 63.5 Comparison of serological and molecular tests for
diagnostics of hepatitis C

Anti-HCV HCV-RNA

Detection of acute approx. after within the 1*
infections 4-6 weeks week

Differentiation cured/ +/— +
chronic infection

Diagnostics in immuno- +/— +
incompetent patients

Diagnostics in newborns +/— +

Reinfection after organ - +
transplantation

Virus quantification — +

Organ specific detection - +
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Fig.63.20 Course of a chronic HCV infection. The first marker
of HCV infection is detectable HCV-RNA in the serum, followed
by an increase of alanine aminotransferases (ALT) and detect-
able HCV antibodies. Antibodies against epitopes of different
HCYV regions typically occur at different times during the infec-
tion. The first occurring antibody is C22, the second one is C33,
and then as third antibody C100 is detectable

Serological and molecular characteristics of HCV-
infection are shown in Fig. 63.20.

Serological HCV Diagnostics
Enzyme Immunoassays (IgG and IgM)

Enzyme immunoassays (EIA) of the first generation
detected serum antibodies directed against epitopes of
a non-structural protein in the NS4 gene (C100). Test
systems of the first generation had a sensitivity of
approximately 70 — 80% and especially in patients with
high immunoglobulin levels, they often showed false-
positive results. EIAs of the second generation detect
antibodies directed against structural proteins (core-
antigen, C22) and non-structural proteins of the NS3
and NS4 region (C33, C100). With these assays more
than 95% of HC V-infected patients were tested positive
and they are more specific than tests of the first genera-
tion. Furthermore, in cases of acute infection they turn
out to be positive several weeks earlier. Antibody tests
of the third generation were complemented with
recombinant proteins of the NS5-region. However, the
improved sensitivity of the EIAs of the third genera-
tion is instead due to a higher reactivity of the NS3-
antigen. The implementation of the NS5-antigen could
even increase the number of false-positive results.

Anti-HCV-antibodies have been detected in saliva and
urine as well. Several commercial assays are available
(e.g. Ortho Diagnostic Systems, Sanofi Diagnostics
Pasteur, Abbott).

With EIAs of the third generation HCV antibodies
can be detected approx. 6 weeks after transmission of
the virus compared with approx. 10 weeks with tests of
the second and approx. 16 weeks with tests of the first
generation. The diagnostic window between HCV
infection and positive HCV antibodies can be nar-
rowed by detection of HCV-specific [gM-antibodies in
only a few cases. Not all patients with an acute HCV
infection develop anti-HCV-IgM-antibodies. In addi-
tion, anti-HCV-IgM-antibodies may be present in
patients with acute HCV infection as well as intermit-
tently during chronic hepatitis C.

Anti-HCV-IgG-antibodies normally persist in chron-
ically infected patients. Exceptions were described for
HIV-positive patients with chronic hepatitis C. After
clearance of HCV infection, anti-HCV-IgG-antibodies
are still detectable but may fall below the assays’ limit
of detection after many years.

Confirmation Tests

To affirm positive EIA results, several immunoblot
techniques with different membrane associated recom-
binant HCV proteins are available (so called RIBA-
[recombinant immunoblot assay-] systems, Ortho/
Chiron; Matrix HCV, Abbott; INNO-LIA™-HCV Ab
III, Innogenetics). However, these assays are rarely
routinely required and confirmation of ongoing HCV
infection is best performed by direct detection of HCV-
specific RNA with reverse transcription and poly-
merase chain reaction (RT-PCR), transcription
mediated amplification (TMA) or signal amplification
methods.

Immunoblots are based on a modification of the
EIA. Anti-HCV-antibodies bind recombinant hepatitis-
C-virus proteins to build an antigen-antibody-complex.
After a washing step for unbound antibodies the
human-IgG can be detected immunoenzymatically. In
20% of cases of blood donors with a positive anti-
HCV-EIA but negative or ambiguous immunoblot
result, HCV-RNA isdetected by RT-PCR. Consequently,
these confirmation tests are only useful in populations
with low HCV prevalence, but for clinical practice in
patients with liver diseases they are dispensable.
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Molecular Based HCV Detection Methods

Present recommendations for the management of inter-
feron-alfa based treatment in patients with chronic HCV
infection are based on HCV-RNA measurements before,
during, and after antiviral therapy. Currently, this treat-
ment leads to sustained virologic response with negative
HCV-RNA in serum 24 weeks after the end of therapy in
54 —56% of the patients. To improve therapy outcome,
future developments are aiming for individualization of
treatment duration on the basis of HCV genotype as well
as HCV-RNA quantification at baseline and early during
therapy. Both HCV genotype and pretreatment hepatitis
C viremia were consistently identified as predictive fac-
tors for the outcome of therapy in multivariate analyses.
Changes in HCV-RNA serum concentrations during the
early phase of interferon-based therapy have been ana-
lyzed by complex models of viral kinetics and applied to
the prediction of treatment outcomes. Approximately
1 —2 days after the first drug application, inhibition of
virus release and intracellular virus production results in
first phase rapid HCV-RNA reduction which is followed
by a flatter second phase decline [62]. For management
of current PEG-IFN/ribavirin based standard treatment
HCV-RNA measurements at week 4, 12, and 24 are
used. In patients with a decline of less than 2 log HCV-
RNA TU/mL after 12 weeks or detectable HCV-RNA
concentrations at week 24 therapy is discontinued due to
a minimal chance of achieving a sustained virologic
response (1 —2%). In subgroups of patients with low
baseline viremia (<400,000 — 800,000 IU/mL) and rapid
virologic response (HCV-RNA undetectable/< 501U/
mL) after 4 weeks, treatment duration can be shortened
to 16 (genotype 2, 3) or 24 weeks (genotype 1).

Several qualitative and quantitative commercial stan-
dardized systems for measuring HCV-RNA concentra-
tion in blood samples are available (see below) which
differ in analytical sensitivities and dynamic ranges.
The different available assays are based on amplifica-
tion methods like target (reverse transcription [RT]-
PCR and transcription- mediated amplification [TMA])
or signal amplification techniques (branched DNA
[bDNA]). A major disadvantage of the assays based on
conventional PCR methods is a limited linear range
with the need to dilute those samples which are above
the upper limit of detection. This time-consuming limi-
tation has been resolved by introduction of molecular
assays based on real-time PCR technology. Recently,
two highly sensitive real-time PCR based assays for

Table 63.6 Qualitative test systems for HCV RNA detection

Name of the Distributor Marked status

assay

Technology

Amplicor™  Roche PCR FDA, CE
HCV 2.0 Molecular
Systems
Versant™ Siemens TMA FDA, CE
HCV

Table 63.7 Quantitative test systems for HCV RNA detection
Distributor

Name of the Technology Marked

assay status
Amplicor™ HCV  Roche PCR CE
Monitor 2.0 Molecular
Systems
HCV- National PCR /
SuperQuant™ Genetics
Institute
Versant™ Siemens bDNA FDA, CE
HCV-RNA
3.0
COBAS Roche Realtime FDA, CE
Ampliprep/ Molecular PCR
COBAS Systems
TagMan
Abbott Abbott Realtime GF!
RealTime Diagnostics PCR
HCV

HCV RNA quantification (COBAS TagMan™, Roche
Molecular Systems, Pleasanton, CA, USA and Abbott
RealTime HCV test, Abbott Diagnostics, North Chicago,
IL, USA) were introduced. Both are approved by the
EU (CE certification). While commercial use of HCV
RNA assays in the European Union is restricted to
devices and kits with CE certification, in the U.S. spe-
cialized laboratories may use non-certified HCV RNA
tests provided that the requirements of a quality assur-
ance are fulfilled. In Tables 63.6 and 63.7 the current
marked status of each test system (FDA and/or CE cer-
tification) are summarized. Results of HCV-RNA assays
are calibrated in international units (IU/mL) on the basis
of the first WHO HCYV international standard (96/720).

Qualitative HCV-RNA Detection

Reverse Transcription-Polymerase Chain Reaction
(RT-PCR)

The first test systems to confirm ongoing, replicating
hepatitis C were based on RT-PCR. Due to their lower
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detection limits in comparison with quantitative HCV-
RNA assays, qualitative HCV-RNA tests are used for
diagnosis of acute hepatitis C in which HCV-RNA
concentrations are fluctuating and may be very low. In
addition, they are used for confirmation of virologic
response during, at the end, and after antiviral therapy.
The oligonucleotides used for HCV-cDNA genera-
tion are complement to the highly conserved 5’NCR
region. An improved sensitivity (and specificity) could
be achieved by the introduction of a nested PCR. The
amplification of a target sequence within a nested PCR
is performed in two steps. In a first PCR, the target
sequence is amplified using an outer oligonucleotide
primer pair. The amplified DNA serves in a second
PCR as a template to amplify the target sequence with
an inner primer pair, which is complement to the 3’-
and 5’-terminus of the target sequence. However, in a
two step PCR system the PCR tube has to be opened
after the first step to transfer the DNA into a new PCR-
reaction mix. Thus, there is an increased risk of con-
tamination and generation of false-positive results.

Qualitative RT-PCR (Amplicor™ HCV 2.0, Roche
Diagnostics)

By the end of 1993 a first standardized RT-PCR based
assay for detection of HCV-RNA was introduced,
called Amplicor™ HCV (Roche Molecular Systems,
Pleasanton, CA, USA). The Amplicor™ HCV, a

1. Primer-1, including the
T7-promoter sequence,
binding at the target RNA

2. Reverse transcriptase

(RT) synthesizing a double-
stranded cDNA, containing
the T7-promoter sequence

RNA Pol

3. RNA-polymerase produces

Fig. 63.21 Principle of 100-1000 RNA copies

transcription mediated
amplification (TMA, Bayer
Diagnostics). For details,
see text

FDA- and CE-accredited system is a combined single
tube-, single enzyme-, single primer set RT-PCR assay.
Under suitable buffer conditions, the DNA polymerase
of Thermus thermophilus used in this assay, function
as reverse transcriptase as well as DNA polymerase.
This allows the performance of the RT-PCR in a one-
step procedure without opening the reaction tube. In
addition, to reduce potential contamination, the assay
incorporates an internal control for monitoring the
assay performance. Currently, a second version of this
assay is available, called HCV Amplicor 2.0 assay
which reliable detects HCV-RNA concentrations down
to 50IU/mL.

Transcription-Mediated Amplification (TMA, Versant™,
Siemens)

The TMA (Fig. 63.21) is an isothermal and autocata-
Iytic method to amplify target sequences with FDA and
CE market status. The TMA reaction-mix contains two
oligonucleotides, one RNA polymerase, and one reverse
transcriptase. In a first step a T7-promoter-primer binds
to the target RNA. The reverse transcriptase produces a
RNA/DNA double-strand. Due to the RNaseH activity
of the reverse transcriptase the RNA-strand is degraded.
The second primer binds to the DNA copy and pro-
duces a DNA/DNA double-strand including the
T7-promoter. The RNA-polymerase recognizes the
T7-promoter and produces 100—1,000 RNA-amplicons
which are then returned to a new amplification cycle.

Primer 1

HCV-
RNA
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100-1000 RNA transcripts
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generated RNA, a new
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sequence starts
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Within 1 hour, approx. ten billion amplicons are pro-
duced. The amplified DNA is detected by liquid hybrid-
ization. Thereby labeled DNA-probes hybridize with
the target sequence. The hybridized probes are detected
in a chemiluminescence assay. Due to its extreme high
sensitivity the TMA-based assay (lower detection
5-10IU/mL) is able to detect residual HCV-RNA
amounts not observed by standard RT-PCR-based tests
(lower detection limit 50IU/mL) [70].

Quantitative HCV-RNA Detection

Cobas Amplicor™ HCV-Monitor (Roche Diagnostics)

The further development of the qualitative Amplicor™
HCV assay resulted in a semiautomated, quantitative
detection assay, called COBAS (complete bioanalyti-
cal system) Amplicor™ HCV Monitor 2.0 assay with
improved performance characteristics. The dynamic
range of the CE-labeled Amplicor™ HCV Monitor 2.0
assay is 600 — 500,000 IU/mL. While the amplification
efficiency of the first version of the Amplicor™ HCV
Monitor depended on the genotype, the version 2.0
assay works equally for all HCV genotypes and has a

specificity of approximately 100%.

Branched DNA-Hybridising Assay (Versant™ HCV-RNA
Assay (bDNA), Siemens)

Bayer Diagnostics (Tarrytown N.Y.) established the
semiautomated Versant™ HCV-RNA Assay (bDNA) for
quantification of HCV-RNA which is now distributed by
Siemens. The Versant™ HCV-RNA Assay is FDA and
CE-accredited. Since version 2.0 all six major HCV gen-
otypes are equally quantified. The current version 3.0 of
the bDNA assay has a lower detection limit of 6151U/
mL and a linear quantification with low inter- and intra-
assay variability up to 8,000,000IU/mL. In contrast to
the amplification of the HCV cDNA with RT-PCR, the
HCV-RNA is detected with several hybridizing reactions
coupled in the branched DNA technology (signal ampli-
fication). For a description of bDNA methodology see
above (Diagnostics of hepatitis B) (see Fig. 63.18).

HCV-SuperQuant™ (National Genetics Institute, NGl)

The current version of the HCV-SuperQuant™-assay,
which is neither FDA- nor CE-approved, is based on

RT-PCR combined with detection of HCV cDNA by
southern blotting. The HCV-RNA is transcribed into
cDNA which is transferred to a membrane. After
hybridization with a digoxigenin-labeled probe the
HCV DNA is detected. The HCV-SuperQuant™ has a
dynamic range of 39 — 2.0 x 10° IU/mL. In combina-
tion with a second assay called UltraQual™ PCR, also
provided by NGI, a mean sensitivity of 1 — 1.6IU/mL
can be achieved. This assay is FDA approved for donor
screening of source plasma in pools of up to 512.

Real-Time Based HCV-RNA Detection Assays

Recently, HCV quantification assays based on real-
time PCR were approved by Roche Molecular Systems
(Pleasanton, CA, USA) and Abbott Laboratories (North
Chicago, IL, USA). The real-time technology, shown
in Fig. 63.22, is used to simultaneously quantify and
amplify a target DNA sequence. Real-time PCR meth-
ods have the advantage of linear quantification over a

Reporter Quencher

. Q
Primer 1 .@ 2 e TagMan probe
31 15
Fluorescence ‘

(HCV-RNA, QS RNA) N - @
I Ny / /

Fig. 63.22 Real-time PCR (COBAS Ampliprep/COBAS Tag-
Man). The real-time technology is used to simultaneously quan-
tify and amplify a target DNA sequence. For HCV, the detection
is performed with dual-labeled oligonucleotides specific to the
5’NCR of the HCV genome. The 5’-terminus of these oligonu-
cleotides are linked to a fluorescent molecule whereas the 3’-part
is labeled with a quenching molecule. During PCR, the oligo-
nucleotides hybridize with the target DNA and are degraded by
the nuclease activity of the Z05 DNA polymerase. The reporter
molecule and the quencher molecule are thereby separated from
each other and the fluorescence of the reporter molecule is
increased. As internal control a non-infectious RNA construct of
known concentration is added to the samples, named QS RNA
(Quantitation standard)

3




706

63 Viral Infections by Hepatotropic Viruses

broad dynamic range, together with an integrated, auto-
mated detection system. To meet the needs of a high
throughput diagnostic laboratory, completely auto-
mated versions of these assays have been produced.

COBAS TagMan (CAP/CTM, Roche Diagnostics)

Within the FDA as well as CE-labeled COBAS
Ampliprep/COBAS TagMan (CAP/CTM) assay, the
Ampliprep instrument is used for HCV-RNA extraction
from serum- or plasma-samples using magnetic parti-
cles. Alternatively, HCV-RNA preparation can be per-
formed manually with glass fiber columns using the
high pure system viral nucleic acid kit (HPS). The two
major steps of the COBAS TagMan assay are (i) reverse
transcription of the target RNA to generate cDNA and
(i1) simultaneous PCR amplification of target cDNA
and detection. The detection is performed with dual-
labeled oligonucleotides specific to the S’NCR of the
HCYV genome and specific for the template of an inter-
nal control (synthetic RNA for binding the same primer
as for HCV-RNA), used as test standard. The 5’-termi-
nus of these oligonucleotides are linked to a fluorescent
molecule whereas the 3’-part is labeled with a quench-
ing molecule. During PCR, the oligonucleotides hybrid-
ize with the target DNA and are degraded by the
nuclease acitivity of the Z05 DNA polymerase. Thereby
the reporter molecule and the quencher molecule are
separated from each other and the fluorescence of the
reporter molecule is increased. The fluorescence sig-
nals are subsequently analyzed by the AmpliLink soft-
ware (Fig. 63.22).

The first generation of the HPS/CTM assay with
manual HCV-RNA extraction was restricted to geno-
type 1 and 6 only, due to significant under-quantification
of genotype 2, 3, 4 and 5 samples. In a second genera-
tion of the HPS/CTM an equal quantification of all six
major HCV genotypes was reported. The current ver-
sion of the CAP/CTM assay shows equal quantification
of HCV genotype 1, 2, 3, 5, and 6 samples while for
genotype 4 probes a slight under-quantification in
comparison with the COBAS Amplicor HCV Monitor
assay was described in several studies. For both, the
HPS/CTM and the CAP/CTM assay, a lower detec-
tion limit of approximately 10IU/mL and a linear
amplification of HCV-RNA from approximately 30 up
to 10,000,0001U/mL was reported [71]. For the CAP/
CTM assay a first fully automated system including
HCV-RNA preparation, amplification and detection for

high throughput HCV-RNA quantification is available.

Abbott RealTime HCV Test (North Chicago, IL, USA)
The Abbott RealTime HCV test with CE market status

is developed for use on the Abbott m2000™ automated
instrument system and is designed for the precise mea-
surement of HCV-RNA in human plasma or serum
samples. HCV-RNA is extracted using magnetic parti-
cles. The detection system is also based on dual-labeled
oligonucleotides specific for the 5’NCR of the HCV
genome. The free oligonucleotides are not fluorescent,
because reporter and quencher molecules are very close
to each other due to their random coiled structure. After
hybridization with the target sequence the fluorescent
molecule is separated from the quenching molecule and
the light emission can be measured. For calculation of
quantitative results, the Abbott m2000rt instrument
compares the data with a stored calibration curve based
on an internal standard (IC). The IC target sequence is
derived from the hydroxypyruvate reductase gene from
the pumpkin plant Curcurbita pepo. Recently, an evalu-
ation of the Abbott real-time HCV assay showed a high
sensitivity (lower detection limit 12IU/mL), a high
specificity of approx. 100% and an equal linear quanti-
fication of all HCV genotypes up to 10° IU/mL [50].

HCV Typing Methods

HCYV isolates can be divided into six genotypes (geno-
type 1 — 6) and multiple subtypes (a, b, c). In Europe,
HCV subtypes 1, 2, 3, and 4 are most prevalent. Deter-
mination of the HCV genotype before initiation of
antiviral therapy is suggested for prediction of antiviral
response and determination of treatment duration
which are significantly different for genotype 1 versus
genotype 2 or 3 infected patients.

Genotyping by Sequence Analysis

Goldstandard for HCV genotyping is the sequencing
of the HCV isolates. For geno-/ subtyping the sequenc-
ing analysis of the 5’non-translated region is not suf-
ficient. It has to be complemented with analyses of the
coding regions. Non-overlapping evolutionary dis-
tances could be validated for the nonstructural (NS-)5B
and other HCV coding regions for isolates, subtypes
and genotypes.
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Several typing systems are available. Using reverse
hybridizing systems, type-specific PCR, hybridizing
reactions with specific oligonucleotides and HCV-
RNA sequencing. The commercial assays use reverse-
hybridization and sequencing methods with the
nucleotide sequence information from the 5’noncoding
region, the core gene and the NS5 gene.

Reverse Hybridizing Assay (Versant™ HCV Genotype 2.0
System (LiPA), Siemens)

This method identifies the genotypes HCV-1 to HCV-6
and more than 15 different subtypes. The high specific-
ity of this assay is based on the simultaneous detection
of 5’NTR and core regions, which minimizes the risk
of false-positive results. The ability to differentiate sub-
type HCV-1a and HCV-1b improved up to 96.8% in the
second version of the assay which contributes mainly
to the higher yield of positive results. But there are still
some problems present in subtyping genotype 2 and 4.
The Versant™ HCV Genotype 2.0 System (LiPA) is the
most widely used HCV genotyping assay.

Trugene (TRUGENE® HCV 5'NC Genotyping Kit,
Siemens)

The Trugene assay determines HCV type and subtype
based on nucleotide sequence analysis of the 5’NC
region of the genome. Positive results are obtained in
approximately 81%. But accurate subtype determina-
tion is limited due to the insufficient diversity of the
5’NCregion. The TRUGENE®NS5B HCV Genotyping
assay is currently under development.

Morphological

The specific determination of HCV infection in the liver
with histopathological methods is problematic. In situ
hybridizing methods for detection of HCV-RNA are
described, but they are technically difficult, particularly
with the formalin-fixed paraffin material. Detection of
HCV-RNA via PCR is possible on paraffin-fixed
embedded tissues as well as on native material. For an
immunohistochemistry different antibodies against
HCV-coding proteins were described. Antibodies for
application for formalin-fixed material are tested and
commercially available. However, there are some tech-
nical problems with nonspecific background staining.
In some cases, detection of HCV antigens in liver

biopsy samples from serological antibody as well as
HCV-RNA negative cases were was described. Con-
versely, however, the detection of HCV antigens may
be negative in tissues of patients with positive HCV
antibodies and detectable HCV-RNA.

Conclusion for HCV Diagnosis

In patients with suspected chronic hepatitis C, screening
for HCV antibodies is the method of choice. Verification
of positive anti-HCV-antibodies by confirmation immu-
noblot assays generally is not necessary. The currently
used HCV antibody assays of the second and third gen-
eration rarely produce false-positive results.

For discrimination of ongoing from past HCV infec-
tion in patients with positive anti-HCV-antibodies,
HCV-RNA measurement is required. In patients with
suspected acute hepatitis C a direct detection of HCV-
RNA by highly sensitive amplification methods
(RT-PCR or TMA) should always be performed, as
anti-HCV-antibodies are in most cases not detectable
until several weeks after infection. Anti-HCV-IgM
tests cannot narrow this diagnostic window.

Before initiation of interferon-based antiviral ther-
apy determination of HCV genotype and HCV-RNA
viral load is used for prediction of treatment response
and determination of treatment duration.

During antiviral therapy a quantitative and qualita-
tive HCV-RNA measurement is performed for moni-
toring of treatment response, determination of treatment
duration and early discontinuation in non-responders.
The primary aim of interferon/ribavirin combination
therapy is eradication of HCV infection with negative
HCV-RNA 6 months after the end-of-treatment (sus-
tained virologic response) which is associated with
normalization of serum aminotransferases, improve-
ment of liver histology and reduction of the risk for
development of hepatocellular carcinoma.

Immunological and Direct Antiviral
Treatment Approaches in Viral Hepatitis

Infection with hepatitis B, B/D or C virus leads to an
impairment of the liver parenchyma and promotes the
development of long term complications such as liver
cirrhosis or hepatocellular carcinoma. For treatment of
chronic hepatitis B, (pegylated) interferon alfa and the
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nucleos(t)ide analogues lamivudine, adefovir, entecavir,
and telbivudine are licensed at present. For treatment of
chronic hepatitis delta infection only, (pegylated) inter-
feron alfa is available. The standard treatment for
patients with chronic hepatitis C is pegylated interferon
alfa in combination with the nucleoside analogue rib-
avirin. However, in a significant number of patients
these treatment options lead to an insufficient response.
Hence, an improvement with new antiviral therapies is
required.

The majority of studies focus on the development of
direct antiviral drugs. One possibility is the inhibition of
virus-encoded enzymes (e.g. inhibitors of the protease,
helicase and the RNA-dependent RNA-polymerase of
hepatitis C virus or polymerase of hepatitis B virus).
Substances which bind specifically at the viral genome
are antisense-oligonucleotides and ribozymes. Inhibitors
of the internal ribosome entry site (IRES) of HCV can
also prevent transcription and translation of the viral
genome. Another approach is the development of thera-
peutic vaccines.

Chronic Hepatitis B

Nucleos(t)ide Analogs

One approach in treating chronic hepatitis B is the use
of nucleoside or nucleotide analogs, which inhibit the
hepatitis B encoded reverse-transcriptase/polymerase.
Nucleos(t)ide analogs are false nucleotides which,
after incorporation during replication, lead to a chain-
termination. Treatment with direct antiviral drugs may
lead to the selection of viral isolates with resistant
mutations. Table 63.8 gives an overview of nucleos(t)
ide analogs currently used for treatment of chronic
hepatitis B.

Lamivudine

Lamivudine is a deoxycytidine analog that is active
against HIV and hepatitis B virus. Lamivudine was the
first direct antiviral to be approved for HBV infection.
In patients with chronic hepatitis B, lamivudine pro-
foundly suppresses HBV replication [34]. Within the
cells lamivudine is metabolized to the triphosphate,
which is responsible for the antiviral activity through

Table 63.8 Nucleos(t)ide analogs in hepatitis B treatment

Substance Efficacy Status Side effects

Aciclovir (ACV) - Zovirax® neuropathy

Adefovir + Hepsera® (nephrotoxic-
Dipivoxil ity?)
(PMEA)

Didanosin (ddl) - Videx® neuropathy,
lactic
acidosis

Emtricitabine + Phase II

Entecavir (ETV)  + Baraclude®

Famciclovir/ + Famvir® nephrotoxicity

Penciclovir

Fialuridin (FIAU)* + Phase 11 multiple organ
failure

Ganciclovir +) Cymeven® neutropenia

(DHPG)
Lamivudine + Zeffix®
(LAM, 3TC)

Lobucavir® + Phase I1 carcinogenicity

Pradefovir + Phase II

Telbivudine (LdT) + Sebivo®

Tenofovir (TDF)*  + Viread®

Zalcitabin (ddC) - HIVID® neuropathy

Zidovidin (AZT) - Retrovir®  myopathy,
steatosis

“Fialuridin showed a delayed toxicity in Phase II-studies
with serious mitochondrial functional disturbance and lethal
outcome

Lobucavir has proved cancerogenic in animal tests, further clin-
ical development was stopped

‘Lamivudine, Emtricitabine and Tenofovir are approved for
treatment of HIV infection

inhibition of the DNA polymerase. With increasing
treatment duration, resistance mutants (e.g. the so
called YMDD-HBV-mutant), may be selected. The
YMDD motif (tyrosine, methionine, aspartate, aspar-
tate) is a highly conserved amino acid sequence
involved in deoxynucleoside triphosphate (dNTP)
binding in the catalytic site of a number of RNA-
dependent DNA polymerases, including hepatitis B
virus (HBV) DNA polymerase. In approximately 50%
of the patients, resistant mutants associated with
increasing HBV-DNA viral loads are selected after 2
years of treatment with lamivudine.

Adefovir Dipivoxil
Adefovir [9-(2-phosphonomethoxy-ethyl)-adenine]

(PMEA) is an acyclic nucleotide phosphonate, which
does not have to be activated through intracellular
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phosphorylation. The oral prodrug of adefovir is ade-
fovir dipivoxil (bis-[POM]-PMEA). In addition to the
competitive inhibition of the viral polymerase and an
obligatory chain-determination after integration in the
viral RNA, adefovir induces activation of natural killer
cells and production of alpha- and beta-interferon.
Adefovir dipivoxil is approved for the treatment of
wild type and lamivudine resistant hepatitis B virus
infection and no cross resistance was described between
lamivudine and adefovir. However, treatment with
adefovir is also associated with the development of
resistance, and in approximately 10% of the patients
loss of efficacy with increasing HBV-DNA levels after
2 years of therapy has been described.

Tenofovir

Tenofovir disoproxil fumarate (TDF), which is chemi-
cally closely related to adefovir and which is approved
for treatment of HIV infected patients, has recently
been shown to also be effective in patients with HBV
infection. TDF was shown to reduce HBV-DNA more
rapidly, more consistently, and in a significantly higher
proportion of patients compared to lamivudine and
adefovir dipivoxil. TDF is active in wild type and lami-
vudine resistant hepatitis B. So far, development of
resistance to TDF has not been reported in patients
treated with HBV infection. In 2008 tenofovir was
approved for treatment of chronic hepatitis B.

Entecavir

Entecavir (ETV) is a carbo-cyclic guanosine analog
which also is highly effective against hepatitis B virus
polymerase. Inhibition of hepatitis B virus replication
has been shown in vitro and in vivo. Several poly-
merase assays showed that entecavir inhibits reverse
transcription and the DNA-dependent DNA synthesis,
but most notably the replication-initiating priming
reaction via the HBV polymerase is blocked. Entecavir
can also lead to suppression of HBV replication in
patients with lamivudine resistant YMDD-HBV-
mutants. Entecavir resistance requires pre-existing
lamivudine resistance and additional mutations in the
HBV reverse transcriptase/polymerase. Entecavir
appears to be a stronger inhibitor of HBV replication

than either lamivudine or adefovir [39, 81]. Due to the
need of at least two mutations, reported rates of devel-
opment of resistance are very low (approximately 1%
after 4 years). Entecavir is approved for treatment of
naive and lamivudine resistant patients with chronic
hepatitis B.

Telbivudine

Telbivudine (L-deoxythymidine or LdT) is a nucleoside
analog that selectively inhibits HBV replication. It has
demonstrated potent activity against hepatitis B in
phase 3 studies and recently was approved for treatment
of chronic hepatitis B. The response rate is significantly
higher compared with lamivudine. Telbivudine is well
tolerated and shows no mitochondrial toxicity and no
dose-limiting side effects. Development of resistance is
somewhat slower than for lamivudine, with approxi-
mately 20% of patients with selection of resistance
mutants after 2 years of treatment.

Immunomodulatory Drugs
Protein Vaccination

An immunomodulatory approach to the treatment of
chronic hepatitis B infection is the use of vaccines. The
major aim of this approach is to overcome the immune
tolerance present in chronic hepatitis B virus infection.
In initial clinical studies, some patients showed a
decrease in HBV-DNA serum levels below the detec-
tion limit of quantitative assays after injection of the
small and middle HBsAg. Additional patients showed
significantly decreased HBV-DNA serum concentra-
tions. However, the seroconversion rate from HBeAg
to anti-HBe or HBsAg to anti-HBs, respectively, was
not higher in the treated patients than expected during
natural clinical course. Complications or increasing
aminotransferases were not reported.

Furthermore, experiments with immunodominant
T-cell-epitopes of the HBcAg were performed. For
this approach, a lipopeptide-vaccine (CY-1899) was
designed consisting of HBV core antigen peptide 18 — 27
as the CTL epitope, tetanus toxoid peptide 830 — 843 as
the T helper peptide, and two palmitic acid molecules
as lipids. A dose escalation trial showed that this vac-
cine was safe and able to induce a primary HB V-specific
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CTL response [84]. A subsequent study showed that
administration of the single-epitope vaccine, CY-1899,
initiated CTL activity, which, however, was signifi-
cantly lower than that observed during spontaneous
HBV clearance. This low-level CTL activity was not
associated with a decline in viral load, and no signifi-
cant changes in liver biochemistry or viral serologic
markers were observed during follow-up [79].

DNA Vaccination (Genetic Immunization, Genetic
Vaccination)

Genetic immunization is based on intravenous, intra-
muscular or subcutaneous injection of plasmid DNA
encoding HBV antigens. The so-called DNA vaccines
induce immune responses against antigens synthesized
in vivo after introduction of DNAs encoding antigen
sequences. In the context of class I and class II MHC
molecules, the endogenous synthesis of antigen leads to
appropriate antigen-presentation which in turn will
result in strong humoral and cellular immune responses
(Fig. 63.23). The genetic vaccination can be applied
prophylactically to uninfected people as well as to treat
chronically infected patients. Studies in animal mod-
els showed a humoral and cellular immune response
after injection of HBsAg or HBcAg. Particularly, the
cellular immune response via virus specific cytotoxic

Protein-/epitope DNA-vaccination
vaccination
Antigen-presenting cell

Protein/epitope Proteins @ Plasmid

) m

&Gb

& o
: B

Stimulation of cellular and
humoral immune response

Fig. 63.23 Therapeutic protein- or DNA-vaccination. For a
protein-/epitope vaccination proteins or peptides were trans-
fected in the cell (1), presented at the cell surface (3) and recog-
nized by CD4* -T-cells. For a DNA-vaccination viral proteins
were translated (2) from the transfected plasmid-DNA (1) and
represented at the cell surface (3)

T-lymphocytes (CTL) induced by DNA vaccination is
very effective. An advantage is that the peptides are pro-
duced within the cells and thus are processed in a natural
and optimal way. In conjunction with MHC class I mol-
ecules they build a potent immune response against
already infected hepatocytes. Phase I and II clinical
studies showed that the vaccine was safe and well toler-
ated. In people who were positive for the HLA class A2
allele, the vaccine also induced antigen-specific CD8*
T cells that bound HLA-A2/ HBsAg,._ ... tetramers,
secreted IFN-y, and lysed target cells presenting an
HBsAg CTL epitope. Enumeration of HBsAg-specific
T cells producing cytokines indicated preferential induc-
tion of a type 1 T helper cell response. These results pro-
vide the first demonstration of a DNA vaccine inducing
protective antibody titers and both humoral and cell-
mediated immune responses in humans.

Monoclonal Antibodies

Another specific antiviral therapy is based on the use
of monoclonal antibodies directed against structural
HBV proteins. Two monoclonal antibodies against two
different epitopes from the HBsAg were tested as
monotherapy in phase I studies on patients chronically
infected with hepatitis B.

Adoptive T Cell Transfer

The transfer of immunoreactive cells is another possi-
bility of immunomodulatory therapy (adoptive T cell
transfer). However, some difficulties, in particular
MHC incompatibility and graft-versus-host-reactions,
are at present challenging obstacles to overcome. The
assumption that chronic hepatitis B infection can be
cured through transfer of immunoreactive cells is
based upon the observation that patients with chronic
hepatitis B infection became HBsAg-negative 1 -3
years after bone marrow transplantation from anti-
HBs- and anti-HBc-positive donors.

Drugs Specific Against Viral RNA/DNA
Antisense-Oligonucleotides

Antisense-oligonucleotides are small pieces of DNA
or RNA which are complementary to conserved regions
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Fig. 63.24 Mechanism of action of antisense-oligodeoxynu-
cleotides (antisense-ODN). Antisense-oligodeoxynucleotides
hybridize with viral RNA

of a target-RNA (Fig. 63.24). Due to formation of
hybrids with the target-RNA, all steps of the viral cycle
with a single-stranded genome can be blocked. Several
mechanisms of action are discussed. The binding
between mRNA and ribosomes and/or mRNA initia-
tion factors can be inhibited. Inhibition of the forma-
tion of the ribosomal subunit and the following
translation may also be of importance. Destruction of
the viral RNA through a cellular ribonuclease (RNase
H) is possible with DNA-antisense-molecules as well.
In addition, non-sequence specific mechanisms were
reported.

To specifically bind to a determined genome sequence
instead of natural nucleic acid molecules, the antisense-
oligonucleotides must have a length of at least 11 — 15
nucleotides. A problem with the development of anti-
sense-oligonucleotides is that the synthetic molecules
can be degraded by cellular enzymes. Attempts to avoid
this degradation by chemical modification have been
made. Proper transport of the oligonucleotides into the
target cells is problematic as well.

Antisense strategies have been tested successfully
in vitro with a number of different viruses. Antisense-
oligonucleotides cause a decrease of HBV-DNA levels
in cell culture models and in animal models (duck and
woodchuck).

Ribozymes

Ribozymes (ribonucleic acid and enzyme) are natu-
rally occurring RNA molecules, which catalyze the
sequence specific cleavage of a target RNA. One
ribozyme can cleave several target RNAs. The smallest

3 5 Substrate
5' U 3 Ribozyme
‘ M92+

0 // o Substrate

3 - > - 5
Ribozyme

3 5 3 5’

5 ( ) 3 Ribozyme

Fig.63.25 Catalytic cleavage through a “hammerhead-ribozyme”.
The ribozyme binds at the complementary sequence of the sub-
strate. Cleavage occurs in the presence of Mg**

and best characterized ribozymes, beside the so called
“hairpinribozymes,” are the “hammerhead ribozymes”.
They consist of three helices: the variable helices I and
IIT hybridize with the complementary parts of the tar-
get RNA, and the conserved helix II forms the catalytic
active center (Fig. 63.25).

Ribozymes can be produced synthetically. They can
be designed in a way that they are able to hybridize
with specific parts of RNAs and cleave the RNA at
these sites. A problem is the fast degradation of unmod-
ified ribozymes in serum. Nuclease-stable ribozymes
can be designed through chemical modifications.

Cell culture systems showed that hairpin ribozymes,
directed against different sites of the pregenomic HBV
RNA, recognize the RNA and cleave it specifically.
An efficient cleavage of HBV RNA through hammer-
head ribozymes was shown only in cell-free systems
or cell lysates. One explanation may be the intracel-
lular protein-RNA interaction or the low Mg** concen-
tration. Until now, no therapeutic potent ribozyme
mediated cleavage of HBV nucleic acids has been
demonstrated.

Dominant-Negative Mutants

The biological effect of a wild type-(wt-) gene prod-
uct can be inhibited by an overexpressing mutant
(inactive) gene product. In other words, the inactive
mutant gene product dominates the active wt-product
(dominant-negative).
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Dominant-negative mutants against the hepatitis B
virus genome were generated and their effect was dem-
onstrated in vitro. The core-coding part of the gene was
thereby fused with the surface-gene, and via adenoviral
vectors introduced in a cell system which was already
transiently transfected with replication competent
HBYV vector constructs. Due to the dominant-negative
core-surface-HB V-mutants, an inhibition of the HBV
replication of more than 90% was observed. The inhi-
bition is most likely achieved through blocking of the
encapsulation of the viral genome. The antiviral
approach with dominant-negative mutants seems to be
relatively insensitive against sequence variations.
Thus, the risk of developing resistant virus isolates is
thought to be less likely than for ribozymes or anti-
sense-oligonucleotides.

Chronic Hepatitis C

Inhibitors of the Inosine Monophosphate
Dehydrogenase

Inosine monophosphate dehydrogenase (IMPDH) is a
cellular enzyme needed for formation of guanosine
nucleotides. IMPDH exists in two isoforms (I and II)
which are identical in 84%.

VX-497

VX-497 is a potent, reversible uncompetitive IMPDH
inhibitor which is orally available. The monotherapy
with VX-497 leads to an effect against a variety of
DNA or RNA viruses. In combination with interferon-
alfa an additive antiviral effect is demonstrated. A
phase II study in patients with HCV infection showed
a significant decrease in aminotransferases, but vire-
mia did not change.

Ribavirin

Ribavirin (1-B-D-ribofuranosyl-1,2,4-triazole-3-carbox-
amide) is a guanosine analogue that possesses broad-
spectrum antiviral activity against several RNA and
DNA viruses in vitro. An initial pilot study investigat-
ing the utility of ribavirin in patients with chronic

hepatitis C was published in 1991 [67]. Subsequently,
several controlled trials showed that ribavirin mono-
therapy led to a decline in alanine aminotransferases
levels in a significant proportion of patients [20].
However, in the majority of patients no significant
reduction of HCV-RNA was detected, suggesting
that ribavirin monotherapy has no or only marginal
effects on HCV replication in vivo in several patients.
Despite these unsuccessful studies with monother-
apy, ribavirin was combined with (PEG)-IFN alfa,
which surprisingly led to substantially improved
sustained virologic response rates in patients with
chronic hepatitis C. The benefit of adding ribavirin
to interferon-alfa based antiviral therapy results
from a sharper second phase decline and mainly the
prevention of virologic relapse. However, the exact
antiviral mechanisms of ribavirin are poorly under-
stood, and currently four different mechanisms of
action have been proposed: (i) enhancement of the
host adaptive antiviral immune response, (ii) inhibi-
tion of host IMPDH, (iii) direct inhibition of HCV
NS5B RNA-dependent RNA-polymerase, and, more
recently, (iv) RNA virus mutagenesis and “error
catastrophe” [23, 47, 66]. For the latter hypothesis,
it has been reported that ribavirin acts as an RNA
virus mutagen, thereby leading to an increased muta-
tional frequency that exceeds the mutational thresh-
old of viral fitness and drives RNA viruses into error
catastrophe [32].

CpG-Oligo(deoxy)nucleotides

CpG-motifs are non-methylated cytidine-guanosine-
dinucleotides surrounded by certain bases. They occur
much more frequently in viral or bacterial DNA than
in human DNA. Thus, CpG-motifs turn out to be a
characteristic and quantitative differentiating factor
between human and viral or bacterial DNA, respec-
tively. They can be recognized by the human immune
system and they activate immune response mainly via
stimulation of Th1-response with the activation of nat-
ural killer cells and dendritic cells. B-cell-response is
stimulated via CpG-motifs as well.

Synthetically produced oligonucleotides including
CpG-motifs can simulate an infection and hence activate
the immune system. A potent CpG-motif was identified,
and modified nuclease-stable CpG-oligonucleotides were
developed. Potential applications are tumour diseases,



Immunological and Direct Antiviral Treatment Approaches in Viral Hepatitis

713

infectious diseases (immunomodulation, prophylactic or
therapeutic vaccination), allergies, and bronchial asthma.

The number of CpG-motifs in the vaccine can be
increased or decreased. An increase of CpG-motifs
can be reasonable if the activity of the vaccine should
be raised. A decrease of the CpG-motifs leads to a
reduced immune response and can be applied if genes
should be inserted in the genome.

Vaccinations

Hepatitis C virus exhibits a high genetic variability
with multiple genotypes and subtypes, furthermore it
shows significant intra-individual viral heterogeneity
(quasispecies); therefore, development of an effective
active immune prophylaxis (prophylactic vaccination)
against HCV has not been successful so far. The pur-
pose of a therapeutic vaccination is to induce a strong
immune response with consecutive elimination of the
virus (see Fig. 63.23).

Vaccines can consist of isolated or recombinant
produced viral proteins, peptides, virus-like particles,
“naked” DNA or recombinant produced viruses. An
effective HCV vaccine should be effective against all
HCV-genotypes and -subtypes. Highly conserved
regions such as the HCV-core-antigen are potentially
suitable target epitopes. Additionally, studies with
the variable envelope-(E1- and E2-)antigen have been
performed. Anti-E2-antibodies recognizing epitopes
within the hypervariable region (HVR) 1 showed
neutralizing effects in chimpanzees. In addition to
induction of high titer cross-reactive antibodies, a
multi-specific cellular immune response is likely
important for curing the disease.

DNA Vaccines

For administration of DNA vaccines, intramuscular,
subcutaneous or intravenous injection of plasmid-
DNAs is performed. The plasmid-DNA is taken up by
the host cells followed by intracellular expression of
the appropriate (viral) protein. The subsequent presen-
tation of antigens stimulates the cellular and humoral
immune response.

Initial studies with genetic immunization against
HCYV showed that through the application of certain
gene sequences from the HCV genome in a host, a

humoral as well as a cellular immune response was
induced. Animal studies showed that vaccines with
the conserved nucleocapsid-(core)region and the
hypervariable region (HVR) 1, but also with non-
structural proteins (NS3, NS4, and NS5), are able to
induce an immune response. This immune response
can be increased through additional administration
of immunomodulatory cytokines. Chimpanzees were
successfully infected with HCV despite previous
vaccination with a DNA coding for part of the
E2 protein. However, the clinical course of the infec-
tion was relatively mild and self limiting in both
cases. In patients with chronic hepatitis C, studies
with therapeutic DNA vaccination have not yet been
published.

Protein Vaccines

Another approach of vaccination is the application of
viral antigens (protein vaccination). Particularly, stud-
ies with the envelope-(E1- und E2-)antigen have been
performed. In chimpanzees a vaccine from recombi-
nant envelope antigens induced an antibody response
and CD4-T-cell response, which inhibited chronifica-
tion of the infection. Another protein vaccine, contain-
ing a purified genotype HCV-1b envelope-protein
(INNOVAX C, Innogenetics), was investigated in a
clinical study in patients with chronic hepatitis C.
Because there was no statistically significant effect
observed between patients and placebo groups, further
development of the vaccine was stopped.

Epitope Vaccine

Epitope vaccination is performed by the transfection
of immunodominant epitopes into the target cells. To
increase immunogenicity the epitopes are bound to a
carrier complex (e.g. PADRE™, Epimmune). An
epitope vaccine containing several immunodominant
T-cell-epitopes which should stimulate CD4*- and
CD8*-responses is in preclinical development at pres-
ent and a phase I study is planned (Epimmune).
Another therapeutic peptide vaccine is IC41 (Intercell).
It consists of five synthetic peptides harbouring HCV
CD4 and CDS T-cell epitopes and the synthetic adju-
vant poly-L-arginine. A clinical phase II study deter-
mined a HCV-specific IFNy secreting CD4* and CD8*
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T cell response in chronic HCV patients. Additional
phase II studies are currently underway. Collaboration
between CSL and Chiron provides a vaccine which has
proved to be safe and well-tolerated. It induced cellu-
lar immune responses in initial trials, so a phase II
study is currently planned.

Amantadine and Rimantadine

Amantadine (L-Aminoadamantan, Infex®), a tricyclic
amine, and its analogue Rimantadine (Flumadine™) are
two potential antiviral agents for the treatment of
chronic hepatitis C. Amantadine has antiviral activity
against a broad range of viruses including influenza A
virus infection. In patients with chronic hepatitis C,
amantadine had no antiviral effect when used as mono-
therapy in several studies [3]. Placebo-controlled trials
with the combination treatment of IFN-a with or with-
out amantadine have shown no significantly higher sus-
tained virologic response rates in patients who received
amantadine [89]. Meta-analyses of all studies with
IFN-a in combination with amantadine showed contra-
dictory results [49]. Triple therapy with PEG-IFN, riba-
virin, and amantadine showed improved sustained
virologic response rates in patients who were previ-
ously nonresponders but showed no significant benefit
in naive patients or relapsers in comparison with stan-
dard combination therapy [9]. Additional studies with
PEG-IFN, ribavirin, and higher doses of amantadine to
verify a potential antiviral effect of amantadine in
patients with chronic hepatitis C virus genotype 1
infection have been completed, however, showed no
additive antiviral efficacy. As a potential target for
amantadine, the HCV p7 protein was identified [26].
The HCV p7 protein was identified as being a calcium
ion channel in artificial lipid bilayers and in membranes
of mammalian cells. Amantadine abrogates the activity
of this channel in vitro, similar to its ability to inhibit
the M2 protein, an integral membrane protein of influ-
enza A virus [28]. In a recent study, the clinical impor-
tance of amino acid variations within the HCV p7
protein for the response to IFN-o-based antiviral ther-
apy with and without amantadine in patients with HCV
genotype 1 infection was investigated. Overall, the
HCYV p7 protein was highly conserved, and no signifi-
cant association of amino acid variations within HCV
p7 with the virologic treatment response in patients
who received amantadine was observed [51]. Taken

together, there is currently no evidence for a clear addi-
tional antiviral effect of amantadine for first-line ther-
apy of patients with chronic hepatitis C. Finally, most
recently no antiviral effect of amantadine (as demon-
strated by a lack of reduction of HCV-RNA levels) was
detectable in the HCV replicon system.

Specific Enzyme Inhibitors

An important focus for new antiviral treatment options
in HCV infection is the development of direct antiviral
drugs which specifically interact with the HCV repli-
cation cycle (specifically targeted antiviral therapy in
hepatitis C, STAT-C). Based on the availability of an in
vitro HCV replicon system and the detailed knowledge
about the structure and function of HCV proteins, in
recent years a subset of new compounds comprising
direct inhibitors of HCV enzymes like protease, heli-
case, and polymerase were developed. The most
advanced, newest antiviral agents are directed against
the HCV NS3/4A serine protease and the HCV-specific
NS5B RNA-dependent RNA-polymerase (Fig. 63.26).
Different antiviral agents for the specific inhibition of
the HCV NS3/4A protease and the HCV NS5B poly-
merase are currently in phase 1/phase 2, and phase 3
trials for treatment of patients with chronic hepatitis C,
and multiple additional direct antiviral drugs are in
preclinical development. So far, results of phase 2
studies are available for two protease inhibitors (VX-
950/telaprevir, and SCH503034/boceprevir) and two
polymerase inhibitors (R1479, and HCV-796).

(-)-strand-HCV-RNA

Helicase inhibitor ———»

Replication
Polymerase inhibitor ——» a

Polyprotein

Protease inhibitor ——»

cllafle b7 2/ nss [l (4 ][ 5n] [nsse

Fig. 63.26 Mechanisms of action of HCV helicase-, poly-
merase- and protease-inhibitors. The inhibitors inhibit different
steps of the viral replication cycle (transcription, translation, and
cleavage of the polyprotein)

Cleavage of the polyprotein
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Helicase Inhibitors

For translation and replication the HCV-RNA needs to
be unwound. This process is catalyzed through a heli-
case which is part of the HCV NS3 protein. Specific
inhibitors of the HCV helicase are under development.
However, clinical results are not yet available.

Protease Inhibitors

Like other RNA viruses, HCV expresses its genetic
information in a single polyprotein which has to be
cleaved in structural and non-structural proteins by cel-
lular and viral proteases. During short-term monother-
apy with the protease inhibitors BILN2061 (2 days),
SCH503034, and VX-950 (14 days), a decrease in
HCV-RNA concentrations of between 1.5 and 4 log
HCV-RNA TU/mL was observed in patients with chronic
HCYV genotype 1 infection [30, 64, 73]. BILN2061 and
VX-950 especially showed high antiviral efficacy, with
HCV-RNA levels below the detection limit of a highly
sensitive assay (<10IU/mL) in a significant number of
patients at the end of the 2 — 14 days therapy. However,
after the end of dosing, HCV-RNA levels increased to
concentrations at baseline in all patients [40, 65, 88].
For the protease inhibitor BILN2061, studies of
patients infected with genotypes 2 and 3 were pub-
lished. Interestingly, a generally less pronounced anti-
viral activity in patients infected with genotypes 2 and 3
was observed. This demonstrates a high possibility of
specificity of direct antiviral drugs for a certain geno-
type caused by the substantial HCV sequence variabil-
ity between different genotypes [30, 68]. In comparison
with IFN-a-based therapy, the antiviral efficacy for
blocking viral production is significantly higher in
patients treated with the protease inhibitor BILN2061
(99% versus 55 — 95%). Combination therapy of
SCHS503034 or VX-950 with PEG-IFN leads to a greater
decline of HCV-RNA viral levels compared with pro-
tease inhibitor monotherapy, and viral breakthrough
due to protease inhibitor resistance is prevented effi-
ciently. Due to the error-prone nature of the HCV RNA-
dependent RNA-polymerase together with highly
efficient replication, the selection of isolates that are
resistant to compounds such as HCV NS3/4A protease
and NS5B polymerase inhibitors could be a major limi-
tation for the efficiency of direct antiviral therapies in
patients with chronic hepatitis C. In the subgenomic

HCV replicon system, different mutations in the HCV
NS3 serine protease domain (R155Q, AI156S/T,
D168A/V, T54A, and V170A) that confer different lev-
elsofresistance to BILN 2061, VX-950, and SCH503034
were identified [43, 82]. In patients treated with the pro-
tease inhibitor VX-950, selection of resistant variants
with viral breakthrough during a 14-day treatment
period was observed. Through highly sensitive sequence
analysis of the HCV quasispecies before treatment ini-
tiation, at the end of therapy, and during follow-up, dif-
ferent amino acid positions (V36, T54, R155, and A156)
with mutations that confer different levels of resistance
to VX-950 were described [72]. For treatment with
SCH503034, analysis of the HCV quasispecies during
therapy revealed imutations at amino acid positions
V36, T54, V55, R155, A156, and V170. By direct
sequencing, the selection of HCV isolates with muta-
tions at position T54 in single patients was reported.
The question of whether the combination of different
direct antiviral drugs or combination therapies of direct
antiviral drugs with PEG-IFN and ribavirin will shorten
treatment duration, prevent the development of resis-
tance, or significantly improve sustained virologic
response rates, will be investigated in future studies.

Polymerase Inhibitors

Hepeatitis C virus replicates by a virus encoded (NS5B)
RNA-dependent RNA-polymerase. Thus, inhibition of
the HCV-specific RNA-dependent RNA-polymerase is
another approach in the development of direct antiviral
drugs. The HCV nucleoside RNA-polymerase inhibitor
NM283 is the oral prodrug of 2’-C-methyl-cytidine
(NM107) and is cleaved to the free nucleoside that is
converted to the active triphosphate by the cellular
machinery. NM107 specifically inhibits HCV replica-
tion in the HCV replicon assay in vitro. No in vivo resis-
tance data for NM283 are available yet, but it was shown
that the 2’-C-methyl-nucleoside NM107 is susceptible
to resistance development, as shown in replicon systems
and isolated polymerase assays. Sequence analysis of
the HCV NS5B gene of several drug-resistant replicons
defined a single replacement of the highly conserved
serine 282 with threonine (S282T) that confers resis-
tance to nucleosides containing 2’-methyl functionality.
Results of phase 1/phase 2 studies with the HCV NS5B
RNA polymerase inhibitor valopicitabine (NM283)
showed a decrease in the HCV-RNA concentration of 1
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to 2 log,, HCV-RNA IU/mL in the treatment of naive
patients or IFN-a nonresponders [1]. Interim analysis of
ongoing studies also showed improved treatment effi-
cacy for combination therapy with NM283 and PEG-
IFN. However, no improvement of sustained virologic
response rates for naive or non-responder patients was
demonstrated in these studies. In addition, significant
gastrointestinal side effects have been reported and the
further development of NM?283 was stopped recently.

HCV-769 is a non-nucleoside inhibitor of the HCV
RNA-dependent RNA-polymerase. It demonstrated ini-
tial rapid antiviral activity with approximately 2 log
declines of HCV-RNA concentrations in treatment-naive
patients with HCV infection during a 14-days study.
Subsequent increases of plasma HCV-RNA levels dur-
ing HCV-796 monotherapy appear to be associated with
selection of viral variants with reduced susceptibility to
the inhibitor. The major variant expresses a C316Y sub-
stitution in NS5B, and remains susceptible to interferon
and ribavirin in vitro. Phase 2 clinical studies with com-
bination therapy with PEG-IFN and ribavirin have been
stopped due to significant increases in transaminase lev-
els in patients treated with HCV-796.

R1626, the oral prodrug of 4’-acido-cytidine (R1479),
is another nucleoside inhibitor of the HCV NS5B poly-
merase, currently in development. In a phase I study
R1626 monotherapy greater viral reductions than those
described for other polymerase inhibitors were observed
in patients with chronic genotype 1 hepatitis C. With the
highest dose (4,500 mg BID) a mean decline of 3.7 log
HCV-RNA ITU/mL within 2 weeks of treatment was
reported. A significant drop in hemoglobin levels was
observed especially with the highest dose, and a phase 11
study with a lower dose in combination with PEG-
interferon alfa 2a and ribavirin was initiated.

Taken together, only limited data on HCV poly-
merase inhibitors are available today. So far, the antivi-
ral activity of the drugs tested in patients with chronic
hepatitis C seems to be generally weaker than that of
several HCV protease inhibitors, but this may be over-
come by increased specificity and higher doses of
HCV polymerase inhibitors.

Drugs Specifically Directed Against Viral RNA
Compounds which are directed specifically against

viral RNA are inhibitors of the internal ribosome entry
site (IRES), antisense-oligonucleotides and ribozymes.

Inhibitors of the Internal Ribosome Entry Site

Translation of HCV-RNA starts after ribosomes bind
at the internal ribosome entry site (IRES) which is
located in the 5’NTR. By contrast, translation of cel-
lular mRNA is cap-dependent.

A short RNA (inhibitor RNA, iRNA), isolated from
Saccharomyces cerevisiae, inhibits the cap-independent,
IRES-mediated translation of several viruses. The iRNA
has no effect on cap-dependent translation of cellular
mRNAs [19]. These iRNA seems to inhibit translation
not via antisense mechanisms but through binding at cer-
tain cellular proteins. The iRNA probably has a stable
secondary structure which complies with the viral 5’NTR
partly. VGX-410C (VGX Pharmaceuticals) represents
the first drug in the class of HCV IRES inhibitors. Itis an
orally active, small-molecule drug. VGX-410C sup-
presses HCV translation and blocks the HCV replication
process. As all the genotypes of HCV use the same path-
way, this drug target should be effective for all HCV
genotypes. After a phase II study dvelopement of VGX-
410C was discontinued due to insufficient efficacy.

Antisense-Oligodeoxynucleotides

Antisense-oligodeoxynucleotides (ODNs) are small,
single-stranded DNA molecules complementary to
specific sequences in viral RNA or DNA. They have
shown great efficacy in selective inhibition of gene
expression [25]. They can be targeted at elements criti-
cal for the translation of genes, resulting in translation
arrest. The main mechanism of inhibition at RNA
viruses involves induction of RNase H activity capable
of cleaving RNA in RNA-DNA hybrids (Fig. 63.24).
Natural A-ODNs without alteration of the structure are
quickly degraded by nucleases present in serum.
Chemical modifications confer nuclease resistance.
Therefore, oxygen in the phosphate residue is replaced
by sulphur, methyl or benzyl residues (S-ODN,
M-ODN, B-ODN).

Capable target sequences for A-ODNs are highly
conserved RNA sections like the 5’NTR region of the
hepatitis C virus. 5’NTR and core region complemen-
tary antisense-oligodeoxynucleotides (mostly S-ODN5s)
can inhibit translation and replication of the hepatitis C
virus to 80 — 96% in vitro.

A 20-base phosphorothioate antisense oligodeoxy-
nucleotide (ISIS 14803, ISIS Pharmaceutical/Elan) for
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treatment of chronic hepatitis C was under investiga-
tion in phase I/II studies. In preclinical studies the sub-
stance led to specific reduction of HCV-RNA in cell
culture. Since 1999, first antisense-oligonucleotides
have been approved in Europe for treatment of CMV-
retinitis in AIDS patients (Formivirsen, Vitravene, ISIS
Pharmaceuticals).

Ribozymes

Specially built ribozymes target highly conserved
regions within the hepatitis C genome. It is important
that the target sequence for the ribozyme is single-
stranded in vivo to avoid intramolecular hybridising.
Moreover, the target sequence should be sterically well
accessible. Suitable target sequences in HCV are the
internal ribosome entry site in the S’NTR region or the
core gene. The HCV genome possesses only one open
reading frame. Thus, inhibition of the internal ribo-
some entry site could inhibit the complete protein
expression. Initial studies showed efficient catalytic
activity of hammerhead-ribozymes cleaving HCV-
RNA in vitro. In human HCV infected hepatocytes,
(adenoviral-)expressed ribozymes reduced or even
eliminated HCV-RNA.

Anuclease-resistanthammerhead-ribozyme directed
against the 5’NTR was developed by Ribozyme
Pharmaceuticals (LY 466700, Heptazyme™). An accu-
mulation in murine hepatocytes and sinus endothelial
cells was shown. Cell cultures with HCV-5’NTR-polio
virus-chimera exhibit inhibition of replication of more
than 90%. Clinical studies were halted due to toxic side
effects in primates.
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63.2 Pathology of Acute and Chronic
Viral Hepatitis

The hepatic response to viral infection, particularly by
the hepatitis viruses A-E, is predominantly immuno-
logically mediated and characterized pathologically by
hepatocellular damage accompanied by infiltrates of
immune effector cells [27]. This response has been
well characterized morphologically following the
onset of the acute hepatitis and later, if chronic viral
infection ensues [53]. The diagnosis of acute viral hep-
atitis is usually established serologically and only
rarely by biopsy. In contrast, for chronic viral hepatitis
the liver biopsy has historically been considered the
“gold standard” for direct morphological assessment
of the degree of parenchymal injury and inflammation,
and the potential complications of fibrosis or cirrhosis.
Several classification systems for chronic hepatitis are
now available to express this information in semiquan-
titative form, providing separate scores for the grade
of necroinflammation and for the stage of fibrosis or
cirrhosis [10]. The recent advent of non-invasive sur-
rogate tests for necroinflammation and fibrosis (or cir-
rhosis) in chronic hepatitis has also been predicated on
having morphologic data against which to evaluate the
specificity and sensitivity of such tests [11, 31, 35].

Fig. 63.27 Acute viral
hepatitis. There is diffuse
inflammation involving the
portal tract (PT) and the
lobular parenchyma. Lobular
disarray is present due to
interruption of liver-cell
plates by mononuclear cells
(predominantly lymphocytes)
in combination with variable
hepatocyte ballooning. C.
central vein. Inset: Higher
magnification showing
ballooned hepatocytes (long
arrow) and apoptotic bodies
(short arrows). (Hematoxylin
and eosin stain)

General Features of Acute Viral Hepatitis

In full-blown acute viral hepatitis the liver is grossly
enlarged and swollen owing to the influx of immune
cells and varying degrees of liver-cell ballooning.
Microscopically there is diffuse inflammation involving
portal tracts and the lobular parenchyma (Fig. 63.27).
Expression of viral antigens on hepatocytes in the con-
text of major histocompatibility antigens provokes a pri-
mary cytotoxic T-lymphocyte (CTL) response mediated
by CDS-positive suppressor/cytotoxic lymphocytes.
These infiltrating small T-lymphocytes along with scat-
tered other effector cells, including occasional plasma
cells and eosinophils, are found within portal tracts as
well as within the sinusoids where they induce hepato-
cellular damage and death, thereby interrupting the nor-
mal orderly pattern of radiating cords of hepatocytes.
The resulting appearance is one of lobular disarray and
unrest, with lymphocytes closely apposed to hepatocytes
undergoing ballooning and apoptosis, a process termed
spotty necrosis. This is an active milieu of cytokine release
as well as granzyme-perforin and FAS-FAS ligand
activity [27, 56]. Kupffer cells engaged in phagocytosis
of dead hepatocytes accumulate within lobular necroin-
flammatory foci, their lysosomal ceroid constituents
staining tan-brown with hematoxylin and eosin (H&E)
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stain and purple-red with DPAS (diastase-pretreated peri-
odic acid-Schiff stain). Centrilobular regions often show
the most pronounced necroinflammation. Cholestasis
may be absent or minimal, or, as in certain cases of acute
hepatitis A and E, unusually prominent.

More severe forms of acute hepatitis may be associ-
ated with several types of confluent necrosis in which
foci of spotty necrosis merge to form contiguous
regions of inflammation, hepatocyte loss and paren-
chymal collapse. Such forms of confluent necrosis
include bridging hepatic necrosis (necrosis extending
between portal tracts or between portal tracts and cen-
tral veins), multilobular necrosis (extending between
adjacent lobules) and massive hepatic necrosis
(Fig. 63.28) [9]. The latter form is usually manifested
clinically as fulminant hepatitis and results in diffuse
loss of hepatic parenchyma and a grossly shrunken,
underweight liver with a wrinkled capsule due to the
loss of underlying liver tissue. Reticulin staining is
helpful in demonstrating the extent of parenchymal
collapse. With multilobular and massive hepatic necro-
sis, activation of progenitor cells at the edges of portal
tracts leads to a prominent ductular reaction, some-
times referred to as proliferation of neocholangioles
(Fig. 63.29) [46]. Centrilobular and midzonal regions,
by contrast, are pale-staining and devoid of viable
hepatocytes, with scattered residual lymphocytes,

Fig. 63.28 Bridging hepatic
necrosis. A bridge of
confluent necrosis is present
(directly under the dashed
arrow), extending from the
portal tract (PT) toward the
central vein (CV).
(Hematoxylin and eosin stain)

ceroid-laden Kupffer cells and variable sinusoidal
endothelial disruption and erythrocyte extravasation.
The term submassive necrosis is applied to cases of
severe acute hepatitis with extensive confluent necro-
sis which progress over a more protracted clinical
course of sometimes several months. In these cases,
the liver is grossly underweight and shows broad areas
of parenchymal collapse alternating with regenerative
nodules and varied degrees of early fibrosis.

The major pathological differential diagnosis
includes drug hepatotoxicity and autoimmune hepati-
tis. Idiosyncratic liver damage due to a variety of drugs
can produce similar or identical changes to those seen
in acute viral hepatitis (e.g., isoniazid, nitrofurantoin,
alphamethyldopa) [23]. Herbal and alternative agents
as well as recreational drugs should also be considered
in this category [52]. Excessive numbers of eosinophils,
formation of non-caseating granulomas, bile duct dam-
age and steatosis are additional features which may
point specifically to drug causation. Although autoim-
mune hepatitis may occasionally present with the histo-
pathological changes of an acute hepatitis, it more often
is associated with the pathological features of chronic
hepatitis evolving toward cirrhosis. Nevertheless, cer-
tain features reflecting the inherently chronic nature of
autoimmune liver injury may be visible. Prominence of
inflammation not only within portal tracts but also
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Fig. 63.29 Massive hepatic
necrosis. There is complete
loss of liver parenchyma
from the edge of the portal
tract (PT) to the central vein
(CV), with only residual
sinusoidal endothelium and
inflammatory cells visible.
Note the prominent periportal
proliferation of bile ductular
structures (ductular reaction)
from progenitor cells
(arrows). (Hematoxylin and
eosin stain)

eroding into the periportal parenchyma as interface
hepatitis is a helpful finding. Regenerative liver-cell
rosettes may also form in the periportal regions affected
by interface hepatitis. Prominence or predominance of
plasma cells in clusters within the portal and periportal
infiltrates and within the lobules is also characteristic of
autoimmune liver disease. Transformation of hepato-
cytes into multinucleated giant cells is an unusual find-
ing in adults (“postinfantile giant cell hepatitis”) and in
the pathological setting of an acute hepatitis is another
indication for exclusion of autoimmune hepatitis [19].

General Features of Chronic Viral
Hepatitis

Chronic hepatitis is defined as inflammation of the
liver continuing without improvement for 6 months
or longer [34]. The time frame for observation of the
histopathological changes of chronic hepatitis is usu-
ally years to decades after the initial acute viral hepati-
tis. The inflammation, hepatocellular injury and
potential fibrosis (or cirrhosis) vary considerably from
case to case [28]. In some instances the activity is
minimal, with only sparse lymphocytes within portal

tracts and a few scattered lobular apoptotic bodies
(Fig. 63.30a). Other cases with more substantial (mild,
moderate or marked) activity show denser portal tract
infiltrates of lymphocytes with scattered plasma cells
and a few eosinophils, with extension of the infiltrates
into the periportal regions, a process formerly called
piecemeal necrosis, now termed inferface hepatitis
(Fig. 63.30b) [16, 30]. Close inspection of regions of
interface hepatitis typically show lymphocytes and
plasma cells closely apposed to or replacing the peri-
portal hepatocytes, and apoptotic bodies are sometimes
evident. If interface hepatitis is identified, such regions
require further examination with connective tissue
stains (trichrome and reticulin methods) in order to
determine whether or not fibrosis has developed at
these sites. Hepatocytes in periportal regions may
become oncocytic, appearing highly eosinophilic and
granular due to mitochondrial hyperplasia [37].
Periportal fibrous scarring associated with inter-
face hepatitis often emerges in tandem with a ductular
reaction (proliferation of bile ductular structures)
derived from periportal progenitor cells, as has been
demonstrated in chronic hepatitis C [13, 21]. This
ductular reaction can be highlighted by immunostain-
ing for cytokeratin 7 since the ductular structures bear
the cytokeratin 7-positive biliary immunophenotype.
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Fig. 63.30 Grades of necroinflammatory activity in chronic
hepatitis. (a) Minimal activity, with inflammation confined to
the portal tract at center, with quiescent lobular parenchyma. (b)
Mild activity, with a focus of interface hepatitis (arrow).
(¢) Moderate activity, with multiple foci of periportal interface
hepatitis (arrows). (d) marked activity, with circumferential

Lymphoid structures, including lymphoid aggregates
and lymphoid follicles with germinal centers may also
form within portal tract connective tissue, frequently
near bile ducts or surrounding them [40]. Lymphoid
aggregates and follicles are seen most often in chronic
hepatitis C, though they less frequently are present in
chronic hepatitis B and autoimmune hepatitis.

The lobular activity in chronic viral hepatitis is usually
much less prominent than in acute hepatitis. This activ-
ity is typified by scattered foci of necroinflammation
with gaps in the liver-cell plates where intrasinusoidal
clusters of lymphocytes, several Kupffer cells and a
few apoptotic bodies or apoptotic fragments are local-
ized. Variable hepatocyte ballooning is seen. In some
cases the lobular unrest is disproportionately high in

interface hepatitis at the edges of a cirrhotic nodule. There is
also marked activity within the center of the parenchymal
nodule. The majority of the hepatocytes in this nodule have
undergone oncocytic change and are deeply eosinophilic. PT =
portal tract. (All panels, hematoxylin and eosin stain)

comparison to relatively sparse portal inflammation, a
lesion originally called “chronic lobular hepatitis™ [43].
Flares of lobular activity may accompany increases in
serum aminotransferases in exacerbations of the
immune response to the underlying chronic viral infec-
tion. Alternatively, excessive lobular necroinflamma-
tion may signify reactivation of previously quiescent
known or occult chronic viral infection with resultant
active viral replication (e.g., following chemotherapy
or immunosuppression), or, in the case of chronic
hepatitis B, clearance of serum HBeAg with the devel-
opment of antibody to HBeAg (HBeAg-to-anti-HBe
transition) or superimposed delta virus (HDV) infec-
tion. Bridging hepatic necrosis, multilobular necrosis
or even massive hepatic necrosis may develop if the
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chronic hepatitis is particularly severe.

Foci of hepatocellular atypia designated liver-cell
dysplasia (LCD) may arise in the setting of chronic
viral hepatitis. The most frequently found type of LCD
was first described in chronic hepatitis B virus carriers
and features enlarged hepatocytes with nuclear abnor-
malities, including hyperchromatism, prominent nucle-
oli and chromatin, multinucleation, multiple nucleoli
and vesicular pseudo-inclusions (Fig. 63.31) [2]. Large
cell dysplasia or large cell change, as this has been des-
ignated, is associated with a greatly increased risk of
hepatocellular carcinoma, though its status as a direct
“pre-neoplastic” lesion is controversial [36, 41]. A sec-
ond type of LCD designated small cell dysplasia (with
atypical nuclei in small hepatocytes) is considered by
many to be a direct precursor lesion [59]. As is evident
from the preceding discussion, a given liver biopsy
specimen in chronic viral hepatitis requires evaluation
of the many components of the necroinflammatory
response, including the degree of portal, periportal and
lobular inflammation as well as the type and severity of
hepatocellular changes.

Architectural alterations in chronic hepatitis stem
from the development of varied degrees of portal and
periportal fibrosis combined with regenerative hyper-
plasia of periportal hepatocytes. Activation of hepatic

Fig.63.31 Liver-cell
dysplasia, large cell type
(large cell change).
Compared to the non-
dysplastic hepatocytes from
the same case shown in the
inset, large cell dysplasia
shows enlarged hepatocytes
with multiple nuclei and
prominent nucleoli (arrows)
and intranuclear vesicular
inclusions (V). (Hematoxylin
and eosin stain)

stellate cells and portal myofibroblasts may cause an
overall increase in portal connective tissue, irregular
stellate periportal scars, bridging fibrous septa link-
ing portal tracts, or diffuse fibrosis circumscribing
cirrhotic regenerative nodules (Fig. 63.32) [22, 45].
The process of hepatic fibrogenesis is relatively slow,
and potentially subject to dissolution through the
activity of tissue matrix metalloproteinases, even
with regression of cirrhosis in some cases [51, 54].

Pathology of Specific Hepatitis Viruses

The features of acute and chronic viral hepatitis
described earlier show broad similarities among the
hepatitis viruses. However, certain morphologic fea-
tures help distinguish among these agents.

Hepatitis A Virus (HAV)

Since HAV results only in acute hepatitis, the uncom-
plicated case results in the generic changes of an acute
hepatitis. However, two common patterns have been
cited. The first is characterized by periportal interface
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Fig. 63.32 Stages of fibrosis in chronic hepatitis. (a) Stage 1
(minimal fibrosis) shows expansion of the portal connective tis-
sue in a rounded mass. (b) Stage 2 (mild fibrosis) shows irregu-
lar stellate periportal fibrosis. (¢) Stage 3 (moderate fibrosis
with architectural distortion) shows extensive bridging fibrosis

hepatitis with prominent plasma cells, thereby resem-
bling aspects of autoimmune hepatitis. The second is a
cholestatic hepatitis with perivenular cholestasis and
minor or no liver-cell necrosis (Fig. 63.33) [1, 55]. The
two patterns may be combined. Fibrin-ring granulo-
mas have also been reported in hepatitis A [60].

Hepatitis B Virus (HBV)

Acute hepatitis B resembles other forms of viral hepa-
titis histopathologically. The rapidity of immune elim-
ination of virus-infected cells in the acute disease
typically results in negative immunostaining for either
hepatitis surface or core antigens.

and early regenerative nodules, without a fully developed cir-
rhosis. (d) Stage 4 (cirrhosis) demonstrates regenerative nod-
ules entirely circumscribed by fibrosis. (a, b and d: trichrome
stain; ¢: reticulin stain)

Chronic hepatitis B, on the other hand, has a num-
ber of distinctive features. The ground-glass cytoplas-
mic inclusions seen on hematoxylin and eosin stain
within hepatocytes reflect surface antigen (HBsAg)
protein synthesized in the endoplasmic reticulum
(Fig. 63.34) [26]. These pale pink, homogeneous
inclusions resembling “frosted glass” may occupy
nearly the entire cell, or portions of the hepatocyte
cytoplasm, and frequently appear separated from the
cell membrane by an empty space. The distribution
of such inclusions varies considerably; in some cases
only focal inclusions can be identified, while in others
numerous inclusions are found, sometimes in adjacent
clusters of hepatocytes. The inclusions can be stained
with either Shikata’s orcein stain or with the Victoria
blue method as well as by specific immunoperoxidase
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Fig. 63.33 Acute hepatitis A.
Cholestasis is prominent

near the central vein (CV),
with bile present in hepato-
cytes (double arrow), within
bile canaliculi (single arrows)
and within sinusoidal
Kupffer cells, seen to the left
of the vein. (Hematoxylin
and eosin stain)

techniques (Fig. 63.34) [50]. With active viral replica-
tion core antigen (HBcAg) can be immunohistochemi-
cally identified within hepatocyte nuclei (in some cases
also within the cytoplasm) and on H&E stain some-
times renders a pale blue homogeneous nuclear appear-
ance described as “sanded nuclei” (Figs. 63.34d and e)
[7]. Immunostain methods for early antigen (HBeAg)
and for X antigen (HBXAg) are also available, the
former, like HBcAg, consistent with viral replication,
while the latter is associated with integration of HBV
genome into the host genome [12, 58].

The routine histopathology of chronic hepatitis B
spans the entire spectrum of possible changes seen in
chronic hepatitis, from minimal portal tract and lobular
inflammation to extensive portal and periportal inter-
face and lobular hepatitis and evolution to cirrhosis. In
children and younger individuals who acquired HBV
infection by vertical transmission, inflammation and
hepatocellular damage is often minimal or mild in the
early years. Chronic HBV carriers with superimposed
HDV infection show worsening of lobular and peripor-
tal changes (see Hepatitis D Virus, below).

In the setting of liver transplantation for HBV-
related liver disease, recurrence of HBV infection in
the allograft may show several morphologic patterns.
In most cases, early recurrence is evident in the form
of a lobular hepatitis with little portal inflammation.

By 6 months or later the characteristic portal or portal
and periportal inflammatory pattern of chronic hepati-
tis B becomes re-established. An unusual pattern of
disease termed “fibrosing cholestatic hepatitis” devel-
ops due to immunosuppression in a minority of graft
recipients with resultant graft failure, sometimes within
several months of transplantation [15]. Serum HBV
DNA titers are high and there is unchecked viral repli-
cation within the liver, as evidenced by extensive
immunostain positivity for HBcAg. Severe cholestasis
and hepatocyte ballooning, extensive ground-glass
inclusions within hepatocytes, periportal fibrosis and a
prominent ductular reaction (highlighted with immu-
nostain for cytokeratin 7) are the chief morphologic
changes. Similar changes may also occur in cardiac or
renal graft recipients with underlying chronic hepatitis
B. A related immunosuppression lesion, “steatoviral
hepatitis”, with cytopathic damage by marked HBV
replication results in extensive liver-cell ballooning
accompanied by large droplet steatosis [42].

Hepatitis C Virus (HCV)

The pathologic features of chronic hepatitis C are well
described, including the predilection for formation of
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Fig.63.34 Chronic hepatitis B. (a) Numerous ground-glass cyto-
plasmic inclusions are present in hepatocytes, representing hepa-
titis B surface antigen. (b) Intracellular inclusions are positive on
orcein stain. (¢) immunostain for hepatitis B surface antigen dem-
onstrates positive cytoplasmic inclusions. (d) immunostain for

lymphoid structures (lymphoid aggregates and/or fol-
licles) within portal tracts (Fig. 63.35) [3, 20, 39, 49].
These B-cell containing structures are readily recog-
nized because of their density (in contrast to the more
dispersed lymphoid cells in the remainder of the portal
tract connective tissue) and by their proximity to inter-
lobular bile ducts [40]. Large droplet steatosis in hepa-
tocytes is also often present, either because of infection
with genotype 3 (wherein the HCV core protein inter-
feres with lipoprotein assembly and secretion) or
because of other risks for fatty liver disease such as
insulin resistance, obesity or ethanol use [8]. Damaged
bile ducts may be present, although they are relatively
infrequent in comparison to steatosis or lymphoid
aggregate/follicle formation and, unlike primary biliary

hepatitis B core antigen shows many positive hepatocyte nuclei
and cytoplasmic positivity in a single cell at upper right. (e) “sanded
nuclei” (arrows) with pale nuclear staining contain hepatitis B
core particles. (a and e: hematoxylin and eosin stain; panel b:
orcein stain; panels ¢ and d: specific immunoperoxidase)

cirrhosis, are not usually associated with duct destruc-
tion. In many cases the necroinflammation is mild, with
immune cells confined within portal tracts or with only
mild foci of interface hepatitis. The lobular activity of
chronic hepatitis C is typically in the form of scattered
apoptotic bodies with random necroinflammatory foci
(Fig. 63.35). As with chronic hepatitis B, the entire
spectrum of chronic hepatitis, including fibrosis and
cirrhosis may be seen with chronic hepatitis C. The
lack of a uniformly reproducible commercial immu-
nostain for HCV in paraffin-embedded samples has
impaired diagnostic use of immunohistochemistry for
chronic hepatitis C, although selective use of specially
prepared monoclonal antibodies with and without fro-
zen sections has been reported [24].
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Fig. 63.35 Chronic hepatitis C. (a) A characteristic lymphoid
aggregate (LA) is seen within the portal tract, surrounding a bile
duct. An apoptotic body and focal inflammation are seen in the
parenchyma (arrow). (b—d) The specific lymphocyte subpopula-
tions constituting lymphoid aggregates in chronic hepatitis C are
shown with specific immunoperoxidase staining. (b) A dense

Recurrent disease following liver transplantation is
characterized in early months by lobular activity and
excessive numbers of apoptotic bodies, with later
months bringing the characteristic portal tract inflam-
matory cell infiltrates [25, 47]. Lymphoid structures in
portal tracts may form relatively early, even within the
first few months. Distinguishing recurrent chronic hep-
atitis C from acute cellular rejection of the allograft is a
common diagnostic dilemma, since bile duct damage is
a shared feature of both processes. However, the pres-
ence of portal lymphoid aggregates and periportal inter-
face hepatitis, lobular activity with apoptotic bodies,
absent or only sparse bile duct damage and relatively

core of B cells is highlighted with immunostain for CD20 (c);
CDS8-positive suppressor/cytotoxic T cells are highlighted in the
area surrounding the B cell region (outside the dashed circle);
(d) areas of interface hepatitis (IH) feature predominantly CD4
helper T cells. (a: hematoxylin and eosin; b—d: specific immu-
noperoxidase for CD 20, CD8 and CD4)

homogeneous lymphoplasmacytic infiltrates (compared
to the more pleomorphic, sometimes eosinophil-rich
infiltrates of rejection) and absence of classical diffuse
portal vein and/or central vein endotheliitis point to
recurrent chronic hepatitis C [18]. A minority of cases
of recurrence show pronounced cholestasis and hepato-
cellular ballooning with a pattern of periportal fibrosis
and ductular reaction closely resembling fibrosing
cholestatic hepatitis B (though without ground-glass
inclusions) (Fig. 63.36) [17]. This pattern is associated
with very high serum HCV RNA titers. This pattern has
also been reported in HCV-positive recipients of car-
diac and renal allografts.
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Fig. 63.36 Fibrosing
cholestatic hepatitis C after
liver transplantation. This
form of recurrent hepatitis C
shows prominent prolifera-
tion of bile ductular
structures at the edges of
portal tracts (PT) with
extensive hepatocyte
ballooning (short arrows) and
intracellular cholestasis.
(Hematoxylin and eosin
stain). Inset: Immunostain for
cytokeratin 7 demonstrates
the prominent ductular
reaction in the periportal
region surrounding the portal
tract (PT). (Specific
immunoperoxidase)

Hepatitis D Virus (HDV)

Features of acute and chronic HDV infection encom-
pass the generic spectrum of changes described ear-
lier for acute and chronic viral hepatitis. Both
interface hepatitis and lobular activity tend to be high
in chronic hepatitis D. Microvesicular steatosis may
be present in some cases [38, 44]. Immunostain for
HDAg, like HBcAg, demonstrates nuclear positivity.
Hepatocyte nuclei containing HDAg may show the
“sanded” appearance seen with HBV intranuclear
core antigen.

Hepatitis E Virus (HEV)

The acute disease may demonstrate typical diffuse
portal tract and lobular changes of acute viral hepatitis,
or a cholestatic form with bile canalicular cholestasis
and cholestatic liver-cell rosettes predominating,
sometimes with neutrophils admixed in the inflamma-
tory infiltrates [57]. This form is histologically similar
to cholestatic acute hepatitis A.

Grading and Staging
of Chronic Hepatitis

The pathologic diagnosis of chronic hepatitis has tradi-
tionally relied on descriptive terms to convey the degree
of inflammation and hepatocellular damage as well as
the presence of fibrosis or cirrhosis in liver specimens.
Diagnostic formulations such as “chronic hepatitis C
with mild activity and mild periportal fibrosis” or
“chronic hepatitis B with marked activity and developing
cirrhosis” are examples. During the past 50 years since
Menghini popularized the use of percutaneous needle
biopsies in the evaluation of liver disease, classification
systems for chronic hepatitis have evolved [10, 16]. The
current practice of semi-quantitative scoring to provide a
numerical grade of necroinflammation and stage of fibro-
sis (or cirrhosis) has certain advantages for the purpose
of antiviral drug trials, assessment of therapeutic response
and comparison between interval liver biopsies in a per-
son with chronic viral hepatitis. This type of scoring
assigns progressively increasing numbers to increasing
degrees of severity, usually ranging from O to 4. The first
semi-quantitative scoring system developed by Knodell
and colleagues in 1981 provided a total histological
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Table 63.9 A simple system for scoring necroinflammatory
activity in chronic hepatitis

Grade Portal/periportal activity — Lobular activity

0 None or minimal None

1 Portal inflammation Inflammation
(CPH) but no necrosis

2 Mild piecemeal Focal necrosis
necrosis (mild CAH) or acidophil bodies

3 Moderate piecemeal Severe focal
necrosis (moderate cell damage
CAH)

4 Severe piecemeal necrosis Damage includes
(severe CAH) bridging necrosis

A score of 0 for portal activity and 2, 3 or 4 for lobular activity
corresponds to the current category of chronic lobular hepatitis
(CLH)

Source: Reproduced from [48]. With permission from Elsevier
and the European Association for the Study of the Liver.
Piecemeal necrosis is now designated “interface hepatitis”. CPH
chronic persistent hepatitis; CAH chronic active hepatitis.

activity index (HAI), a score which incorporated both the
degree of necroinflammation and the degree of fibrosis
or cirrhosis in a given specimen [32]. Other systems have
included the Scheuer method, Batts and Ludwig system,

Table 63.10 A scoring system for fibrosis and cirrhosis

Grade Fibrosis

1 None

2 Enlarged, fibrotic portal tracts

3 Periportal or portal-portal septa but intact architecture

4 Fibrosis with architectural distortion but no obvious
cirrhosis

5 Probable or definite cirrhosis

Alternatively, cirrhosis can be separately scored from fibrosis,
into the following categories: probably absent; developing; sus-
pected; present; cannot be assessed.

Source: Reproduced from [48]. With permission from Elsevier
and the European Association for the Study of the Liver

METAVIR systems, and a modified HAI developed by
Ishak et al. (Tables 63.9 and 63.10 ; see also Chapter
29) [4, 5, 6,29, 48]. Each system has its advocates, and
individual centers have adopted one or another of these
as best suits both clinical and research needs. One of
the best graphic depictions of the principles of grading
and staging is found in the publication by Batts and
Ludwig (Figs 63.37 and 63.38) [4]. Histopathologic
examples are shown in Figs. 63.30 and 63.32.

Fig. 63.37 Batts and Ludwig grading of chronic hepatitis.
Schematic diagram. (a) Minimal activity (grade 1) with mild
portal inflammation but scant piecemeal necrosis and no lobular
necrosis. (b) Mild activity (grade 2) with mild portal inflamma-
tion, piecemeal necrosis, and scant lobular spotty necrosis.
(¢) Moderate activity (grade 3) with moderate portal inflamma-
tion, piecemeal necrosis, and lobular spotty necrosis. (d) Severe

activity (grade 4) with marked portal inflammation, brisk piece-
meal necrosis, considerable spotty necrosis, and areas of conflu-
ent necrosis resulting in bridging. When discrepancies exist
between piecemeal and lobular necrosis, the more severe lesion
should determine the grade. Reproduced from [4]. With permis-
sion of the American Journal of Surgical Pathology)
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Fig. 63.38 Batts and
Ludwig staging of chronic
hepatitis. Schematic diagram.
(a) Portal fibrosis (stage 1)
characterized by mild fibrous
expansion of portal tracts.
(b) Periportal fibrosis (stage
2) showing fine strands of
connective tissue in zone 1
with only rare portal-portal
septa. (c) Septal fibrosis
(stage 3) manifested by
connective tissue bridges that
link portal tracts with other
portal tracts and central
veins, minimally distorted
architecture, but no
regenerative nodules.

(d) Cirrhosis (stage 4)
showing bridging fibrosis
and nodular regeneration.
Reproduced from [4]. With
permission of the American
Journal of Surgical
Pathology)

Several caveats should be borne in mind in consider-
ing semi-quantitative grading and staging in chronic
viral hepatitis. First, the liver sample must be an ade-
quate size and representative of changes presumed to be
present throughout the liver [50]. For percutaneous nee-
dle biopsies this is now widely accepted as a 2.0cm
length biopsy core which includes a minimum of 11
portal tracts [14]. Second, at a given institution, the sys-
tem adopted should be used by a single pathologist or
several pathologists who are thoroughly versed in the
scoring methods (so as to minimize the incidence of
inter- and intra-observer variations). Clinicians at indi-
vidual centers must also understand the information
conveyed in the specific system. Third, the scores gener-
ated by grading and staging are categorical data rather
than absolute measurements (such as enzyme activities
obtained in serum tests for alanine aminotransferase or
alkaline phosphatase) and should be evaluated with sta-
tistical methods appropriate for this type of data [33].

References

1. Abe H, Beninger PR, Ikejiri N, et al (1982) Light microscopic
findings of liver biopsy specimens from patients with hepa-
titis type A and comparison with type B. Gastroenterology
82: 93847

10.

11.

12.

13.

. Anthony PP, Vogel CL, Barker LF (1973) Liver cell dyspla-

sia: a premalignant condition. J Clin Pathol 26: 217-23

. Bach N, Thung SN, Schaffner F (1992) The histological fea-

tures of chronic hepatitis C and autoimmune chronic hepati-
tis: a comparative analysis. Hepatology 15: 572-7

. Batts KP, Ludwig J (1995) Chronic hepatitis. An update on

terminology and reporting. Am J Surg Pathol 19: 1409-17

. Bedossa P, Bioulac-Sage P, Callard P, etal (1994) Intraobserver

and interobserver variations in liver biopsy interpretation in
patients with chronic hepatitis C. Hepatology 20: 15-20

. Bedossa P, Poynard T, the METAVIR cooperative study

group (1996) An algorithm for the grading of activity in
chronic hepatitis C. Hepatology 24: 289-93

. Bianchi L, Gudat F (1976) Sanded in nuclei in hepatitis B:

eosinohilic inclusions in liver cell nuclei due to excess in
hepatitis B core antigen formation. Lab Invest 35: 1-5

. Bjornsson E, Angulo P (2007) Hepatitis C and steatosis.

Arch Med Res 38: 621-7

. Boyer JL, Klatskin G (1970) Pattern of necrosis in acute

viral hepatitis. Prognostic value of bridging (subacute
hepatic necrosis). N Engl J Med 283: 1063-71

Brunt EM (2000) Grading and staging the histopathological
lesions of chronic hepatitis: the Knodell histology activity
index and beyond. Hepatology 31: 241-6

Burroughs AK, Cholangitas E (2007) Non-invasive tests for
liver fibrosis: encouraging or discouraging results? J Hepatol
46: 751-5

Chu CM, Liaw YF (1992) Immunohistological study of
intrahepatic expression of hepatitis B core and E antigens in
chronic type B hepatitis. J Clin Pathol 45: 791-5

Clouston AD, Powell EE, Walsh MIJ, et al (2005) Fibrosis
correlates with a ductular reaction in hepatitis C: roles of
impaired replication, progenitor cells and steatosis. Hepatology
41: 809-18



732

63 Viral Infections by Hepatotropic Viruses

14.

15.

16.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Colloredo G, Guido M, Sonzogni A, et al (2003) Impact of
liver biopsy size on histological evaluation of chronic viral
hepatitis: the smaller the sample, the milder the disease.
J Hepatol 39: 239-44

Davies SE, Portmann BC, O’Grady JG, et al (1991) Hepatic
histological findings after transplantation for chronic hepati-
tis B virus infection, including a unique pattern of fibrosing
cholestatic hepatitis. Hepatology 13: 150-7

De Groote J, Desmet VJ, Gedigk P, et al (1968) A classifica-
tion of chronic hepatitis. Lancet 2: 626—8

. Delladetsima JK, Boletis JN, Makris F, et al (1999) Fibrosing

cholestatic hepatitis in renal transplant recipients with hepa-
titis C virus infection. Liver Transplant Surg 5: 294-300

. Demetris AJ, Eghtesad B, Marcos A, et al (2004) Recurrent

hepatitis C in liver allografts. Prospective assessment of
diagnostic accuracy, identification of pitfalls, and observa-
tions about pathogenesis. Am J Surg Pathol 28: 658-9
Devaney K, Goodman ZD, Ishak KG (1992) Postinfantile
giant-cell transformation in hepatitis. Hepatology 16:
327-33

Dienes HP, Popper H, Arnold W, et al (1982) Histologic
observations in human hepatitis non-A, non-B. Hepatology
2:562-71

. Eleazar JA, Memeo L, Jhang JS, et al (2004) Progenitor cell

expansion: an important source of hepatocyte regeneration
in chronic hepatitis. J Hepatol 41: 983-91

Friedman SL (2003) Liver fibrosis — from bench to bedside.
J Hepatol 38: S38-S53

Goodman ZD (2002) Drug hepatotoxicity. Clin Liv Dis 6:
381-98

Grassi A, Quarneti C, Ravaioli M, et al (2006) Detection of
HCYV antigens in liver graft: relevance tot eh management of
recurrent post-liver transplant hepatitis C. Liver Transplant
12: 1673-81

Guerrero RB, Batts KP, Burgart LJ, et al (2000) Earlly detec-
tion of hepatitis C allograft reinfection after orthotopic liver
transplantation: a molecular and histologic study. Modern
Pathol 13: 229-37

Hadziyannis S, Gerber MA, Vissoulis C, et al (1973)
Cytoplasmic hepatitis B antigen in “ground-glass” hepato-
cytes of carriers. Arch Pathol 96: 327-30

Herzel K, Sprinzl MF, Galle PR (2007) Hepatitis viruses:
live and let die. Liver Int 27: 293-301

Ishak KG (1994) Chronic hepatitis: morphology and nomen-
clature. Modern Pathol 7: 690-713

Ishak K, Baptista A, Bianchi L, et al (1995) Histological
grading and staging of chronic hepatitis. ] Hepatol 22: 696-9
Kerr JFR, Searle J, Halliday WI, et al (1979) The nature of
piecemeal necrosis in chronic active hepatitis. Lancet 2:
827-8

Kettaneh A, Marcellin P, Douvin C, et al (2007) Features
associated with success rate and performance of fibroscan
measurements for the diagnosis of cirrhosis in HCV patients:
a prospective study of 935 patients. J Hepatol 46: 628-34
Knodell RG, Ishak KG, Black WC, et al (1981) Formulation
and application of a numerical scoring system for assessing
histological activity in asymptomatic chronic active hepati-
tis. Hepatology 1: 431-5

Lagging LM, Westin J, Svensson E (2002) Progression of
fibrosis in untreated patients with hepatitis C virus infection.
Liver 22: 13644

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Leevy CM, Popper H, Sherlock S (eds) (1976). Diseases of
the Liver and Biliary Tract. Standardization of Nomenclature,
Diagnostic Criteria, and Diagnostic Methodology. U.S.
Government Printing Office, Washington, DC, p 9.

Leroy V, Hilleret M-N, Sturm N, et al (2007) Prospective
comparison of six non-invasive scores for the diagnosis of
liver fibrosis in chronic hepatitis C. J Hepatol 46: 775-82
Libbrecht L, Desmet V, Roskams T (2005) Preneoplastic
lesions in human hepatocarcinogenesis. Liver Int 25: 16-27
Lefkowitch JH, Arborgh BA, Scheuer PJ (1980) Oxyphilic
granular hepatocytes. Mitochondrion-rich liver cells in
hepatic disease. Am J Clin Pathol 74: 43241

Lefkowitch JH, Goldstein H, Yatto R, et al (1987) Cytopathic
liver injury in acute delta hepatitis. Gastroenterology 92:
1262-6

Lefkowitch JH, Schiff ER, Davis GL, et al (1993) Pathological
diagnosis of chronic hepatitis C: a multicenter comparative
study with chronic hepatitis B. Gastroenterology 104:
595-603

Mosnier J-F, Degott C, Marcellin P, et al (1993) The intraportal
lymphoid nodule and its environment in chronic active hepati-
tis C: an immunohistochemical study. Hepatology 17: 36671
Park YN, Roncalli M (2006) Large liver cell dysplasia: a
controversial entity. J Hepatol 45: 73443

Phillips MJ, Cameron R, Flowers MA, et al (1992) Post-
transplant recurrent hepatitis B viral liver disease. Viral-
burden, steatoviral, and fibroviral hepatitis B. Am J Pathol
140: 1295-308

Popper H, Schaffner (1971) The vocabulary of chronic hepa-
titis. N Engl J Med 284: 1154-6

Popper H, Thung SN, Gerber MA, et al (1983) Histologic
studies of severe delta agent infection in Venezuelan Indians.
Hepatology 3: 906—12

Ramadori G, Saile B (2004) Portal tract fibrogenesis in the
liver. Lab Invest 84: 153-9

Roskams T, Desmet V (1998) Ductular reaction and its diag-
nostic significance. Sem Diagn Pathol 15: 259-69

Saxena R, Crawford JM, Navarro VJ, et al (2002) Utililzation
of acidophil bodies in the diagnosis of recurrent hepatitis C
infection after orthotopic liver transplantation. Modern
Pathol 15: 897-903

Scheuer PJ (1991) Classification of chronic viral hepatitis: a
need for reassessment. J Hepatol 13: 3724

Scheuer PJ, Ashrafzadeh P, Sherlock S, et al (1992) The
pathology of hepatitis C. Hepatology 15: 567-71

Scheuer PJ, Lefkowitch JH (2006) Laboratory techniques.
In: Scheuer PJ, Lefkowitch JH (eds) Liver biopsy interpreta-
tion, 7th edn. Elsevier Saunders, Edinburgh, p 17.

Serpagii J, Carno F, Nalpas B, et al (2006) Direct and indi-
rect evidence for the reversibility of cirrhosis. Hum Pathol
37:1519-26

Stickel F, Patsenker E, Schuppan D (2005) Herbal hepato-
toxicity. J Hepatol 43: 901-10

Suriawinata AA, Thung SN (2006) Acute and chronic hepa-
titis. Semin Diagn Pathol 23: 13248

Terada T, Okada Y, Nakanuma Y (1996) Expression of
immunoreactive matrix metalloproteinases and tissue inhibi-
tors of matrix metalloproteinases in human normal livers
and primary liver tumors. Hepatology 23: 13414

Texeira MR, Weller IVD, Murray A, et al (1982) The pathol-
ogy of hepatitis A in man. Liver 2: 53—60



Hepatitis A to E. Epidemiology, Clinical Manifestations, Prevention and Therapy

733

56.

57.

58.

59.

60.

Tordjmann T, Soulie A, Guettier C, et al (1998) Perforin and
granzyme B lytic protein expression during chronic viral and
autoimmune hepatitis. Liver 18: 391-7

Uchida T (1992) Hepatitis E: a review. Gastroenterol Jpn 27:
687-96

Wang WL, London WT, Lega L, et al (1991) HbxAg in the
liver from carrier patients with chronic hepatitis and cirrho-
sis. Hepatology 14: 29-37

Watanabe S, Okita K, Harada T, et al (1983) Morphologic
studies of the liver cell dysplasia. Cancer 51: 2197-205
Yamamoto T, Ishii M, Nagura, et al (1995) Transient hepatic
fibrin-ring granuloma in a patient with acute hepatitis A.
Liver 15: 276-9

63.3 Hepatitis A to E. Epidemiology,
Clinical Manifestations, Prevention
and Therapy

The spectrum of viral hepatitis ranges from an unap-
parent infection to fulminant hepatic failure, from a
subclinically persistent infection to chronic progres-
sive liver disease ultimately resulting in liver cirrhosis
and hepatocellular carcinoma.

The diagnosis is based on a detailed history and on
the interpretation of laboratory parameters, such as
liver enzymes, serological and molecular biological
parameters. Additionally, a history regarding occupa-
tional and drug history, foreign travel, blood transfu-
sions, operations, tattoos, dental treatments, intravenous
drug use and sexual practices should be obtained. The
diagnosis is established by determining viral antigen
and antibody profiles in serum. In the acute phase of
the disease molecular biological techniques are of
major importance (see Section 63.1).

Histological examination of the liver is no longer
necessary to diagnose acute viral hepatitis. Ultrasound,
CT scanning and MRI are also not required to confirm
the diagnosis of acute hepatitis. Their primary impor-
tance lies in the follow up of chronic liver disease, the
detection of cirrhosis and signs of portal hypertension,
and especially in the early detection of focal liver lesions,
such as regenerative, dysplastic or neoplastic nodules.

If elevated aminotransferase levels fail to normalize
and liver injury persists 6 months after the onset of
acute hepatitis, a chronic hepatitis is evolving. In the
follow up of patients with chronic hepatitis liver biopsy
still is firmly established as the only method that allows
for grading and staging of the disease (see Chapter 29
and Section 63.2).

Chronic hepatitis is an etiologically multifaceted dis-
ease. Viral etiologies (HBV, HDV, HCV) must be distin-
guished from autoimmune causes (characterized by the
absence of viral markers and the presence of autoantibod-
ies in serum; see Chapter 72). Rarely, drug-induced liver
injury may result in chronic hepatitis (see Chapter 93).

Despite the development of sensitive assays for the
detection of hepatitis viruses, the etiology of acute hepa-
titis remains obscure in up to 20% of cases. Among the
non-(A-E) viruses suggested as causative agents of spo-
radic acute hepatitis were hepatitis GB virus C (GBV-C;
initially called hepatitis G virus), TT virus (TTV), and
SEN virus (a novel DNA virus distantly related to TTV).
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Recent evidence, however, suggests that GBV-C, TTV
and SENV are not responsible for the majority of spo-
radic acute non-(A-E) hepatitis cases. Thus the existence
of hitherto still unknown hepatitis agents must be postu-
lated as agents of sporadic acute hepatitis [15].

Hepatitis A
Epidemiology

Hepeatitis A occurs globally, and is among the most fre-
quent infections and the commonest causes of acute
hepatitis worldwide (Fig. 63.39). The disease is
endemic, with seroprevalance rates approaching nearly
100% in areas with relatively low socioeconomic stan-
dards, such as Africa, the Southeast Mediterranean,
the Middle East, Bulgaria, Romania, the former states
of the Soviet Union, India and large parts of South East
Asia and South America.

In many Western countries the acute disease and
death due to hepatitis A must be reported to the health
authorities. While in the past approximately 5,000—
6,000 new cases per year were reported in Germany, a

Anti-HAV Prevalence
B High

D High/Intermediate
D Intermediate

D Low

D Very Low

Fig. 63.39 Geographic distribution of hepatitis A virus infection

marked decrease of new infections has been observed
in the last years. Some 12-20 patients die from hepati-
tis A in Germany yearly. While in the developing
countries exposure to hepatitis A virus (HAV) and
infection followed by immunity occurs already in
childhood, in economically developed countries
improved hygienic and sanitation standards led to a
rapid decline of endemic infection (endemicity 2—-5%)
and to a change in the epidemiological profile. Hepatitis
A increasingly affects older adults, in whom it often
follows a more severe clinical course than in infants.
The low population immunity creates the potential for
epidemics resulting from food- and water-borne
transmission.

In the United States, the incidence rate of hepatitis
A has dramatically declined to historically low levels
during the past several years. With 7,700 reported
cases, the 2003 rate was the lowest recorded in 40
years of surveillance. Adjusting for underreporting
and asymptomatic infections, the estimated number of
new infections was 61,000 and the 2004 rate of 1.9
reported cases per 100,000 represented a further
decrease (Fig. 63.40) [3, 18].

HAV is relatively stable and remains infectious on
environmental surfaces for at least 1 month. It survives
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Fig. 63.40 Hepatitis A
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for extended periods in seawater, fresh water, wastewa-
ter, and soil. The virus is resistant to freezing, detergents,
and acids, but it is inactivated by formalin and chlorine
and by temperatures higher than 85°C (185°F).
Household bleach is sufficient to inactivate HAV.

Transmission of HAV is by the fecal-oral route,
either by direct contact with a person who is infected
with HAV or by ingestion of food or water that has
been contaminated with the virus. Contaminated food
is identified as the source of transmission for less than
5% of cases reported in the United States [6]. However,
foods imported from communities where transmission
of HAV remains common can be sources of exposure
and outbreaks of hepatitis A as a result of contamina-
tion caused during harvesting or processing [8, 19].
Transmission typically occurs when food is contami-
nated by an infected food-service worker at the point
of sale or service.

The main epidemiologic sources of HAV infection
in the USA are depicted in Fig. 63.41. The most com-
mon causes of HAV infection are personal contact with
infected persons and transmission in day care centers.
Children and infants can shed HAV for longer periods
than adults. Because even asymptomatic infected chil-
dren may shed HAV in their stools for up to 6 months,
infection in children often initiates and perpetuates
community-wide outbreaks. Chronic shedding of HAV
in feces does not occur.

Consumption of shellfish harvested from contami-
nated waters is a significant source of infection out-
side the United States. The acquisition of hepatitis A
through travel to endemic regions is epidemiologically

Year

important because of its impact on perpetuating infec-
tion in countries with a low incidence of HAV infec-
tion, such as Western Europe and the United States.

In the United States and Central Europe there is no
occupational risk for health care, child care, or food
service workers to acquire HAV infection.

The incubation period of viral hepatitis A is 15-50
days, with an average of 30 days. The virus replicates
only in hepatocytes and gastrointestinal epithelial
cells. During the late incubation period and the preict-
eric phase of the disease, viral particles are released
into blood and bile. HAV may be demonstrated in the
stool 1-2 weeks prior to the clinical onset of hepatitis.
Peak infectivity correlates with the greatest viral excre-
tion in the stool during the two weeks before the onset

Unknown 46 %

Sexual or household contact 14 %

International travel 5%

Men who have
sex with men 10 %

Injection drug use 6 %

Child/employee in day-care 2%

Food- or waterborne outbreak 4 %

Contact of daycare child/

Other 8 % employee 6 %

Fig. 63.41 Risk factors associated with reported hepatitis A in
the United States (1990-2000)
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of jaundice or elevation of aminotransferases. With
the appearance of jaundice, viremia, viral excretion in
stool, and infectivity decrease, despite the persistence
of HAV in the liver. Healthy adult patients are non-
contagious by 2—-3 weeks after the onset of illness, but
children and immunocompromised persons may
remain contagious for up to 6 months [3].

Due to viremia, which occurs soon after infection
and persists throughout the period of liver enzyme
elevation, parenteral transmission of HAV through
blood and blood products is possible. However, in clin-
ical practice the transmission of HAV by transfusion of
blood products collected during the viremic phase is
an exceedingly rare event.

Pathogenesis

Symptomatic hepatitis A is the clinical expression of
the destruction of liver cells by the host’s cell-medi-
ated immune response. HAV-specific CD8* T lym-
phocytes and natural killer cells mediate liver cell
death and may induce apoptosis. Direct cytopathic
effects of HAV play a minor role. Circulating anti-
HAV antibodies probably inhibit reinfection of hepa-
tocytes and, together with T cell dependent lysis of
infected hepatocytes, ultimately lead to elimination of
HAV infection. However, the precise pathophysio-
logic mechanisms operating in HAV infection are still
largely unknown.

Clinical Presentation

Symptoms and Signs

The presence and severity of symptoms in patients
with HAV infection is related to the patient’s age. Fifty
to 90% of children younger than 6 years of age with
acute hepatitis A remain asymptomatic, whereas 70%
of infected adults develop symptoms. More than 80%
of adults with hepatitis A are ill for up to 8 weeks. In
adult patients, approximately 1 week prior to the onset
of jaundice (preicteric phase), the disease begins with
non-specific constitutional and gastrointestinal symp-
toms, such as fever (38-39°C), malaise, headaches,
arthralgias, myalgias, anorexia, nausea, vomiting, and

disturbances of taste and smell sensation. Smokers
sense a passing aversion to nicotine. In children with
symptomatic HAV infection flu-like symptoms with
pharyngitis, cough, coryza and photophobia may
appear (Table 63.11). The icteric phase, which lasts
for 4-30 days, is heralded by bilirubinuria with dark-
ening of the urine followed within a few days by
acholic, pale, clay-colored stools and then by the
appearance of scleral icterus and skin jaundice. Upon
the development of jaundice the prodromal symptoms
usually subside. Fatigue, anorexia and slight nausea,
however, may persist causing a mild weight loss of
2.5-5kg. The patient complains of a dull sense of pres-
sure in the right upper quadrant caused by distention of
the liver capsule. He or she senses his or her liver
(““Organgefiihl”). In a substantial number of cases hep-
atitis A remains anicteric.

On physical examination there is moderate hepato-
megaly and tenderness over the liver with palpation. A
mild splenomegaly is present. Ten to 20% of patients
with acute hepatitis A have posterior cervical lymph-
adenopathy. Occasionally spider nevi may occur, but
disappear during convalescence. In patients with

Table 63.11 Symptoms and signs in acute viral hepatitis
* Fever 38-39°C

* Fatigue, adynamia

* Headache, arthralgias

* Pruritus

Constitutional symptoms

Gastrointestinal symptoms ° Decreased appetite

* Nausea and vomiting

» Mild weight loss (2.5-5kg)

* Disturbances of taste and
olfactory sense

* Right upper quadrant pain

Flu-like symptoms * Pharyngitis

* Coryza

* Cough

* Photosensitivity

* Scleral icterus and skin
jaundice

Jaundice

— Darkening of urine
— Discoloration of stool
Signs * Painful hepatomegaly
(stretching of liver
capsule)
* Mild splenomegaly
¢ Cervical lymphadenopathy
(10-20%)
* Spider nevi (rare)

Source: Adapted from [3]
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Table 63.12 Extrahepatic manifestations of hepatitis A virus
infection

Gastrointestinal findings  Acalculous cholecystitis

 Acute pancreatitis

Hematologic findings * Aplastic anemia

* Autoimmune hemolysis

* Autoimmune
thrombocytopenic purpura

* Hemolysis (in patients
with glucose-6-phosphate
dehydrogenase deficiency)

* Red cell aplasia

Neurologic findings ¢ Guillain-Barré syndrome
* Mononeuritis

* Mononeuritis multiplex
* Postviral encephalitis

* Transverse myelitis

* Acute tubular necrosis

* Interstitial nephritis

* Mesangial proliferative
glomerulonephritis

* Nephrotic syndrome

Renal findings

Other findings  Cutaneous leukocytoclastic
vasculitis
¢ Cryoglobulinemia

* Reactive arthritis

elevated temperature a relative bradycardia may be
observed. In some patients a mild and transient steator-
rhea may occur. Extrahepatic manifestations are rare
and are mainly observed in cholestatic or relapsing
hepatitis A (Table 63.12) [2].

Acute HAV infection during pregnancy is associ-
ated with a high risk of maternal complications and
preterm labor [5].

Laboratory Findings

In the acute phase, serum ALT and AST levels are
markedly elevated (ALT > AST; 500 to > 5,000U/L)
and return gradually to normal over several weeks. The
degree of aminotransferase elevation does not correlate
with the extent of liver injury. In jaundiced patients
serum bilirubin levels rise from 5 to 20mg/dL and
remain elevated despite falling aminotransferase levels.
Approximately 50% of bilirubin is conjugated, the
remainder is unconjugated. Provided a hemolytic ane-
mia has been excluded, sustained elevations of serum
bilirubin to values greater than 20 mg/dL are associated

with a more severe clinical course. Serum alkaline
phosphatase levels are normal or only slightly elevated.
As a rule, serum iron concentrations are elevated dur-
ing the acute phase of the disease, thought to mirror
hepatocyte injury with release of intracellular iron.
Despite the acute hepatic inflammation, inflammatory
markers such as CRP and ESR are typically normal,
since the synthesis of acute phase proteins is downreg-
ulated in the acutely inflamed liver (Table 63.13).

A transient neutropenia and lymphocytopenia are
often observed during the acute phase of hepatitis A,
followed by a relative lymphocytosis. Altered coagula-
tion parameters, especially a prolonged prothrombin
time, hint toward a serious prognosis, and are due to a
reduced synthetic capacity of the liver because of
extensive hepatocellular necrosis. During the acute
phase of the disease IgG and IgM are moderately ele-
vated in approximately 30% of patients. In some
patients a microhematuria and a mild proteinuria are
observed.

As in other acute viral infections, smooth muscle
antibodies, antibodies against cell nuclei or other cell
components, as well as low titre elevations of rheuma-
toid factor may occur. These changes are transient and
non-specific and must not be mistaken for autoimmune
hepatitis.

Diagnosis

The diagnosis of viral hepatitis A is suspected on
clinical grounds and confirmed by serologic meth-
ods (see Section 63.1). The symptoms described
above in a person having close personal contact with
an infected person, in men who have sex with men,
in individuals who have travelled to endemic areas,
in a person with contact to a child or employee in a
child care center, or in persons involved in a known
food-borne outbreak should arouse the suspicion of
hepatitis A.

The presumptive diagnosis is corroborated by
high serum aminotransferase levels (up to several
thousand U/L), with ALT typically higher than AST,
and confirmed by demonstrating IgM directed against
HAV. A positive IgM test in a person without symp-
toms of acute viral hepatitis and with only slightly
elevated serum aminotransferases (<—100U/L),
however, is likely to be false positive. Serum anti-
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Fig. 63.42 Timeline of
hepatitis A manifestations Clinical illness
(according to [3]). ALT

Alanine aminotransferase, Ig
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Table 63.13 Laboratory findings in patients with acute viral hepatitis A and B
Parameter Change Comments
AST, ALT T1T (400-4,000U/L) Injury and death of liver cells
ALT > AST No strict correlation between ALT and AST levels and extent of

hepatocyte injury or death

Bilirubin TT (5-20mg/dL) Prognostic parameter, if elevation long-standing

Alkaline Phosphatase <> — (1) Markedly elevated levels in cholestatic variant of acute hepatitis

Prothrombin Time Prolongation Prognostic parameter

Serum Albumin - Prognostic parameter

Decreased only in complicated cases
IgG and IgM ) In 30% of patients in the acute phase
Autoantibodies Low titer elevation of SMA, Nonspecific
ANA, and rheumatoid factor

ESR and CRP > Typically normal despite necroinflammatory reaction. Hepatic
synthesis of acute phase proteins, such as CRP, is
downregulated

Serum iron T Expression of cell death

Neutropenia, atypical Lymphocytopenia followed by Differential diagnosis: infectious mononucleosis

lymphocytes relative lymphocytosis

Steatorrhea Mild and transient Rare

Microhematuria Rare

Proteinnuria Minimal Sporadic

HAV IgM usually may be detected 5-10 days before  Differential Diagnosis

the onset of symptoms, and its titre remains elevated

for 4-6 months. Soon after the rise of anti-HAV  Hepatitis caused by other hepatotropic and non hepa-

IgM, anti-HAV IgG begins to rise and is present totropic viruses, toxoplasmosis, cholestatic and drug

throughout the person’s lifetime, conferring immunity ~induced or alcoholic liver diseases may resemble hep-

(Fig. 63.42). atitis A both clinically and chemically. Immune sero-
HAV RNA can be detected in blood and stool dur-  logic diagnosis allows for rapid differentiation of HAV

ing the acute phase of infection by PCR. However, in  infection from these entities.

clinical practice this method is not required to diag- If right upper quadrant pain and gastrointestinal

nose hepatitis A. symptoms predominate, the differential diagnosis must
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include acute cholecystitis, choledocholithiasis with
obstructive jaundice, and ascending cholangitis. Rarely
hepatic metastases or metabolic diseases, such as
Wilson’s disease or o -antitrypsin deficiency, may
cause diagnostic confusion. Ischemic hepatitis, as can
be seen in severe heart and pulmonary failure, may
mimic acute hepatitis. However, the different clinical
scenarios and the rapid fall of markedly increased ami-
notransferase levels within a few days favors a diagno-
sis of ischemic hepatitis (Table 63.14).

Natural Course and Prognosis

In the vast majority of patients hepatitis A is an acute
self limited disease that resolves completely within
1-2 months without sequelae. An asymptomatic HAV
carrier state and chronic HAV-induced liver disease do
not occur. However, a prolonged or relapsing course
lasting several months may occur in 10-20% of symp-
tomatic, mainly older, patients with comorbidities.
Furthermore, HAV superinfection is associated with a
high risk of liver failure and death in patients with
underlying chronic liver disease, such as chronic hepa-
titis B and C [12].

Cholestatic Hepatitis

This uncommon variant of hepatitis A is characterized
by prolonged jaundice and pruritus persisting for sev-
eral months. Serum bilirubin concentrations may exceed
20mg/dL, whereas serum aminotransferase levels may
decline toward normal despite the presence of cholesta-
sis. Somewhat surprisingly, serum alkaline phosphatase
concentrations are increased in only some patients with
cholestatic hepatitis [9]. A short course of low dose cor-
ticosteroid treatment, e.g. prednisolone 30 mg qd, taper-
ing over 3 weeks, may shorten the duration of jaundice
and pruritus, but this approach is debatable in view of
the excellent prognosis for spontaneous, complete reso-
lution. In rare cases acute but transient oliguric renal
failure may complicate cholestatic hepatitis.

Relapsing Hepatitis

In 4-20% of patients, weeks to months after apparent
resolution of hepatitis A, a symptomatic relapse and

Table 63.14 Differential diagnosis of acute viral hepatitis A and B

Hepatitis caused * HAV
by hepatotropic « HEV
viruses « HBV
* HDV
*HCV
*TTV
*GBV (?)
Hepatitis caused by * EBV
non hepatotropic «CMV
viruses « HSV

¢ Coxsackie-Virus

Autoimmune diseases  ° Autoimmune hepatitis

* Systemic lupus erythematosus

Protozoal infections * e.g. Toxoplasmosis

Bacterial infections * Leptospirosis

* Rocky Mountain Spotted Fever

* Sepsis

Reactions to drugs * Acetaminophen

* Antiseizure medications

e [soniazid

* Oral contraceptives

* Rifampin

* Sulfonamides

Cholestatic liver
disease

* Drug or toxin induced
hepatopathy

* Alcoholic liver disease

* Choledocholithiasis

 Acute cholecystitis

* Ascending cholangitis

* Hemochromatosis

* Wilson’s disease

* o, -antitrypsin deficiency

Metabolic diseases

 Heart failure

* Severe hypotonia, shock
(ischemic hepatitis)

Cardiovascular
diseases

liver-test abnormalities may recur. This atypical course
with multiple relapses seems to be especially common
in children. The relapses are clinically mild and despite
the protracted course, the prognosis for complete
recovery is excellent. In a small number of affected
patients extrahepatic manifestations, such as arthritis,
vasculitis and cryoglobulinemia may be seen.

Fulminant Hepatitis and Acute Liver Failure

Acute liver failure due to HAV infection is an uncom-
mon but potentially lethal illness [14]. Overall, fewer
than 1% of patients with acute hepatitis A experience a



740

63 Viral Infections by Hepatotropic Viruses

fulminant course characterized by worsening jaundice,
decreasing hepatic synthetic capacity and development
of encephalopathy. Fulminant courses with high case-
fatality rates primarily occur in intravenous drug users
with underlying liver damage, and in older patients with
comorbid conditions [13]. Fulminant hepatitis A has
been observed during pregnancy or in association with
HAV superinfection in patients with chronic hepatitis B
and C [16]. The overall fatality rate is 0.3% but increases
to 2.5% in older persons, and to 6.4% in intravenous
drug-users, most of them HCV-coinfected alcohol users
and some HCV/HIV coinfected [13]. More than 70% of
persons dying from hepatitis A are older than 50 years,
although this group makes up for only approximately 8%
of all HAV infected persons. Clinical manifestations and
laboratory alterations correspond to acute liver failure
and most patients will require emergency liver transplant.
Features that favor listing for liver transplantation include
jaundice lasting more than 7 days prior to the onset of
encephalopathy, serum bilirubin concentration > 17 mg/
dL, serum ALT < 2,600IU/L, prothrombin time > 255,
creatinine > 2.0mg/dL, and the need for intubation and
administration of pressors [14].

Prevention

HAV infected patients are contagious from 1 to 2
weeks before the onset of jaundice up until 1 week
after. Infection with HAV is best avoided by adhering
to sanitation and hygienic measures, such as thorough
handwashing after defecation, heating foods appropri-
ately and avoiding water and foods from endemic
areas. Vaccination against hepatitis A and B is the most
effective means of preventing sexual transmission of
hepatitis A and B. Disease reporting is required of phy-
sicians, laboratories, and school officials and should
trigger investigation to determine the source of infec-
tion, identify exposed persons, and provide postexpo-
sure prophylaxis without delay.

Passive Immunization

Standard immune globulin obtained from pooled
human plasma of more than 1,000 donors contains
HAV antibody levels (approximately 1001U/L) suffi-
cient to provide short-term protection against infection

with HAV. Pregnancy and lactation are not contraindi-
cations for the administration of immune globulin. In
persons with selective IgA deficiency, anaphylaxis
may occur after repeated intramuscular applications of
immune globulin. Passive immunization should be
avoided within 2-3 weeks after administration of live,
attenuated vaccines because it decreases their immu-
nogenicity. On the other hand, vaccines based on live
attenuated viruses (e.g. measles, mumps, rubella, vari-
cella) should be delayed until 3—5 months after intra-
muscular immune globulin injection.

Preexposure Prophylaxis. Preexposure prophy-
laxis is recommended for travelers to countries with
intermediate (10-19 diseases/100,000 inhabitants:
Eastern Europe, Greece, Turkey, countries of the for-
mer Soviet Union) and high prevalence of hepatitis A
(= 20 diseases/100,000 inhabitants: Mexico, Central
and South America, Greenland, Africa, Middle East,
Asia [except Japan]).

Immune globulin, 0.06mL/kg (corresponding to
approximately SmL in adults and 2mL in children up to
20kg body weight), is administered intramuscularly
before the start of travel. When using hyperimmune
hepatitis A immune globulin, 2 mL for adults and 1 mL
for children up to 20kg body weight will suffice. The
peak anti-HAV titer achieved by passive immunization
is 150IU/L. Preexposure prophylaxis is effective in
80-85% of cases and the protection provided by immune
globulin 0.06 mL/kg lasts for 3—-5 months [7]. Immune
globulin should be administered by intramuscular injec-
tion into either the deltoid or gluteal muscle. Prophylaxis
is recommended for persons traveling to any part of the
world except Canada, Western Europe, Japan, New
Zealand and Australia. If the departure is scheduled
within 4 weeks, preexposure passive immunization and
vaccination should be administered concomitantly.

If the sojourn in an endemic area is continued for
longer than 3 months or if repeated travels lead to
renewed exposures, intramusucular immune globulin
0.06 mL/kg is repeated after 4-5 months. Further
administration of immune globulin is not necessary,
since by that time most travelers will have acquired
natural immunity through contact with HAV.

One dose of hepatitis A vaccine administered at any
time before traveling to an endemic area also provides
adequate protection (see below) [17].

Postexposure prophylaxis. Administration of
immune globulin within 2 weeks after close contact
with an infected person is 69-89% effective
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in preventing symptomatic infection or attenuating
symptoms and reducing viral transmission. Previously
unimmunized contacts of a patient with acute hepatitis
A should receive intramuscular globulin without delay
and serologic testing for anti-HAV antibodies.
Household contacts of patients with acute hepatitis A
are protected against infection by intramuscular admin-
istration of immune globulin 0.02mL/kg. Since 2-3
weeks after the onset of illness the patient is no longer
contagious, injection of immune globulin does not
need to be repeated. The duration of protection pro-
vided by 0.02 mL/kg immune globulin is 1-2 months.

Recommendations for postexposure prophylaxis
are summarized in Table 63.15.

Active Immunization

Despite the presence of at least three genotypes, HAV
expresses only one single serotype of limited antigenic
variability. This allowed the development of a formalin
inactivated whole virus vaccine that confers immunity
against all probable HAV strains. Active immunization
with inactivated whole virus vaccines further reduces the
incidence of HAV infection and eliminates the need for
passive pre- and postexposure prophylaxis. Antibodies
elicited by the vaccine have the same neutralizing capac-
ity as antibodies acquired during natural infection. They
are directed against a three dimensional conformation
created by juxtapositioning of binding sites on two
capsid-polypeptides. The production of a recombinant
vaccine is hampered by the fact that the resultant capsid-
polypeptides do not arrange in t