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Preface

Hepatitis is an inflammation of the liver tissue causing hepatocellular injury
which may have different aetiologies. In humans, acute and chronic hepatitis
and hepatitis-related diseases such as liver failure, liver cirrhosis and hepa-
tocellular carcinoma are among the most important causes for disabilities
and death. Whereas the reaction of the liver tissue is relatively uniform,
the causes for hepatocellular injury are heterogeneous and include viruses,
toxins, radiation, injury and drugs but also bacteria, parasites and autoim-
mune reactions.

In this volume of Birkhiuser Advances in Infectious Diseases we review
today’s knowledge about hepatitis with emphasis on comparative aspects
between hepatitis in humans and animals, but also between different etio-
logical agents.

This book is dedicated to Heinz Schaller who dedicated most of his life
as a scientist to the understanding of the interaction between hepatitis B
viruses and their hosts.

Heinz is a personality who managed a difficult thing to do: he successful-
ly crossed barriers. He worked as an enthusiastic scientist crossing classical
barriers between chemistry, biology and medicine. He guided scientists and
students and helped to form new ways of thinking and organizing academic
research in Germany. A remarkable number of his fellows made outstand-
ing carriers in different scientific areas.

Furthermore, he has in significant ways enhanced our understanding of
the pathogenesis of hepatitis B virus infections, has contributed to the devel-
opment of the current vaccine, has improved the care of patients infected
with the virus, and has trained some of the most distinguished members of
the current generation of hepatologists and virologists.

But he also crossed borders by searching for applications of his research.
He is one of the few who, in addition to a successful academic career, have
set the stage for a commercial success story — Heinz was a co-founder of
one of the first companies dedicated to biotechnology: Biogen Idec. Thanks
to his major input and intervention, the Center for Molecular Biology
Heidelberg (ZMBH) as a biomedical research center with world-wide
reputation was founded. Last not least, Heinz has used this success for a
sustained support of biomedical research in academics with the “Chica and
Heinz Schaller Stiftung”.



xii Preface

Heinz’s work has been catalytic for our understanding of hepatitis
B - one of the most prevalent forms of chronic hepatitis. Crossing borders
— are there that many?

Here, we would like to take the opportunity to thank Heinz for his dedi-
cation to science and wish him all the best for the years to come.

January 2008 Olaf Weber
Ulrike Protzer
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Hepatitis in the clinics — Treatment options

Michael P. Manns and Katja Deterding

Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School,
Carl-Neuberg-Str. 1, 30625 Hannover, Germany

Abstract

Hepatitis is an inflammation of the liver based on different aetiologies. Clinicians dis-
tinguish acute from chronic hepatitis. Pathophysiological changes lead to damage and
hepatocellular degeneration. The causes for hepatocellular injury are heterogeneous,
such as viruses, toxins, drugs, autoimmunity, cryptogenic. The latest official classification
of chronic hepatitis by the International Association the Study of the Liver (IASL) [1] is
still valid and is based on:

1. Aetiology
2. Inflammatory activity (Grading)
3. Fibrosis stage (Staging)

This classification has become very relevant since we nowadays not only diagnose the
different liver diseases according to their aetiology but also have developed specific treat-
ments that are targeting specific aetiologies of chronic liver disease. Overlap syndromes
with primary biliary cirrhosis and primary sclerosing cholangitis and genetic liver diseases
add to the clinical spectrum of this syndrome.

In this chapter we will describe the different causes of hepatitis, their treatment
options and differential diagnosis.

Introduction

Hepatitis is an inflammation of the liver due to various reasons.
Pathophysiological changes lead to hepatocellular damage. Causes of this
hepatocellular degeneration are heterogenous such as toxins, drugs, viruses
and autoimmunity. The pathologic changes due to different aetiologies
share similarities; these include lobular disarray, inflammation involving
portal tracts and lobules and hepatocellular degeneration in the form of
ballooning and apoptosis. Microorganisms such as bacteria, viruses, fungi
or parasites induce the secretion of biologically active molecules by mac-
rophages after penetrating the epithelial surfaces of the body. Activated
macrophages secrete cytokines which are defined as proteins released
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Table 1. Classification of chronic hepatitis on the basis of pathogenesis [1]

Hepatitis type HBsAg  HBV- HDV antibody HCV antibody Autoantibodies
DNA (HDV-RNA) (HCV-RNA)

B + +/— - - -
D + — + - ~10% anti-LKM-3
C _ - - + ~2% anti-LKM-1
Autoimmune

type 1 - - - - ANA

type 2 _ _ - - LKM-1

type 3 - - - - SLA/LP
Drug-induced - - - - Some: ANA, LKM; LM

Cryptogenic - - - - -

SLA, soluble liver antigen antibody; LP, liver-pancreas antigen antibody; LM, liver cell mem-
brane antibody

by cells that affect their behaviour, or other cells that bear receptors for
them. The cytokines and chemokines initiate the process known as inflam-
mation. Later inflammatory responses also involve lymphocytes, which in
the meanwhile have been activated by microbial antigens. Infection with
microorganisms, physical or chemical injury leads to cell disintegration or
necrosis which is associated with the release of proteins and enzymes from
the injured cells. These pathophysiologic changes may not only result in
an increase of transaminases, but also in liver dysfunction, e.g., impaired
bilirubin metabolism or coagulation factor synthesis. Chronic hepatitis is
a progressive disease of heterogeneous multifactorial aetiology defined as
continuous inflammation of the liver without improvement for six months
or longer [1] (Tabs 1 and 2).

Infection

The most common causes for acute and chronic hepatitis are viral infections.
Five viruses have been identified that can primarily manifest clinically as
acute hepatitis: hepatitis A virus (HAV), hepatitis B virus (HBV), hepati-
tis C virus (HCV), hepatitis D virus (HDV) and hepatitis E virus (HEV).
While HAV and HEV are transmitted by the faecal-oral route and are often
associated with acute icteric hepatitis, they do not lead to chronic infection.
By contrast, HCV, HBV and HDV are transmitted parenterally and sexu-
ally. They are the most common cause of human viral infections leading to
chronic hepatitis [2]. HBV, HCV and HDV infections can lead to viral
persistence that may lead to chronic hepatitis, cirrhosis and hepatocellular
carcinoma (HCC).
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Table 2. Causes of hepatitis

1. Infection Hepatitis viruses Hepatitis A
Hepatitis B
Hepatitis C
Hepatitis D
Hepatitis E

Primary non-hepatotropic virus Epstein-Barr-virus
infections Cytomegalovirus
Herpes simplex virus

2. Autoimmune hepatitis

3. Differential diagnosis ~ Alcohol induced liver disease
Drug-induced liver disease
Chemical intoxication
Primary biliary cirrhosis
Primary sclerosing cholangitis

Metabolic liver disease Non-alcoholic steatohepatitis
(NASH)
Genetic liver diseases Haemochromatosis

Alphal-antitrypsin deficiency
Wilson disease

Hepatitis A

Hepatitis A is considered the most common cause of acute viral hepatitis
with seroprevalences from less than 30% in western European countries and
up to 90% in developing countries [3, 4]. The major form of transmission is
person to person via the faecal-oral route. The incubation period is approxi-
mately 15-45 days [4]. The onset of symptoms is abrupt with prodromal
symptoms such as fatigue, weakness, nausea, abdominal pain and vomiting
[5]. Diarrhoea is not typical for adults but is in the case of children with acute
hepatitis A [S]. A fulminant course of hepatitis A is a rare event in young
patients; however, mortality due to a fulminant course increases with age.
Approximately only 4% of fulminant hepatitis cases are due to acute hepa-
titis A in the Western world [6]. Supportive measures are the only treatment
for acute HAV infection. Prevention of HAV infection requires maintenance
of high hygienic standards and strategies for active immunisation. Chronic
hepatitis has not been reported to develop after hepatitis A infection.

Hepatitis B

Acute hepatitis B varies from an asymptomatic infection to cholestatic
hepatitis and acute liver failure. There is no established treatment for acute
HBYV infection. Severe acute hepatitis B is now being treated with lamivu-
dine within a German national multicentre study (GAHAB) sponsored by
BMBEF, DFG and Hep-Net, our National Network of excellence on viral
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hepatitis. Acute hepatitis B resolves in most symptomatic patients. Rarely,
however, the disease takes a fulminant course with a mortality rate of 65%
[7, 8]. The best way to avoid a HBV infection is active immunisation with a
recombinant hepatitis B vaccine. Usually the acute hepatitis B is self-limit-
ing, but in some cases, particularly in patients with an asymptomatic course
of disease, hepatitis B develops a chronic course. This occurs in 5-10% of
adults with an intact immune system but in more that 90% of adult patients
with immunodeficiency states such as HIV coinfection, post organ trans-
plantation and following antitumour chemotherapy as well as neonates with
a still underdeveloped immune system.

Patients with a chronic HBV infection and liver cirrhosis should receive
antiviral therapy if there is viremia independent of the level of viral rep-
lication. In patients without liver cirrhosis viremia, inflammation, fibrosis
score and the level of transaminases should be taken into consideration
when considering treatment. The new German guidelines for the diag-
nosis and treatment of hepatitis B [9] are a joined effort of Hep-Net, the
German national excellence network on viral hepatitis, the German societ-
ies for Gastroenterology (DGVS), Pathology (DGP), Virology (GfV) and
Pediatric Gastroenterology and Nutrition (GPGE). The treatment goal in
hepatitis B is to decrease HBV replication in order to decrease liver inflam-
mation, thereby preventing the progression of fibrosis and the development
of cirrhosis and its complications, including HCC [10]. Currently, Interferon-
alpha, nucleotides and nucleosides are available for antiviral therapy of
chronic HBV patients. In contrast to the oral nucleoside analogues, inter-
feron has direct immunomodulatory properties and treatment response is
sustained in a significant proportion of patients. Pegylated interferon alpha
2a has been found to be more effective than conventional interferon in the
treatment of HBV infection in a Phase II study [11]. A number of factors are
predictive in the response to Interferon-alpha, e.g., low serum HBV DNA
levels, high serum alanine aminotransferase (ALT) levels and certain HBV-
genotypes, in particular genotype A.

Nucleoside and nucleotide analogues have a good safety record and
show less adverse effects than interferon. However, they often lead to drug
resistance and viral rebound after the termination of treatment is usual.
Therefore, knowledge of the pros and cons of the various treatment options
nowadays available is important to allow the best choice of treatment for
the individual patient based on an individual judgement of the appropriate
benefit risk ratio [9] (Tab. 3).

Hepatitis C
The rate of chronicity in patients with acute hepatitis C is 50-90%. Patients

with asymptomatic acute hepatitis C are more likely to develop chronic
hepatitis. Therefore, the main aim of optimal patient management in acute
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Table 3. Efficacy of oral antiviral agents in naive hepatitis B patients ADDIN [9]

Nucleoside analogues Nucleotide
analogues
Lamivudine  Telbivudine Entecavir Adefovir

(Zeffix®) (Sebivo®)  (Baraclude®) (Hepsera®)

Dose (once a day) 100 mg 600 mg 0.5 mg (1.0 mg 10 mg
in patients with
Lamivudine
resistance)
HBeAg- HBV-DNA 36% 60% 67% 21%
positive <300 cop/ml <400 cop./ml
patients o o o o
week 48/52 HBeAg ) 18% 23% 21% 12%
Seroconversion
ALT 60% 77% 68% 48%
normalisation*
HBeAg- HBV-DNA 72% 88% 90% 51%
negative <300 cop/ml <400 cop./ml
patients
week 48/52 ALT . 1% 74% 78% 72%
normalisation*
Resistence Week 48/52 10-32% 3-5% <0,5%** 0%
development
(virological Week 96/104 22-42% 9-22% <0,5%%* 3-20%
breakthrough) 3 years -53% <0,5%%* 11%
4 years -70% 18%
S years 29%

*The biochemical response was variable defined in different studies (normalisation of
transaminases or ALT decrease <1,25 (Entecavir) or 1,3 (Telbivudine) upper limit of normal
**In lamivudine resistant patients virological breakthrough developed in 7% of patients after
1 year, in 16% after 2 years and 27% after 3 years treated with Entecavir. Treatment was
stopped in patients with a viral replication >7x 10° copies/ml after treatment week 48 (about
5% of patients)

hepatitis C patients lies in avoiding chronicity, and subsequently in pre-
venting cirrhosis associated complications. Fulminant acute hepatitis C is
almost unknown in the Western world. Fortunately, it has been shown that
the initiation of interferon monotherapy during the acute phase of hepatitis
C virus infection significantly reduces the evolution of chronic hepatitis
C [12]. Immediate treatment of acute HCV infection within 2-3 months
after infection led to 98% of sustained virological response rates between
84-89% using PEG-interferon-alpha-2b for 6 months in subsequent trials
[13]. At present a nationwide Hep-Net study compares immediate antiviral
treatment of PEG-interferon alpha 2b monotherapy with a delayed start of
treatment after 12 weeks with combination of PEG-interferon alpha 2b plus
weight based dosing of ribavirin. Chronicity is associated with the risk of
developing liver cirrhosis and subsequently to develop hepatic decompen-
sation and hepatocellular carcinoma.
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. All genotypes
0
Genotype 1
1 Q
bl
Genotypes 2 or 3
& typ

Patients achisving SVR (%)

0 IFN monatherapy

24 ks 43 weeks 76 veeks PegIFN IFN + ribavirin Peg-IFN + ribavidn

Figure 1. Development of antiviral treatment in chronic hepatitis C in the recent 20 years.
Modified according to Manns et al. [18]

Worldwide more than 150 million people are considered to be chroni-
cally infected with the hepatitis C (HCV) virus. Combination therapy of
chronic hepatitis C with pegylated interferon-alpha plus ribavirin is still the
standard of care since 2001 [14]. However, this treatment is only success-
ful in approximately half of the patients chronically infected with hepatitis
C, genotype 1. This therapy can be associated with significant side effects
and costs [15]. The standard of care for the treatment of chronic hepatitis
C patients PEG-interferon alpha plus ribavirin has been optimised over
the recent years after 2001, which led to further improvements in response
with sustained virological response rates (SVR) up to 60% for the difficult
to treat genotypes 1, and more that 80% for the so-called easy to treat
genotype 2 and 3 patients [14, 16-18] (Fig. 1). Both interferon and ribavi-
rin induce side effects that have to be considered in the management of
patients with chronic hepatitis C. The interferon related side effects can be
divided into interferon induced bone marrow depression, flu-like symptoms,
neuropsychiatric disorders and autoimmune syndromes. The main problem
of ribavirin is haemolytic anaemia. Overall, side effects result in 10-20%
premature withdrawals from therapy and an additional 20-30% of patients
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require dose modifications [19]. The big unmet need in the treatment of
chronic hepatitis C is the therapy of non-responders to previous PEG-
interferon and ribavirin treatment. Here only the new small direct antiviral
drugs, the so-called STAT-C drugs, will lead to further improvements [18].

Hepatitis D

The hepatitis delta virus (HDV) is an RNA viroid dependent for infection on
obligatory helper functions provided by the HBV; it therefore can only infect
individuals with simultaneous HBV infection. Acute infection with HDV
can be simultaneous with acute HBV infection (coinfection) or can occur
in patients chronically infected with HBV as a super-infection. While super-
infection usually is associated with chronicity and a higher rate of cirrhosis
development compared to monoinfected patients [20-22], acute HBV/HDV
coinfection usually leads to spontaneous clearance and chronicity is less
than 10%. A recent study has shown that PEG-interferon-alpha-2a displays
a significant antiviral efficacy in more than 40% of HDV/HBYV coinfected
patients alone or in combination with adefovir. Adefovir does not alter
HDV-replication, but may be considered for patients with high HBV-lev-
els. Combination therapy of PEG-interferon-alpha-2a plus adefovir has no
advantages for HDV-RNA reduction, but is superior in reduction of quanti-
tative HbsAg levels [23]. HBsAg loss was only seen in the group of patients
treated with a combination of PEG-interferon alpha 2a plus adefovir.

Hepatitis E

Hepeatitis E is transmitted by the faecal-oral route. The symptoms are unspe-
cific and similar to hepatitis A, i.e., flu-like symptoms, including fever, abdom-
inal pain, anorexia, nausea, diarrhoea and vomiting [24, 25]. Like other forms
of acute hepatitis, the mainstay of therapy is in monitoring the complications
and in treating the symptoms. The HEV infection is usually self-limited.
However, fulminant hepatitis may occur. Acute hepatitis E is almost absent
in the developed world but is the most prevalent cause of acute hepatic in
some parts of the developing world like Kashmir, parts of India, Taschkent
and at the horn of Africa like parts of Ethiopia. So far chronic hepatitis has
not been reported to develop after hepatitis E infection.

Primary non-hepatotropic virus infections
Several other viral infections may damage the liver, but are not primarily

regarded as hepatotropic. These infections include Ebstein Barr virus, cyto-
megalovirus and herpes simplex virus (Tab. 1).
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Autoimmunity hepatitis

Autoimmune hepatitis (AIH) is another entity of chronic hepatitis. AIH is
characterised by a loss of tolerance against hepatic tissue which leads to a
chronic, mainly periportal hepatitis and destruction of hepatic parenchyma.
AIH may also start as acute hepatitis and may even manifest as fulminant
hepatitis. The estimated prevalence in Northern Europe is 170 cases per
million [26]. There is no single sensitive and specific diagnostic marker of
AIH. Diagnosis is made from a combination of clinical, biochemical, sero-
logical and histological features [27]. AIH is most prevalent in females and
is often found clustered in families. Serologic detection of autoantibodies
is one of the distinguishing features [28] that has lead to the sub classifica-
tion of AIH in three groups. AIH type 1 is characterised by the presence
of antinuclear antibodies (ANA) and/or anti-smooth muscle antibodies
(SMA) directed predominantly against smooth muscle actin. AIH type 2
is characterised by anti-liver-kidney microsomal autoantibodies (LKM-1)
directed against cytochrome P450 (CYP) 2D6 and with lower frequency
against UDP-glucuronosyltransferases (UGT) [29, 30]. AIH type 3 is char-
acterised by autoantibodies against soluble liver antigens (SLA/LP) [31,
32]. Seropositivity in fluorescence tests is considered at titres greater than
1:80 [33].

The clinical presentation ranges from a spectrum of benign asymptom-
atic disease to fulminant hepatitis [1, 34]. In half of the patients the onset is
insidious and half show features of chronic liver disease. AIH is therefore
characterised by non-specific features such as right upper abdominal pain,
fatigue, arthralgias, myalgia, jaundice and pruritus. About 25% of patients
show an acute onset of AIH and rare cases of fulminant progression of
AIH leading to acute liver failure have also been reported [34]. Next to the
autoantibodies, the diagnosis of AIH is established by the exclusion of other
aetiologies of chronic hepatitis.

The liver histology in AIH is characterised by the presence of interface
hepatitis in which several mononuclear cells infiltrate the portal tract,
invade the adjacent liver parenchyma and surround dying hepatocytes [1].
Studies have shown that untreated AIH had a very poor prognosis with
5-10 year survival rates of 50 and 10% and furthermore demonstrated that
immunosuppressive treatment significantly improved survival [35, 36]. The
goal of treatment is a complete biochemical and histological resolution of
inflammation as well as clinical remission of symptoms. The standard treat-
ment of AIH is either prednisolone monotherapy or combination therapy
with prednisolone and azathioprine. Combination therapy is preferred on
the whole, because it allows the reduction of prednisolone and thereby the
reduction of steroid-associated side effects.

Overlap syndromes of AIH and PBC and of AIH and PSC both appear
to be present in about 8% of AIH patients [37, 38]. Overlap syndromes are
conditions in which patients have clinical, histological and also immunologi-
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cal features of both diseases — AIH and primary biliary cirrhosis (PBC) or
AIH and primary sclerosing cholangitis (PSC).

Differential diagnosis
Alcohol induced liver disease

Alcohol induced liver disease may be distinguished into fatty liver (steato-
sis), alcoholic steatohepatitis (ASH), and alcohol induced liver cirrhosis.
Alcoholic steatohepatitis, which is mainly seen in middle-aged women,
may present clinically as a severe subacute disease with an unfavourable
prognosis, no scientifically proven treatment options, high mortality and
disappointing results so far after liver transplantation. In 2001, liver cirrhosis
was the 12th leading cause of death in the USA, and 44% of the cases were
alcohol-related [39]. It is assumed that a certain threshold of the amount
of daily consumed alcohol and the length of time has to be exceeded for
development of alcoholic liver disease. This has been proposed as being a
daily intake of alcohol over 10-12 years of doses in excess of 40-80 g/day
for males and 20-40 g/day for females [40]. Studies have been performed
in order to explain the biochemical and histological features of acute alco-
holic liver disease. It has been assumed that the metabolism of alcohol may
result in the generation of fatty liver, oxidative stress and acetaldehyde, all
of which are thought to be important in disease pathogenesis. In some, if not
the majority of patients immune mechanisms seem to contribute to patho-
genesis. Liver fibrosis and ultimately cirrhosis is the final common path-
way of alcoholic liver disease. Cirrhosis itself is a precancerous condition.
Chronic alcohol abuse produces a wide range of morphological changes in
the liver, the most frequent being fatty liver (steatosis), alcoholic hepatitis
and cirrhosis [41].

Patients with cirrhosis may develop ascites, splenomegaly, icterus, pru-
ritus, hepato encephalopathy or even hepatorenal syndrome. Cutaneous
manifestations of alcohol liver disease include Dupytren’s contracture,
alcohol causes flushing, teleangiectases and palmar erythema. Also periph-
eral neuropathy and cerebellar ataxia can be associated with alcoholic liver
disease. Patients may also show signs of feminisation with hypogonadism
and gynecomastia. The outcome of patients with cirrhosis is dictated by
the development of complications of portal hypertension such as variceal
bleeding and ascites, the onset of hepatic encephalopathy and hepatocel-
lular carcinoma.

Pharmacotherapy and transjugular intrahepatic portosystemic shunts
(TIPS) are important in the prevention of variceal bleeding. Non-selec-
tive beta-blockers reduce portal pressure through a reduction in portal
and collateral blood flow. Propanolol is the most common non-selective
beta-blocker most widely used in the pharmacological treatment of portal
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hypertension. Studies showed that with the use of p-blockers, there was
a significant reduction in the risk of bleeding of about 40% compared to
untreated controls or patients receiving a placebo [42]. There are several
contraindications in the use of p-blockers including bradycardia, hypoten-
sion and severe asthma bronchiale.

Patients with high risk varices and contraindications to 3-blockers may
be considered for oesophageal band ligation. Oesophageal band ligation has
replaced sclerotherapy as the preferred form of management of oesopha-
geal varices today.

Treatment options for the management of acute bleeding oesophageal
varices are, for example, octreotide/somatostatin, vasopressin/nitrates, ter-
lipressin, endoscopic therapy-sclerotherapy/banding, ballon tamponade,
TIPS and surgical procedures like porto-caval shunting [43].

The development of ascites is a major complication of cirrhosis and is
associated with a decreased quality of life and an increased risk for infec-
tions and renal failure. Among patients with compensated liver cirrhosis
nearly 50-60% of patients will develop ascites in the natural course of their
disease [44]. Therapies for ascites include sodium restriction, diuretics, large
volume paracentesis, the transjugular intrahepatic portosystemic shunt
(TIPS) and the peritoneovenous shunt, the latter being only rarely applied
these days. Spontaneous bacterial peritonitis is a complication related to
ascites with a high mortality rate. Immediate diagnosis and early therapy
with antibiotics is essential.

Hepatic encephalopathy can be defined as a spectrum of neuropsychiat-
ric abnormalities occurring in patients with advanced liver disease. Patients
often present changes in behaviour including somnolence and confusion.
Therapy of hepatic encephalopathy is based on prevention of production
and resorption of ammonia.

All the described complications of liver cirrhosis are common to all
forms of liver cirrhosis independent of aetiology; therefore they are also
consequences of chronic hepatitis virus infections.

Furthermore increased alcohol consumption is often an important cofac-
tor of morbidity in other causes of chronic liver disease, in particular chronic
hepatitis C and its consequences.

Drug-induced liver disease

Hepatotoxicity is the most frequent cause of drug-induced mortality.
Toxicity may be mainly dose dependent and predictable. Many environmen-
tal hepatotoxins, including halogenated molecules and toxic mushrooms can
lead to liver failure. Except in the case of acetaminophen (paracetamol),
which induces intrinsic hepatotoxcity, most cases of drug-induced liver
disease are associated with suicide or incorrect drug administration. Drugs
associated with hepatotoxicity are for example anticonvulsants, neurologic
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agents, antimicrobial agents, antineoplastic and immunosuppressive agents.
The prognosis is generally good if the drug is stopped at the first symptom
or sign of liver disease.

As mentioned previously, acetaminophen induces intrinsic hepatotoxic-
ity. The clinical presentation of acute liver failure due to acetaminophen
includes a hyperacute progression from jaundice to hepatic encephalopathy
[45]. Hepatic transaminases rise within 12-24 h, where as, peak transami-
nases and prothrombin times usually observed 3 days after investigation.
However prognosis of acetaminophen induced fulminant hepatic failure
has a more favourable outcome compared to other causes of drug induced
liver disease.

In chronic liver disease of unknown aetiology, so-called cryptogenic liver
disease, drug induced liver injury has always to be considered as a cause.
Diagnosis often relies on the termination of drug administration and sub-
sequent follow up. Only after careful evaluation of the benefit risk ratio a
re-exposure with the suspected drug may be used to prove or disprove the
diagnosis of a drug induced liver disease. In a minority of cases with chronic
liver disease and a drug-induced aetiology the disease is immune mediated.
Then, specific autoantibodies may be detectable and may indicate aetiology
and pathogenetic mechanisms.

Chemical intoxication

It is difficult to make a definitive statement about hepatotoxicity of specific
chemicals and environmental agents because the effects may be extremely
diverse. Hepatotoxic chemicals are, for example, halogenated aromatic
hydrocarbons, nitroaromatic compounds, chlorinated ethylenes and pesti-
cides. Also metals, like arsenic, beryllium and copper can lead to chronic
liver disease. Although chemicals are often accused of causing chronic liver
disease it is often very difficult to prove the aetiology in the individual
patient.

Primary biliary cirrhosis

Primary biliary cirrhosis (PBC) is a chronic progressive cholestatic disease,
characterised by a granulomatous destruction of the intrahepatic bile ducts,
which is associated with the development of portal and periportal inflam-
mation, subsequent fibrosis and can lead to cirrhosis. PBC is primarily a dis-
ease of middle-aged women, with most cases occurring between ages 40-60
years [46, 47]. Prevalence estimates range from 19 to 240 cases per million
of the population [48,49]. Antimitochondrial antibodies (AMA) are present
in 90-95% of cases of PBC, often before clinical signs and symptoms appear
and are therefore important in the diagnosis. Among patients with positive
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AMA, some patients may not have clinical symptoms and biochemical
abnormalities; in such cases a liver biopsy is recommended.

Symptomatic patients describe pain in the right upper abdominal quad-
rant, nausea and anorexia. Other symptoms attributed to PBC including
fatigue, pruritus and keratoconjunctivitis xerostomia. Jaundice is usually a
late symptom. The most characteristic biochemically abnormal marker in
PBC is an elevated serum alkaline phosphatase, which is usually measured
three to four times the upper limit of normal [50]. Serum total bilirubin lev-
els often rise during disease progression but are commonly within normal
limits at diagnosis.

As the pathogenesis of PBC is unclear, it is difficult to treat the disease.
Only ursodexoxycholic acid (UDCA) has been shown to be effective in
patients with PBC (US Food and Drug Administration approval 1998).
There is some evidence that other drugs like cyclosporine and azathioprine
are effective and prednisolone or budesonide may also have a beneficial
effect. There is an increased risk of osteopenia in patients with PBC, associ-
ated with female gender and cholestasis, therefore calcium and vitamin D
should be given to all patients with PBC.

The natural history of patients with PBC is heterogeneous. However,
liver transplantation often remains the only effective therapy for those
patients with end-stage liver disease from PBC.

Primary sclerosing cholangitis

Primary sclerosing cholangitis (PSC) also is a chronic cholestactic liver
disease. PSC is characterised by concentric obliterative fibrosis of intra-
hepatic and extrahepatic biliary tree, leading to its destruction and to
biliary cirrhosis [51, 52]. The aetiology of PSC is unclear, although grow-
ing evidence supports that several immune and none immune mediated
mechanism, as well as genetic predisposition, play a significant role in
disease aetiopathogenesis. There is a strong association between PSC and
inflammatory bowel disease with between 75-80% PSC patients of north-
ern European origin having underlying inflammatory bowel disease [53,
54], especially ulcerative colitis. The true prevalence of PSC is unknown.
Almost half of all PSC patients are asymptomatic at the time of diagnosis.
The asymptomatic individual has incidental discovery of mildly abnormal
liver blood tests. The presence of symptoms does not correlate well with
disease severity. Fatigue and pruritus are the most common symptoms.
Jaundice, abdominal pain and weight loss are usually present in the later
stages of the disease. Fever and chills may be manifestations of ascending
bacterial cholangitis.

Endoscopic retrograde cholangiopancreatography remains the gold
standard to diagnose large duct PSC. The finding of multifocal strictures and
dilatations with beaded appearance and occasional diverticular formation
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involving the intrahepatic and/or extrahepatic biliary trees, characterises
the disease [51]. The classic laboratory finding in patients with PSC is an
increased alkaline phosphatise level. Most patients also have raised amino-
transferases.

The clinical management of PSC patients should focus on alleviating
symptoms and complications of end-stage liver disease. Several treatment
options have been studied for PSC, including pharmacological, endoscopic
and surgical modalities. Since PSC patients are at a high risk of developing
cholangiocellular carcinoma and other malignant tumours mainly of the GI
tract, they should be regularly screened. In most cases, liver transplantation
remains the only therapy that improves survival in these patients.

In particular in children an overlap syndrome between PSC and autoim-
mune hepatitis is common. Biochemical and histological characteristics of
both diseases determine diagnosis and therapeutic approach.

Metabolic liver disease: Non-alcoholic steatohepatitis (NASH)

Non-alcoholic steatohepatitis is defined as a constellation of histological
abnormalities identified on liver biopsies that are similar to those seen in
alcoholic liver disease but these histological abnormalities are found in
patients who consume little or even no alcohol. The prevalence of NASH
has increased over the last years in parallel with the increasing prevalence
of obesity and type 2 diabetes. The most common underlying factor for
NASH is the presence of insulin resistance [55-57]. Obesity and a sedentary
lifestyle are the two largest risk factors for insulin resistance [58]. NASH
is most commonly asymptomatic. Some patients have symptoms like right
upper abdominal pain, fatigue and malaise. Liver biopsy is the gold standard
for diagnosis. NASH is typically characterised by serum ALT that exceeds
the AST by up to two- or three-fold [59].

There is no standard treatment for NASH. General recommendations
include improving metabolic risk factors. The goal is weight loss, improv-
ing insulin sensitivity and treating hypertriglyceridemia. Antioxidants and
ursodeoxycholic acid have only little benefit. The complications that can
occur in NASH are liver cirrhosis, acute liver failure and hepatocellular
carcinoma. At present, metformin and other antidiabetic drugs are being
evaluated.

Genetic liver diseases

Haemochromatosis

Haemochromatosis is a multiorgan disease of excessive iron deposition.
The principle organs affected include liver, heart, pancreas and skin.
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Haemochromatosis is one of the most common disorders in northern
Europe. The highest frequency occurs in Ireland and in the Basque region
[60]. The main but not the only gene associated with haemochromatosis was
labelled HFE [61]. The HFE gene has two common mutations, C282Y and
H63D. About 90% of typical haemochromatosis patients in many regions
of the world are homozygous for the C282Y mutation of the HFE gene.
Disease manifestation occurs through increased intestinal iron absorption.
There is no mechanism for the intestine to increase iron excretion; this leads
to a net increase in the iron balance, resulting in progressive accumulation
in multiple organs.

In the early stages of the disease, patients usually show no symptoms.
With progress of iron accumulation, organ dysfunctions may result. In the
later stage of the disease many symptoms of haemochromatosis are sec-
ondary to the underlying liver dysfunction, including spider naevi, palmar
erythema, fatigue, weight loss and right upper abdominal pain. The most
common non liver-related symptoms of haemochromatosis are diabetes,
cardiac disease, arthropathy, endocrine abnormalities and pigmentation of
the skin. Glucose intolerance has been found in 85% of haemochromatosis
patients with liver cirrhosis [62]. Iron accumulation in the pancreas may
result in pancreatic endocrine dysfunction and therefore in adult onset
diabetes mellitus. Cardiac disease in haemochromatosis includes both car-
diomyopathy and arrhythmias. Echocardiography is the preferred initial
diagnostic test and abnormalities can be seen in up to 35% of referred cases
[62]. The characteristic pigmentation of haemochromatosis is a bronze or
grey colour of the skin.

The initial laboratory testing includes serum iron, total iron binding
capacity and ferritin. Elevated transferring saturation above 45% and ele-
vated serum ferritin are suggestive of iron overload. Genetic testing of the
C282Y Mutation often leads to the exact diagnose of haemochromatosis.

Haemochromatosis can be treated successfully with phlebotomy thera-
py- The venesection of 400-500 ml is equivalent to approximately 200-250
mg iron. Maintenance venesection after iron depletion of 3—4 venesections
per year are done in most patients, although the rate of iron reaccumulation
is highly variable [63]. A reasonable target for the transferring saturation is
below 25%.

Alphal-antitrypsin deficiency

Alphal-antitrypsin is produced primarily by hepatocytes, but also by alveo-
lar macrophages and intestinal cells [64]. The disease is associated with
pulmonary emphysema, chronic liver disease and hepatocellular carcinoma;
although only about 10% of homozygotes develop a clinically significant
liver disease. The pathogenesis of liver disease in patients with alphal-anti-
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trypsin deficiency is less clear. It has been suggested that conformational
changes of the unstable alphal-antitrypsin variants lead to retention of
polymers of abnormally folded alphal-antitrypsin in the hepatocyte endo-
plasmatic reticulum [65, 66]. Alphal-antitrypsin deficiency often presents in
the neonatal period with jaundice, pale stool, dark urine and elevated liver
enzymes. However, the liver disease can remain clinically silent for many
years although abnormal biochemical liver enzymes and signs of liver cir-
rhosis may appear.

There is no specific therapy for alphal-antitrypsin deficiency-associated
liver disease. The only treatment option for patients with progressive liver
disease is a liver transplantation. Additionally it is recommended to avoid
other risk factors such as passive and active smoking and heavy drinking.
Since there is no specific treatment option the goal here is to give these
patients the standard medical support and to manage the complications of
chronic liver disease.

Wilson disease

Wilson disease is an autosomal recessive disorder that leads to a copper
overload in the liver and other organs. The underlying gene has been iden-
tified and more than 40 single point mutations of this gene have been iden-
tified [43]. Therefore, unlike in haemochromatosis, a single genetic test is
not available on a routine basis for Wilson disease. Wilson disease is found
worldwide, but most commonly in northern, central and eastern European
countries [67, 68]. The clinical presentation can vary. Wilson disease may
present as chronic or fulminant liver disease, as a progressive neurological
disorder without evident hepatic dysfunction, or as a rather nondescript
psychiatric illness or acute episodes of haemolysis. The hallmark of Wilson
disease is the Kayser-Fleischer ring, which is presented in 95% of patients
with neurological symptoms and somewhat over a half without. Kayser-
Fleischer rings are not specific for Wilson disease. They may be found in
patients with other types of chronic liver disease.

Medical treatment for Wilson disease involves either chelation or
induction of metallothionins. There are two generally accepted oral
chelating agents: penicillamine and trientine. Zinc interferes with cop-
per absorption, firstly by competing for a common carrier absorption
and secondly inducing metallothionin in enterocytes, allowing copper
absorbed into them to be excreted by desquamation [69]. Untreated
Wilsons disease is universally fatal, with most patients dying from liver
disease and a minority from progressive neurologic disease. However, in
most cases liver transplantation often remains the only effective therapy
for patients with end-stage liver disease, the genetic defect is cured by
liver transplantation.
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Abstract

There is a variety of differential diagnoses of acute and chronic human hepatitis regularly
seen in clinical praxis. Risk factor assessment for specific entities provides important
information and should guide individual diagnostic procedures. Liver screening tests
often remain the first indicator for hepatic pathologies and should include quantification
of liver enzymes, liver function parameters and cholestatic parameters. Nevertheless,
virus serology should always be done during further laboratory evaluation. To estimate
the parenchymal liver damage and to exclude biliary obstruction or hepatic lesions
an abdominal ultrasound scan is essential. A liver biopsy may complete the diagnostic
approach, if either the underlying hepatic pathology remains obscure or parenchymal
liver damage needs to be defined.

Introduction

Human hepatitis may present as acute or chronic liver disease, which may
cause mild or severe hepatic damage. Thus, the resulting clinical spec-
trum of human hepatitis ranges from asymptomatic courses to manifest
disease. Further diagnostic evaluation is essential, as different hepatic
and extrahepatic pathologies may mimic human hepatitis. Beside routine
laboratory tests of liver enzymes, which are regularly the first indicator
of hepatitis, further diagnostic assessment needs to orchestrate patient
history, clinical findings and laboratory investigations. Liver histology
and diagnostic imaging are important complementary diagnostic tools
to identify the hepatic pathology. Subsequently the differential diagnosis
gives first insights into the stage, prognosis and therapeutic options of
newly diagnosed hepatitis.
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Differentiation of viral hepatitis
Anamnestic findings

During differential diagnosis of human hepatitis a special focus should be
set on hepatitis A, B and C, which are the most common causes of viral
hepatitis worldwide. In Europe and Northern America patients with identi-
fied liver disease show a prevalence of hepatitis B between 0.9% and 1.0%,
whereas a prevalence between 7.0% and 18.6% has been reported for hepa-
titis C. Beside this, a relevant proportion of patients with viral hepatitis also
presents with hepatic co-morbidity, which complicates differential diagnosis
[1-3].

Viral hepatitis is characterised by risk factors associated with viral
infection. Thus, patient history may guide to the viral pathogen. Due to the
faecal-oral transmission route of hepatitis A virus (HAV) individuals accom-
modated in collective housings are at higher risk of acquiring HAV infection.
Further risk factors have been identified for clinical employees and sewage
workers as well as for homosexual men and individuals from lower social
background. Due to global migration and tourism, increasing numbers of
patients from HAV endemic regions have to be considered [4]. Only a very
few cases of faecal-oral infections with hepatitis E virus (HEV) have been
reported in Europe and were usually connected with a previous stay in
HEV-endemic areas including India, eastern Asia and Africa. An HEV sero-
prevalence of 20% in some remote areas of the United States also suggests
autochthonous cases of hepatitis E in the northern hemisphere [5].

Hepatitis B virus (HBV) and hepatitis C virus (HCV) show parenteral
transmission routes and are the predominant pathogens of viral hepatitis.
Therefore clinical history should identify patients who have received blood
transfusions or surgical interventions. Patients suffering from haemophilia
or receiving chronic haemodialysis were identified as risk groups. These
risk factors are of special relevance if they originate from the era without
efficient hepatitis screening [6, 7]. Since viral screening of blood donors and
blood products has been implemented for HBV and HCYV, the estimated
risk for transfusion-associated HCV and HBV infection has declined to
1/4,400,000 and 1/620,000 per transfused unit in Europe, respectively [8].
Remaining groups at risk for HBV and HCV are employees in the health
care setting and intravenous drug addicts. Particularly drug addicts demon-
strate a very high HCV prevalence of 48-90% [7, 9].

Unsafe sexual practices are the most important infectious route which
is responsible for 30% to 40% of new HBYV infections, excluding other risk
factors [10]. Sexual transmission rate for HCV is much lower and has been
suggested to range from 0% to 7% during long-term sexual partnerships,
if no other risk behaviour has been documented [9]. In areas of high HBV
prevalence perinatal transmission from HBV-infected mothers to newborns
contributes to a large proportion of infections. Vertical HBV transmission
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Table 1. Clinical characteristics of viral hepatitis

Hepatitis A Hepatitis B Hepatitis C ~ Hepatitis D Hepatitis E

Transmission  faecal-oral percutaneous percutaneous percutaneous faecal-oral

(percutaneous) sexual (sexual) (sexual) (perinatal)
perinatal (perinatal)

Incubation 15-49 60--180 14-160 21-45 15-60

phase (days)

Clinical illness  70-80% adults 10-15% 5-10% 10% higher ~ 70-80% adults
5% infants with super-

infection
Jaundice 30% adults 10-15% 5-10% unknown common

<5% infants
Fulminant <1% <1% rare 2-7.5% <1%,up to
30% in preg-
nant women

Case fatality  0.1-2.7% 1-3% 1-2% <1% coinfec- 0.5-4%
rate tion 1.5-21% in
>5% super- pregnant
infection women
Chronic none 5-10% adults 80-90% <5% coinfec- none
hepatitis 90% infants tion
80% super-
infection

from HBeAg-positive mothers to newborns occurs in 70-90%. The rate of
vertical infection declines to 10-40% if the mother is HBe Ag negative and
reduces further to 5-10% following active and passive HBV immunisation
of the newborn [11]. Like with HAV, infections with HBV and/or HCV
have to be considered in patients originating from endemic areas. HDV
infections only affect HBV-positive patients and may cause severe hepatitis
during superinfection whereas co-infection with HDV does not relevantly
alter the acute natural course of hepatitis B. Particularly in areas with high
HBYV prevalence HDV infections have to be considered.

Non-hepatotropic viral infections can cause atypical hepatitis. The
predominant viral pathogens, responsible for atypical hepatitis originate
from the herpesviridae family. Cytomegalovirus (CMV), Epstein-Barr virus
(EBV), varicella zoster virus (VZV) and herpes simplex virus (HSV) are
the most important pathogens. The course of atypical hepatitis depends
on the host immune competency and ranges from mild to fulminant mani-
festations. Chronic active courses comparable to hepatitis B and C are not
observed, but recurrent exacerbations of latent infections are possible
and common for CMV. The seroprevalence of herpesviridae is high in the
general population and reaches about 82% for CMV, 75% for EBV and
58/14% for HSV-1/2 respectively [12-14]. Thus de novo infection usually
does not cause hepatitis in the adult population and reactivation of latent
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infections is the most important pathomechanism. Specifically, reactivated
CMYV infections have to be considered in patients who are immunosup-
pressed, receiving high dose chemotherapy or suffering from other causes of
immunodeficiency. Exceptional de novo infections which may manifest with
hepatitis are congenital HSV infections or EBV infections in late childhood
or early adolescence [15]. Exotic viral hepatitis is predominantly based on
infections with arboviridae. Thus the virus is usually transmitted by insect
vectors, which are endemic in tropical or subtropical regions. The most com-
mon viral entities are Yellow fever and Dengue fever [16, 17]. Also viral
zoonoses, which are endemic in tropical and subtropical regions, contribute
to hemorrhagic fever with hepatic involvement. Particularly patients with a
recent history of foreign travel are at risk of developing exotic hepatitis and
should be identified [15, 18].

Clinical findings
Acute manifestations

The clinical findings of acute human hepatitis originate from hepatocyte
damage and impaired liver function, which could lead to vegetative symp-
toms, jaundice and encephalopathy. Conclusively, the clinical findings dur-
ing human hepatitis are usually non-specific and only the chronological
sequence of symptoms might indicate the responsible cause. Viral hepatitis
is characterised by three different periods of acute infection. Before onset
of symptoms patients undergo an incubation period, which lasts from weeks
to months. The duration of the incubation period is highly variable, because
it depends on the causative viral agent and on the immune competency of
the infected person. Elevated liver enzymes are often the only pathological
finding, which usually makes viral hepatitis an incidental diagnosis during its
incubation period. The prodromal phase subsequently presents with clinical
features of drowsiness, fatigue, flu-like symptoms and epigastric pain. These
symptoms usually persist until onset of jaundice, which marks the begin-
ning of the icteric phase. Jaundice usually resolves without residual hepatic
damage, if the immune system is able to eliminate the viral pathogen. As
jaundice does not develop in a relevant proportion of patients, manifesta-
tions of acute viral hepatitis are often misinterpreted as unspecific flu-like
symptoms. Sometimes prolonged jaundice is observed without developing
chronic infection. Some patients develop extrahepatic manifestations of
viral hepatitis, which are based on immune-mediated mechanisms.

The rate of fulminant hepatitis depends on the natural course of the caus-
ative viral pathogen and is observed in less than 1% of hepatitis A, in 0.1%
of hepatitis B and in rare cases of acute hepatitis C. Patients at increased
risk of developing fulminant hepatitis are immunocompromised patients and
patients with underlying liver disease or liver cirrhosis. Increased rates of ful-
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minant hepatitis have also been observed in pregnant women with hepatitis E
and during hepatitis D superinfections. The clinical picture of fulminant hepa-
titis is characterised by pronounced jaundice and may lead to liver failure
and subsequent multiorgan failure. Hepatic encephalopathy, serum electro-
lyte derangement, cerebral oedema, hemorrhagic coagulopathy and instable
glucose homeostasis may develop as severe complications. The resulting case
fatality rate has been estimated to be below 0.1% for acute hepatitis A, about
0.1% for acute hepatitis C and 0.4% for acute hepatitis B [19].

Chronic manifestations of viral hepatitis

Symptoms of chronic hepatitis are non-specific and seen infrequently.
They consist of fatigue, abdominal discomfort and depressive symptoms.
Thus, the differential diagnose of chronic hepatitis may not be as reliant
on clinical findings at initial stages. Liver-specific signs of chronic hepatitis
are finally determined by progression to end stage liver disease resulting in
impaired liver function and cirrhosis. Thus progressive impairment of liver
function may gradually cause coagulopathy, jaundice and encephalopathy.
Liver cirrhosis and resulting portal hypertension may eventually provoke
ascites, peripheral oedema and gastrointestinal haemorrhage. Among these
symptoms ascites is considered the landmark sign of decompensated cir-
rhosis and occurs with a frequency of 5-7% per year [20]. Signs of cirrhosis
are often missing unless complications like spontaneous bacterial perito-
nitis, portal vein thrombosis and hepatocellular carcinoma have induced
decompensation. As a result cirrhotic complications may present as acute
or subacute hepatic pathology, as long as the underlying cirrhosis has not
been recognised before. Sometimes the chronic course of viral hepatitis is
complicated by acute exacerbations, which may lead to acute liver failure.
Particularly chronic hepatitis B shows inflammatory flares with an associ-
ated mortality of 0.7% [21].

Extrahepatic manifestation of viral hepatitis

Differential diagnosis of human hepatitis can be based on extrahepatic
manifestations, which regularly occur during acute and chronic liver damage.
Extrahepatic manifestations depend on the causative pathology and affect
different organ systems. Frequent extrahepatic manifestations during acute
viral hepatitis are cutaneous rash, erythema and arthralgia. These extrahe-
patic symptoms occur in 11-14% during acute HAV infection and in 25%
during acute HBV infection and in a less defined rate of acute HCV infec-
tions. Extrahepatic manifestations are even more common during chronic
viral hepatitis and may specify the underlying viral pathogen. Hepatitis B
causes immune complex-mediated vasculitis which may lead to neuropathy,
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Table 2. Differential diagnoses of human hepatitis

Natural course

Characteristics

Diagnostic tests

Metabolic liver disease

Fatty liver Chronic

disease

Haemo- Chronic
chromatosis  progressive

al Anti- Chronic

trypsin progressive
deficiency

Wilson Chronic progres-
disease sive, fulminant

hepatic deteriora-
tion

Incidence increasing with
age, m>w, BMI>30 kg/m?,
increased waist circumfer-
ence

Pts.>40y, m>w, hyper-
pigmentation, diabetes
mellitus

Pulmonary emphysema

Pts. <40y, coombs negative
haemolysis, Kaiser-Fleischer
ring, neurological symptoms

Medical history, diabetes
and alcohol screening,
serum lipids, exclusion of
other liver disease

Family history, ferritin
> 500, transferrin staturation
>50%, HFE screening

Family history, a1-anti-
trypsin serum activity,
genetic screening

Family history, serum cop-
per, coeruloplasmin level
and renal copper excretion

Cholestatic liver disease

Malignant Subacute pro-
obstruction gressive

Biliary Acute, recurrent
concrements

Pts.> 50y, incidence increas-
ing with age, weight loss,
fever and night sweats

Incidence increasing with
age, m<w, colic right upper
quadrant pain

Diagnostic imaging, endo-
scopic screening if applica-
ble and biopsy of identified
lesions

Diagnostic imaging and ret-
rograde endoscopic cholan-
giography

Autoimmune liver disease

Autoimmune Chronic, undula-
hepatitis tion of remission
and increased
activity
Primary Chronic, recur-
sclerosing rent flares of
cholangitis increased activity
Primary Chronic, slowly
biliary progressive
cirrhosis

Pts. 10-20y, 5060y, m <w,
extrahepatic autoimmune
disease

Pts. 40-50y, m >w, recurrent
cholangitis, inflammatory
bowel disease, complicating
cholangiocarcinoma

Pts. >25y, m<w extrahepatic
autoimmune disease

Medical history, exclusion
of other liver disease,
autoimmune serology
(particularly ANA, SMA,
LKM, SLA)

Diagnostic imaging and
retrograde endoscopic
cholangiography, auto-
immune serology (particu-
larly pANCA and ANA)

Medical history, histology,
exclusion of other liver dis-
ease, autoimmune serology
(particularly AMA)

Toxic hepatitis

Chronic and
acute depending
on alcohol intake

Alcohol toxic

Other toxic
agents

Chronic, acute
and fulminant,
depending on
causative agent

Incidence increasing with
age, m>w, alcohol intake
outside meal time and
>30-50 g/day

New or chronic medication,
intentional or accidental
intoxication

Medical history, alcohol
screening, exclusion of
other liver disease

Drug history, drug screen-
ing, exclusion of other liver
disease
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Natural course

Characteristics

Diagnostic tests

Ischaemic hepatitis

Chronic, acute
and fulminant,
depending on

Underlying disease with
deterioration of hepatic or
systemic circulation

Medical history, identifica-
tion of cardio-vascular
pathology, sepsis, extensive

causative insult burns, trauma or hepatic

malperfusion

Parasitic and bacterial hepatitis

Travel anamnesis, immune
status and specific micro-
bial, histological and sero-
logical diagnostics

Acute and Systemic manifestations
chronic depend-  depending on underlying
ing on underlying pathogen

infection

Pts., patients; y, years; m, male; w, female; BMI, body mass index; ANA, anti nuclear antibody;
AMA, anti-mitochondrial antibody; pANCA, anti-perinuclear neutrophile cytoplasmatic anti-
body; SMA, smooth muscle antibody; LKM, liver kidney microsomal antibody; LKM, soluble
liver antigen antibody

nephropathy or Raynaud-Syndrome. Specifically membranous glomeru-
lonephritis and panarteritis nodosa often involving splanchnic arteries are
highly suggestive for hepatitis B. In contrast, hepatitis C is clearly linked to
mixed essential cryoglobulinemia which may also cause Raynaud-Syndrome,
renal impairment and arthropathy. The association of chronic hepatitis C
with lymphoproliferative diseases has not been defined as well but should
be considered [22]. Moreover, viral hepatitis could provoke other manifes-
tations, including neuritis, myelitis, Guillain-Barré syndrome [23], Sjogren’s
syndrome [24], cardiomyopathy [25] and lichen planus [26].

Differentiation of other causes of liver damage

Despite viral hepatitis being one of the leading causes of human hepatitis
worldwide, other hepatic pathologies should be identified by clinical his-
tory. Differential diagnosis ranges from common toxic or ischaemic events,
hereditary entities to autoimmune diseases, which manifest as acute or
chronic liver disease. Prior to accurate diagnosis of a specific hepatic pathol-
ogy, other defined disease entities must first be excluded.

Non-alcoholic steatohepatitis

Particularly hepatic steatosis and/or non-alcoholic steatohepatitis (NASH)
have become an increasing medical burden in industrialised countries,
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requiring diagnostic attention. Depending on the analysed cohort between
3% and 24% of the general population are affected by hepatic steatosis
[27]. Hence, population-based surveys have also stated that hepatic steatosis
or NASH might be responsible for 63-69% of patients with elevated liver
enzymes [1, 2]. This group of patients is characterised by risk factors which
could be identified by clinical history. Specifically obese patients (BMI
>30 kg/m?) have a high prevalence (75.8%) of steatosis hepatitis compared
to non-obese individuals (BMI <25 kg/m?), who show a prevalence of only
16.4% [3]. Enlarged waist circumference, ethnic background and diabetes
mellitus are further risk factors of hepatic steatosis [28]. Different studies
suggest that patients with steatosis may develop NASH in 10-25% or even
end up with cirrhosis in 2-7% of all cases [29]. Differentiation from viral
hepatitis is hampered by the fact that chronic viral inflammation induces
hepatic steatosis and that steatosis promotes disease progression of chronic
viral hepatitis.

Toxic hepatitis

Toxic hepatitis is a further important differential diagnosis, which is often
linked to chronic alcohol consumption or hepatotoxic medication. The
overall prevalence of alcohol-related liver disease is higher in male patients
and increases with age. Alcoholic liver disease should be strongly suspected
in patients with an alcohol consumption more than 40-80 g/day, which
equals a daily indulgence of about 2.5 1 beer, 1 1 wine or 200 ml distilled
spirits [30]. Specific drinking habits, like alcohol consumption outside meal-
times, should also be recognised as risk factors for alcoholic liver disease
[31]. Compared to men who show a higher prevalence of alcoholic liver
disease, female individuals consuming alcohol on a regular basis are at
higher risk of developing alcohol-related liver disease [30]. Clear aetiologi-
cal differentiation of liver damage during chronic alcohol consumption is
hindered by a relevant proportion of patients with additional viral hepatitis
and/or obesity [2]. To identify other causes of toxic hepatitis, clinical his-
tory should focus on medications which were started within 3—-4 months
prior to onset of liver damage. New medications are often responsible for
hepatotoxicity. Even medications which were administered for more than
12 months have been identified as causative hepatotoxic agents. In western
countries acetaminophen is the number one cause of acute liver failure
leading to liver transplantation. As life-threatening amounts of hepatotoxic
agents are regularly ingested during suicidal attempts, anamnesis should
also focus on life crisis and depressive symptoms. Furthermore, drugs like
amphetamines and cocaine have been associated with acute liver damage
and should be screened. In Europe accidental ingestion of fungal toxin
(death cap mushroom, Amanita phalloides) has to be considered during
assessment of liver failure.
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Ischaemic hepatitis

A further focus should be set on ischaemic hepatitis caused by severe
hypotension, liver congestion and thrombo-embolic events. As ischaemic
hepatitis usually affects critically ill patients, clinical history should recog-
nise chronic heart failure, myocardial infarction, arrhythmias, extensive
trauma and sepsis [32]. Chronic hepatic congestion due to cardiac insuf-
ficiency might even cause fibrotic remodelling and end-stage liver disease
[33]. Finally, liver-specific vascular pathologies of the liver like Budd-Chiari
syndrome and veno-occlusive disease contribute to acute and chronic
hepatic damage as well [34,35]. Ischaemic hepatitis usually does not present
with prolonged sub-clinical periods and mimics the clinical picture of acute
hepatitis. The interval between the initial ischaemic event and the clinical
manifestation of hepatic damage only takes hours. Depending on the extent
of ischaemic liver damage, liver failure and its complications may ensue.
The symptoms of acute liver damage are essentially the same as for viral
hepatitis stated before, though extrahepatic manifestations resemble the
underlying pathology.

Hereditary liver disease

Hereditary liver diseases may also present with hepatitis type liver damage.
Haemochromatosis is the most common hereditary disease of the caucasian
population. Haemochromatosis should be suspected if male patients, usu-
ally older than 40 years, present with signs of liver damage. Iron overload
also affects the endocrine pancreas and diabetes mellitus might be associ-
ated with haemochromatosis. Further indicators for haemochromatosis are
atypical cardiac disease, unexplained arthropathy or male sexual dysfunc-
tion. For first degree relatives of patients suffering from haemochromatosis
further diagnostic workup is also recommended [36]. Wilson’s disease may
mimic diverse hepatic entities, ranging from acute hepatic failure to cirrho-
sis. Although it is a rare entity, Wilson’s disease should therefore be included
in differential diagnosis of acute and chronic hepatitis. Particularly patients
between 5 and 40 years of age should be screened for Wilson’s disease.
Patients highly suspicious for Wilson’s disease are those with neurological
findings in addition to hepatic pathology. The spectrum of neurological signs
includes tremor, ataxia and seizures. Psychiatric symptoms including depres-
sion, neurosis or even frank psychosis have been observed. Finally other
organ systems including the heart and kidney might be affected by Wilson’s
disease [37]. Alpha-1-antitrypsin (AT) deficiency, which affects about 1 in
2000-4000 newborns, should also be included in differential diagnosis. The
clinical picture of AT deficiency is usually restricted to signs of hepatic
and pulmonary disease. Hepatic manifestations might range from elevated
liver enzymes and/or jaundice to liver cirrhosis. As the lifetime risk of liver
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cirrhosis is about 25-50% in patients showing AT deficiency, patients with
unexplained liver damage should undergo diagnostic screening for this
entity [38].

Autoimmune disease

Autoimmune hepatitis (AIH) is the predominant autoimmune disease
affecting the liver. In Europe AIH shows an incidence of 1.9 in 10,000 per-
sons per year [39]. AIH shows a bipolar incidence during lifetime with a
juvenile and an adult peak. Recent observations suggest that ATH may also
be common in the elderly population. AIH may present as acute hepatic
deterioration or as chronic liver damage and cirrhosis. An inconsistent
course with hepatic flare-ups and periods of remission is regularly observed
during AIH. The diagnosis of AIH is based on a defined clinical and sero-
logical scoring system that requires the strict exclusion of other hepatic
pathologies, such as viral, toxic or cholestatic liver disease [40]. Particularly
AIH should be excluded in every patient who also presents with other
autoimmune diseases. As AIH is associated with genetic factors, like HLA
DR3 and DR4, a positive family history might lead to AIH [41]. Chronic
autoimmune pathologies affecting the bile ducts, like primary biliary cir-
rhosis (PBC) and primary sclerosing cholangitis (PSC) also mimic chronic
human hepatitis and regularly lead to liver cirrhosis and end stage liver
disease. Whereas PBC is characterised by a gradual progress of cholestatic
manifestations and liver damage, PSC is often complicated by recurring
cholestatic episodes. Deterioration of cholestatic symptoms during PSC are
usually caused by recurrent cholangitis. They may follow biliary interven-
tions or are based on obstruction by de novo cholangiocarcinoma. PSC
usually affects male patients and manifests itself between the 4th and 5th
decade of life. About 75% of all PSC patients also suffer from inflamma-
tory bowel disease, predominantly ulcerative colitis [42]. PBC primarily
affects women and usually does not manifest in patients younger than 25
years. Before liver damage has caused visual sign of jaundice and cirrhosis,
patients often report about chronic pruritus. Furthermore, autoimmune
disease like Sjogren’s syndrome and Sclerodermia are associated with PBC.
Beside distinct PSC, PBC and AIH overlap syndromes between these three
pathologies are possible [43].

Cholestasis and pathologies of bilirubin homeostasis

Beside parenchymal liver damage cholestatic diseases have to be consid-
ered in the differential diagnosis of human hepatitis. Mechanic biliary tract
obstruction by gallstones and malignancies are the most common patholo-
gies affecting the biliary tree. Both are associated with typical presentation,
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examination findings and clinical history might already allow for differen-
tiation. Thus malignancies should be strongly considered in patients com-
plaining about anorexia, loss of appetite, night sweats and fever. In contrast,
gallstones usually present with postprandial colic pain of the right upper
abdomen. Particularly female, fertile and obese patients are at higher risk
to develop gallstones.

If bile duct obstruction has been excluded, haemolysis should be includ-
ed into diagnostic workup. Several hereditary, infectious and haematologic
entities are possible causes and laboratory testing for haemolysis should be
included as an initial step towards differential diagnose. Mild hyperbilirubi-
naemia resulting from hereditary deficiency of bilirubin metabolism should
complete differentiation of jaundice.

Bacterial and parasitic hepatitis

Several bacterial or parasitic infections affect the liver either due to direct
hepatic involvement or due to effects of systemic inflammation. Bacterial
liver abscess used to be a frequent infectious complication but the incidence
has declined since potent antibiotics have been available. Bacterial liver
abscesses are usually polymicrobial, including aerobic Gram-negative or
Gram-positive species as well as anaerobic bacteria [44]. The bacteria reach
the liver either by the biliary or the haematological route. As a consequence
the biliary and splanchnic system should be intensively screened for bacte-
rial foci. Amebic abscesses are particularly observed in patients originat-
ing from endemic areas or with positive travel anamnesis. Clinical history
differentiates preceding bloody diarrhoea which characterise amebiasis
in only 10% of all cases [45]. Beside common commensal bacteria, many
other bacterial pathogens, including typhoid fever and brucellosis, might
cause hepatic deterioration. Leptospirosis, a very common zoonosis, has to
be considered if acute flu-like symptoms are accompanied by (haemolytic)
jaundice and renal impairment. Also secondary syphilis shows liver involve-
ment with hepatitis in up to 50% of all cases. Beside non-specific general
symptoms, lymphadenopathy and characteristic maculopapular rash of the
palm and soles may be observed.

For patients with a positive travel history schistosomiasis and malaria
are important differential diagnosis of human hepatitis. Particularly schis-
tosomiasis contributes to a large number of patients with liver fibrosis
worldwide and has to be considered in patients originating from endemic
areas in Eastern Asia and Northern Africa. As recurrent schistosomiasis
may aggravate progression of chronic viral hepatitis, both entities require
diagnostic attention and treatment. Particularly in Egypt where efforts to
eradicate schistosomiasis with intravenous medications have contributed to
a high HCV prevalence by contaminated syringes, co-infections with both
entities have become a serious medical burden [46]. Malaria transiently
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affects the liver throughout its lifecycle and causes haemolytic jaundice
during erythrocytic stages. Nevertheless, hepatocyte damage is observed
predominantly during Plasmodium falciparum infections and particularly
in patients with underlying viral hepatitis acute liver failure has been docu-
mented [47].

Diagnostic tests
Liver enzymes

In up to 80% of all cases, acute hepatitis does not present with clinical symp-
toms, so laboratory findings are often the only indicators for hepatitis and
help to differentiate the causes of liver damage. A population-based survey
in Europe for example has identified elevated liver enzymes (defined as
>1.5 times the upper reference limit, URL) in up to 17% of the general
population.

Elevation of alanine aminotransferase (ALT) and/or aspartate amino-
transferase (AST) ten times beyond the URL are reliable markers to dis-
criminate acute hepatic damage from unspecific or chronic causes of ALT
and AST elevations. Cut off values to identify acute hepatic injury are 200
U/l for AST (sensitivity: 91%, specificity: 95%) and 300 U/l for ALT (sensi-
tivity, 96%; specificity, 94%) [48].

A proportion of up to 18% of mild liver enzyme elevations (>1.5 x
URL) were associated with viral hepatitis in industrialised countries and the
numbers are declining due to vaccination and screening efforts. Elevated
ALT (>1.5 x URL) occurs in 63% of HCV- positive individuals and in 31%
during HBV infection [49]. In contrast, only about 4% of pronounced AST
elevations >400 U/l are caused by viral hepatitis in the patients attending
clinic [50]. Kinetics of AST and ALT elevations during acute viral hepatitis
are characterised by a gradual slope, which reaches its maximum after a
variable period of three or more weeks from onset of first enzyme elevation.
During further time-course the AST and ALT levels decline gradually. AST/
ALT Ratio <1 are regularly observed during viral hepatitis in about 90%
of the infected patients [51]. Though viral hepatitis is not the main cause,
which is responsible for severe liver damage, laboratory findings occur in
other settings.

In a significant proportion of patients (50% ) with incidentally diagnosed
AST elevations (>400 U/l), it was attributed to ischaemic hepatic events.
Particularly during very high AST and ALT elevations >3,000 U/l ischaemic
hepatitis should be considered. This laboratory findings further limits the
spectrum of potential differential diagnosis to ischaemic, toxic or acute viral
hepatitis [52]. Clinical observations of ischaemic hepatitis have shown that
the median peak ALT level reaches 1,500 U/l during congestive heart failure
and 2,100 U/l during hypoxemia [53]. At time of clinical admission patients
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Table 3. Characteristic laboratory patterns of human hepatitis
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Disease peak ALT AST/ALT ratio peak Bili PT (seconds)
(xURL) (mg/dl)

Viral hepatitis 10-40 <1 <15 <3

Alcoholic 2-8 >2 <15 1-3

hepatitis

Toxic hepatitis >40 >1 early <5 >35 (transient)

Ischemic hepatitis >40 >1 early <5 >5 (transient)

x URL, times upper reference limit; PT, prothrombin time prolongation
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Figure 1. Diagnostic algorithm of viral hepatitis

with ischaemic hepatitis often have already reached maximum peak ALT
values, suggesting that the ischaemic event causes a fast and steep incline
of liver enzymes prior to clinical admission. Therefore the ischaemic event
itself is regularly not witnessed by the clinician. During further follow up
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a fast decline of liver enzymes is typically observed during ischaemic liver
damage. Ischaemic hepatitis is also characterised by a lactate dehydroge-
nase (LDH) elevation, which reaches median peak level >2,500 U/ [53].
The mean ALT/LDH ratio is significantly lower during ischaemic hepatitis
compared to viral hepatitis and a ALT/LDH ratio >1.5 is useful to differen-
tiate ischaemic hepatitis from viral hepatitis with a sensitivity of 94% and a
specificity of 84% [54].

Toxic hepatitis shares several laboratory features of ischaemic hepatitis.
Beside fast kinetics and high peak levels of liver enzyme alterations the
ALT/LDH ratio usually does not exceed a cut-off value of 1.5 [54]. Despite
the different characteristics of toxic hepatitis the diagnosis is often missed.
The leading factor towards the right diagnosis is a careful history of toxin
or drug exposition. Uncomplicated alcoholic hepatitis is the most common
toxic hepatitis and usually presents with mild laboratory alterations. During
uncomplicated alcoholic hepatitis aminotransferases often do not exceed
>10 times the upper reference limit. It has been shown that AST/ALT ratio
>2 is reasonably specific to identify alcoholic hepatitis from other causes
of acute liver damage and the majority of patients (80-90% ) with alcoholic
hepatitis show an AST/ALT ratio >2 [51].

In the general population presenting with AST elevations >400 U/l
almost 24% of all cases were contributed to cholestatic disease [50]. Liver
enzyme elevation during mechanical biliary obstruction exceeds 2,000
U/lin 1-2%. Characteristically the elevated liver enzymes resolve within a
week despite persisting cholestasis [55]. Serum alkaline phosphatase (AP)
derived from the cholangial epithelial is an important laboratory indicator
for cholestasis. Mild AP elevations below three times the reference limit are
considered non-specific and may occur during other hepatic pathologies.
In contrast, striking AP elevations strongly suggest bile duct obstruction,
if extrahepatic (skeletal) sources of AP have been excluded. Gamma-glu-
tamyl-transpeptidase (GGT) is considered to be more specific for hepatic
pathologies, because no relevant quantities of GGT are found in bone tis-
sue. As GGT is mainly located in the microsomal cellular compartment it
may be induced by alcohol and toxic drugs. If GGT induction is suspected
the AP/GGT ratio >2.5 offers a helpful parameter to identify cholestatic
disease.

During chronic hepatitis elevation of liver enzymes shows vari-
able profiles and is even missing in a relevant proportion of patients.
Therefore, the diagnostic value to differentiate the causes of chronic liver
damage or chronic hepatitis is relatively low. Nevertheless, the AST/ALT
ratio helps to identify liver cirrhosis in patients with chronic liver disease
of different aetiology if alcoholic liver disease has been excluded [56-58].
As mentioned before combinations of laboratory parameters like AST/
ALT- and ALT/LDH-ratio or additional testing of cholestatic param-
eters might help to increase discriminatory power of liver tests regarding
chronic entities.
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Parameters of liver function

Liver function tests are mainly based on analysis of serum bilirubin, pro-
thrombine time and albumin. Time course and quantity of impaired liver
function provides additional specifications of different pathologies and
their prognosis. Hyperbilirubinaemia may indicate hepatitis and usually
shows delayed kinetics compared to aminotransferase levels. Total serum
bilirubin consists of a major conjugated (direct) and a minor unconju-
gated (indirect) fraction. If hepatocellular malfunction and hepatobiliary
obstruction is responsible for hyperbilirubinaemia the proportion of direct
bilirubin usually does not fall below 50%. Hence, lower concentrations of
direct bilirubin suggest another cause for jaundice such as haemolysis [59].
Despite the fact that hyperbilirubinaemia is associated with liver damage,
jaundice is an inconsistent finding during acute viral hepatitis. Particularly
children with acute viral hepatitis often do not develop jaundice or show
mild bilirubin elevations. A clinical observation described peak bilirubin
>171 mmol/l (10 mg/dl) in only 1% of children with acute hepatitis [60]. In
contrast adults may develop jaundice in 70% of cases of acute hepatitis A
[61],33-50% of cases of acute hepatitis B [62, 63] and about 33% of cases
of acute hepatitis C [64].

Bilirubin, prothrombine time (PT) and serum albumin help to estimate
prognosis of acute and chronic hepatic disease as the deterioration of liver
function might be associated with worse outcome. For acute hepatic dam-
age a PT cut-off >20 seconds (international normalised ratio >6.5), a total
serum-bilirubin >15 g/dl (257 mmol/l) and albumin <25 g/l indicates severe
liver damage or predicts likelihood of death [65]. Assessment of chronic
hepatic damage relies on similar variables, but other cut-off values have
been defined to estimate the outcome. In conclusion, some of these labora-
tory parameters have been included into standardised assessment of acute
and chronic liver failure and are important to define the indication for liver
transplantation for different aetiologies [66-68].

Specific serological and molecular tests

Since the introduction of specific serological and molecular tests for differ-
ent types of viral hepatitis, they are the most important diagnostic tool to
confirm or rule out different entities of hepatitis. In addition autoimmune
serology is able to narrow the panel of differential diagnosis of autoim-
mune-mediated liver diseases.

Immunoglobulin M antibodies against HAV (anti-HAV IgM) are typi-
cally present at onset of symptoms, and remain detectable for an average
of 3-6 months after infection. Some serological studies suggest that positive
HAV IgM for more than 4 months present in only about 13% of all cases.
In contrast total anti-HAV IgG titres are very durable and persist for long
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periods after infection. Therefore detection of HAV IgM is considered as
routine test to identify acute HAV infection and HAV IgG resembles past
exposure and immunity against HAV [69].

Enzyme immunoabsorbent assays (EIA) are standard diagnostic tests to
identify acute or chronic hepatitis B virus infection. The standard screening
tests are able to identify HBV infection as early as 2—-6 weeks prior to the
onset of symptoms of acute hepatitis B. The recommended standard screen-
ing test for HBV is based on the detection of hepatitis B surface antigen
(HBsAg) and hepatitis B core antigen (HBcAg) specific antibodies. In a
small proportion of patients HBsAg targeted assays fail to detect HBV
infection. These false negative HBsAg tests result from HBsAg titres below
the detection limit during chronic HBV infection and from HBsAg escape
mutations, which are not detected by antibodies employed for routine
screening. Tests against HBeAg and HBV nucleic acids are recommended
complementary tests to identify active HBV replication. In contrast, neu-
tralising anti-HBsAg antibodies (>10 IU/ml) indicate an eliminated HBV
infection or immunisation against HBV [70]. In patients with positive
HBsAg titres and a high risk of HDV infection assays of total anti-HDV
antibodies are considered as sufficient test to identify hepatitis D co- or
super-infection.

First generation EIAs to detect anti-HCV specific immunglobulins have
been introduced by 1990 as screening for HCV infection [71]. Nowadays
third generation EIAs are implemented in clinical practice, which detect a
panel of specific immunglobulins against epitopes of different structural and
non-structural HCV proteins. These third generation EIAs show a specific-
ity of about 97% and have reduced the diagnostic window after HCV infec-
tion to about 16 weeks [72]. Patients with HCV infection have detectable
antibodies in 50-70% at clinical presentation, but after three months about
90% will have developed detectable antibody titres [73]. IgM antibodies are
no reliable markers to discriminate acute from chronic HCV infection as
50-70 % of chronically HCV infected patients still show positive anti-HCV
IgM titres [73, 74]. Patients with signs and symptoms of acute hepatitis and
negative HCV serology should undergo HCV nucleic acid tests. HCV PCR
assays show a high sensitivity and are able to detect a minimal HCV RNA
threshold of 5-50 IU/ml in the serum. The high sensitivity detects active
HCV replication already 1-3 weeks after HCV infection. Quantitative
HCV RNA tests and HCV genotyping are complementary tests designed
to identify prognosis of HCV infection and to monitor response to HCV
therapy [73].

Autoimmune-mediated liver damage is associated with different types
of auto-antibodies. Indicators of AIH are elevated antibody titres directed
against liver/kidney microsomes (LKM), soluble liver antigen (SLA) and
liver pancreas antigens. An elevation of total serum gammaglobulin is
also indicative for AIH. AIH is also associated with high titres (>1/80) of
anti-nuclear antibody (ANA) and/or anti-smooth muscle antibody (SMA).
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Figure 2. Differentiation of liver disease by AST/ALT ratio

Serum specimens were obtained from patients with histologically proven liver disease. Ratio
was calculated from the highest AST and ALT levels during follow up [51]. With kind permis-
sion from Springer Science and Business Media.

The diagnostic value of auto-antibodies is limited by the fact that they are
missing in a significant number of patients with AIH. Therefore, a clinical
scoring system introduced by an international panel does not regard auto-
antibodies as an absolute prerequisite for diagnosis of AIH [40].

Another marker of autoimmune disease, anti-mitochondrial antibody
(AMA), is found in almost all patients (90-95%) with PBC [43]. The identi-
fied AMA during PBC are specifically directed against the mitochondrial
pyruvate dehydrogenase complex (M2 type of AMA), which helps to dis-
criminate other entities which may be associated with positive AMA titres.
M2 type of AMA shows a specificity of 96% and a sensitivity rate of 98%
for the diagnosis of PBC [75]. Other auto-antibodies found in patients with
PBC are SMA, ANA, rheumatoid factor and antithyroid antibodies. About
5-10% of patients have features of both PBC and AIH which is considered
as overlap syndrome [76].
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Finally, PSC which affects hepatic bile ducts is associated with high titres
of perinuclear anti-neutrophile cytoplasmatic antibodies (pANCA) in 80%
of all cases and with anti-nuclear antibodies (ANA) titres in up to 50% of all
cases [77]. Patients with PSC might share characteristics of AIH. These cases
are named autoimmune cholangitis or are classified as AIH overlap [42].

Diagnostic imaging

Diagnostic imaging is important to differentiate acute from chronic liver dis-
ease and to recognise bile duct obstruction or hepatic lesions. For this pur-
pose ultrasound is a very important cost effective screening tool and should
be routinely included in differential diagnosis of human hepatitis. Acute
liver damage for example correlates with changes of hepatic morphology
like an enlarged liver diameter, rounded liver margins and a parenchyma of
reduced echogenicity. Moreover, acute hepatic deterioration might be based
on hepatic malperfusion. In this setting, dilated hepatic veins are indicators
for hepatic congestion and duplex ultrasound might identify thrombotic
occlusions or reduced blood flow of arterial, portal or venous vessels.

The sonographic characteristics to identify pronounced liver fibrosis
or cirrhosis are quite well defined but detection of mild hepatic fibrosis is
still challenging. Predominantly, an irregular liver surface and interrupted
sonographic signals of the hepatic capsule are associated with liver fibrosis
or cirrhosis. Sonographic assessment of the liver surface reaches a sensitiv-
ity between 54% and 57% and a specificity between 88% and 95% for the
detection of liver fibrosis or cirrhosis [78-80]. Relative hypertrophy of the
caudal lobe, changes of the liver diameters and irregular patterns of the
intrahepatic vessels are additional signs of chronic liver damage [78, 81].
Further assessment of the venous blood flow, arterial resistance and portal
velocity might increase the sensitivity for the detection of liver cirrhosis or
portal hypertension [78, 82, 83]. Splenomegaly is an extrahepatic indicator
for portal hypertension and could identify haemolytic disease, especially if
sonographic signs of liver cirrhosis are absent. Finally, enlarged lymph nodes
localised in the liver hilum may indicate viral hepatitis [84]. Unfortunately,
differentiation of hepatic fibrosis from hepatic steatosis is hampered by
the fact that characteristics of hepatic steatosis, like increased parenchymal
echogenicity and ultrasound absorption, often lead to underestimation of
coexisting mild fibrosis 79, 85].

Cholestatic disease is a crucial differential diagnosis of human hepatitis.
Cholestasis is routinely identified by ultrasound, depending on the anatomic
site of biliary obstruction. Beside gallstones and cholecystitis, where the sen-
sitivity reaches more than 95%, ultrasound is reasonably sensitive (~75%)
for detection of intrahepatic cholestasis, whereas sensitivity for detection
of choledocholithiasis without dilated bile ducts drops to 50%. Computed
tomography reaches similar levels of sensitivity for detection for biliary
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obstruction, e.g., about 75% [86]. Further improvement of biliary imaging
has been proposed by magnetic resonance cholangiography but is not yet
available for routine use. Up to now, endoscopic retrograde cholangioscopy
(ERC) is the most sensitive diagnostic tool to identify biliary pathologies
and should be considered if biliary obstruction is suspected for clinical
reasons. ERC also detects minimal bile duct irregularities and therefore is
considered the golden standard for diagnosis of PSC and offers treatment
options for dominant strictures or biliary concrements [42].

Beside ultrasound which is a valuable tool to screen and monitor focal
hepatic lesions, contrast enhanced computed tomography (CT) is the stan-
dard procedure to confirm hepatic metastasis or HCC. Especially in context
of liver cirrhosis early arterial phase enhancement of HCC nodules allows
detection of HCC. Compared to ultrasound, which reaches a sensitivity of
71% enhanced CT shows a sensitivity of 82% or more for the detection of
HCC. Therefore CT is standard for the baseline assessment and monitoring
of cirrhotic livers in context of HCC treatment [87, 88]. Contrast enhanced
ultrasound appears to be a very promising alternative and might be equiva-
lent for the diagnosis of HCC and other focal hepatic lesions.

Histology

Histo-morphological assessment of the liver is a hallmark of differential
diagnosis. Liver histology defines the inflammatory activity of hepatitis and
is able to quantify the extent of acute and chronic liver damage caused by
different entities. Hence, liver histology may predict the prognosis of the
underlying liver disease.

Viral hepatitis is characterised by necro-inflammatory changes and
chronic fibrotic alterations of liver histology. The heterogenic manifestation
of hepatic necrosis during viral hepatitis may show focal lobular necrosis
restricted to hepatic lobules, piecemeal necrosis of the periportal plate or
extensive bridging necrosis, which is not restricted to the hepatic lobule.
The typical inflammatory infiltrates during viral hepatitis consist of mono-
nuclear cells [89]. Additional cytopathic effects of viral hepatitis have been
suggested, such as bile duct lesions and hepatic steatosis, which are more
common features during hepatitis C compared to hepatitis B [90-92]. To
quantify the inflammatory activity (grading) and the fibrotic damage (stag-
ing) during viral hepatitis standardised scores have been introduced. The
extent of cellular infiltrates and hepatic necrosis are included in the assess-
ment of inflammatory activity. Histological grading quantifies extent of
periportal fibrosis, the formation of septal fibrosis up to the destruction of
portal architecture in case of complete cirrhosis [89, 93].

The histological signature during hepatitis might discriminate other
entities from viral hepatitis. AIH often causes a more pronounced picture
of hepatic damage at the time of diagnosis. Hence, hepatocellular necrosis,
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multinucleated hepatocytes and broad areas of parenchymal collapse are
typically observed in AIH. Whereas bile duct damage or loss and hepatic
steatosis are uncommon during AIH [94]. Primary biliary cirrhosis (PBC)
is characterised by a chronic non-suppurative destructive cholangitis of the
small bile ducts. Granuloma formation, progressive loss of bile ducts and cel-
lular infiltrates with an non-homogenic distribution throughout the liver are
typical findings [43]. Histology of PSC may also show bile duct destruction,
signs of cholangitis and cholestasis. Nevertheless, a precise cholangiographic
assessment is the most important diagnostic tool, as PSC usually affects the
median and large bile ducts [42, 95]. Also granulomatous hepatitis is a com-
mon histological finding, which is found in 2-10% of liver specimens. Beside
PBC mentioned above, the causes of granulomatous hepatitis include auto-
immunological, infectious and toxic entities. Sarcoidosis and tuberculosis
remain the most important differential diagnosis and are responsible for
50-60% of all cases with granulomatous hepatitis. Furthermore, the differ-
ential diagnosis of granulomatous hepatitis should be extended in patients
with acquired immunodeficiency syndrome to atypical mycobacteria, histo-
plasmosis and cryptococcosis. If no specific pathology could be identified
toxic medications should be considered as alternative cause.

Conclusions

Differential diagnosis of human hepatitis should always consider the most
common causes of liver damage, which includes steatohepatitis, alcohol con-
sumption, viral hepatitis and biliary obstruction. The most frequent causes
of acute hepatic deterioration with particularly high liver enzyme elevations
are viral hepatitis, hepatic ischaemia and toxic events. Differential diagnosis
of chronic human hepatitis needs to be extended to hereditary metabolic
defects and autoimmune diseases if other common hepatic pathologies are
unlikely. Patient groups with risk factors for rare entities of human hepatitis
require a specific diagnostic approach.

In laboratory assessment elevated liver enzymes are usually the first
indicator for human hepatitis. Additional parameters of liver function are
essential to estimate prognosis and extent of underlying liver damage. Viral
serology should always be included into the diagnostic algorithm as it is
highly reliable to detect or exclude viral hepatitis. Further special diagnos-
tic tests, for example auto-immune serology, may be applied depending on
specific patient history and clinical findings.

Finally, ultrasound of the liver parenchyma is a cost effective method to
screen for biliary obstruction, hepatic masses and pronounced liver fibrosis
or cirrhosis; it is therefore recommended during differential diagnosis of
human hepatitis. Liver biopsy may complete the diagnostic approach, if
either the underlying hepatic pathology remains obscure or a definite quan-
tification of liver fibrosis and hepatic inflammation is mandatory.
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Abstract

Hepeatitis is defined as a necroinflammation of the liver displaying liver cell damage,
inflammatory cell infiltrates, and regeneration to a variable extent. In contrast to acute
hepatitis, which is characterised by a self-limiting damage of the acinar parenchyma,
chronic hepatitis is pathomorphologically defined by the persistence of necroinflamma-
tion, portal predominance of mononuclear inflammatory infiltrates, and the development
of fibrosis. Whereas HAV and HEV do not cause chronic hepatitis in humans, HBV
(alone or in combination with HDV) and HCV infection may result in chronic liver
disease in humans, which may progress to liver cirrhosis and HCC. Initial animal models
for the study of viral hepatitis belonged to the group of nonhuman primates, especially
chimpanzees, which can be infected by human hepatitis viruses. These models develop
a milder acute hepatitis compared to humans and although chronic hepatitis may also
develop, progressive liver disease and liver cirrhosis are generally absent. In the case of
HBY, several mammalian and avian HBV-related viruses are known. The most intensive-
ly characterised model is the Eastern woodchuck infected with WHV. This example is the
only model in which chronic liver disease and HCC frequently develop. Recently, the tree
shrew (Tupaia belangeri) has become an interesting model since it can be infected with
human hepatitis viruses, it can be handled more easily compared to chimpanzees, and it
can be used in transplantation models. Additionally, several transgenic mice and human
mouse chimera have been developed, which allow for the studying of viral replication
and novel therapeutic approaches in vivo.

Introduction

Comparative pathology of hepatitis may address several topics: the dif-
ferences between acute and chronic hepatitis, differences in histological
features due to causative agents as well as typical and atypical forms of
hepatitis (e.g., following liver transplantation). Additionally, the features
of hepatitis can be compared between different species, e.g., humans and
rodents. Finally, certain areas within human hepatitis can be studied in ani-
mal models.
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Hepatitis represents a necroinflammation of the liver, which is histologi-
cally characterised by a variable extent of liver cell damage, inflammatory
cell infiltrates, and regeneration. In contrast to acute hepatitis, which is
characterised by a predominance of damage in the acinar parenchyma,
chronic hepatitis is pathomorphologically defined by the persistence of
necroinflammation, the predominance of portal mononuclear inflammatory
infiltrates, and variable necroinflammatory activity at the portal-parenchy-
mal interface, as well as the development of fibrosis.

The morphological pattern of hepatitis
Acute hepatitis
General aspects

The severity of acute hepatitis may vary from asymptomatic to fulminant
hepatic failure. Accordingly, the histological changes seen in acute hepatitis
may vary. Mild acute hepatitis typically shows a variable picture including
hepatocellular swelling, single cell necrosis, apoptosis (acidophilic bodies),
cholestasis (canalicular and hepatocellular), acinar inflammation, Kupffer
cell activation (prominence, ceroid phagocytosis), and liver cell regenera-
tion. The combination of hepatocellular cell death (‘drop-out’) and small
regenerating hepatocytes may lead to a disarray of liver cell plates, which is
an important diagnostic criterion of acute hepatitis. Of note, a mild portal
inflammation (mostly lymphoplasmacytic), sometimes even including some
mild bile duct damage, may be a minor component of acute hepatitis. In
contrast to chronic hepatitis, portal inflammation does not predominate
and the outline of the portal tract remains well defined towards the acinar
parenchyma. In more severe disease, there may be confluent necroses, fre-
quently pronounced around perivenular areas, or even bridging necroses
connecting central-portal or central-central areas. Consequently, a collapse
of the reticulin fibre framework may be seen in appropriate stains (e.g.,
modified Gomori’s), which may be replaced by fibrous scarring after the
hepatitis has resolved. In case of extensive confluent necroses, a ductular
reaction, which consists of ductular proliferations, associated fibrosis and
neutrophilic infiltration occurs at the portal interface. This feature may
mimic extra-acinar cholestasis (e.g., bile duct obstruction) and has thus to
be differentiated. In case of fulminant acute hepatitis, panacinar and mul-
tiacinar necrosis are observed, which are associated with approximation of
individual portal tracts, large collaptic areas and extensive futile ductular
reaction.

Acute hepatitis may be caused by viral infection (e.g., hepatotropic
viruses, but also Epstein-Barr virus (EBV), cytomegalovirus (CMV), Herpes
simplex virus (HSV), Varicella zoster virus (VZV), adenovirus, enterovirus,
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etc.), drugs, toxins, alcohol exposure, bacterial infection as well as autoim-
munity, and Wilson’s disease.

Since there are only a few pathognomonic features that allow a precise,
histologically based definition of the etiology, it is rather the challenge for
the clinician than for the pathologist to determine the underlying etiology.
Nevertheless, a specific and sometimes overlapping pattern may point to the
underlying etiology.

Specific features in acute hepatitis

The histological spectrum by which the liver may react to certain agents or
damage is limited. Nevertheless, an evaluation of the morphological injury
pattern including the recognition of subtle features (e.g., acidophilic bod-
ies, eosinophils) may allow for the identification of the causative agent.
Additionally, immunohistological and molecular pathological analyses may
allow diagnosis in a subset of cases. The most important diagnostic patterns
include virus-type hepatitis, steatohepatitis, zonal restricted parenchymal
damage, mononucleosis-like hepatitis, granulomatous hepatitis, and focal
necrotising hepatitis.

Virus-type hepatitis

The typical lesion in acute virus hepatitis consists of spotty cytolytic
necrosis resulting in a ‘drop-out’ of individual hepatocytes within the
hepatocellular plates and apoptosis resulting in acidophilic bodies (Fig.
1A). The remnants of these cells are either removed by blood flow or they
are phagocytosed leading to ceroid-laden macrophages and prominence
of Kupffer cells.

In hepatitis A virus (HAV) and hepatitis E virus (HEV) infection,
there may be two common, sometimes overlapping pictures pointing to
the causative agent: one includes a periportal accentuated inflammatory
pattern, rich in plasma cells, with no or little perivenular necrosis [1, 2]. The
second feature is so-called cholestatic hepatitis with prominent perivenular
cholestasis and only minimal inflammatory infiltration. Rarely, HAV may
present as acute hepatic failure [3].

Steatohepatitis

Steatohepatitis represents the progressive form of fatty liver disease and
is defined by three histological features: steatosis, ballooning and necroin-
flammatory lesions [4, 5]. The histological changes are usually pronounced
in the perivenular region. Eventually lipogranulomas, Mallory-Denk bodies
and glycogenated nuclei may be seen. Steatohepatitis is usually caused by
chronic alcohol abuse or non-alcoholic conditions including adipositas, type
II diabetes mellitus, metabolic syndrome and drugs (e.g., amiodaron, nife-
dipine, steroids).
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Figure 1. Hepatitis pattern: (A) Viral-type hepatitis pattern showing focal cytolytic liver cell
necrosis and acidophilic bodies. (B) Zonal pattern: There is perivenular necrosis with leucocytic
demarcation and haemorrhage in this case of drug-induced hepatitis. (C) Hepatic sarcoidosis
with epithelioid cell granuloma with multinucleated giant cells. (D) EBV-hepatitis with single-
file rowing of leucocytes showing some nuclear atypia.

Zonal pattern

The zonal pattern shows necrosis restricted to a certain area of the liver
acinus, in particular of the acinar zone 3, as seen in ischaemic liver cell dam-
age (Fig. 1B). This pattern may sometimes be observed in severe acute viral
hepatitis, but particularly when associated with prominent eosinophilic or
neutrophilic infiltration, cholestastis, or peribiliary basophilia may point to
drug- and toxin-induced liver disease (e.g., phenprocoumon) [6]. Notably,
drug- or toxin-induced hepatitis, which can produce all forms of acute,
chronic, vascular and neoplastic liver diseases, has to be considered gener-
ally in hepatitis of uncertain etiology [7].

Mononucleosis-like hepatitis

The mononucleosis-like pattern shows only mild or absent liver cell dam-
age and prominent lymphocytes are seen within the hepatic sinusoids, typi-
cally with single file-like rowing, and portal tracts (Fig. 1D). This pattern is
typical for acute liver involvement in EBV infection. In some cases of acute
hepatitis C virus (HCV) infection, there may be a prominent intrasinusoi-
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dal lymphocyte aggregation without severe liver cell damage, reminiscent
of EBV hepatitis [8]. An additional differential diagnosis for this pattern
includes malignant lymphoma (e.g., hepatosplenic T-cell lymphoma) [9].
Immunohistological and molecular pathological analyses (detection of viral
nucleid acids, clonality of T-cell receptor rearrangement) may allow differ-
entiation in most cases.

Granulomatous pattern

Hepatic granulomas consist of histiocytic, even epithelioid cells, a varied
number of mononuclear cells and (sometimes) multinucleated giant cells.
Histologically caseating (e.g., tuberculosis) granulomas, non-caseating gran-
ulomas, lipogranulomas, and fibrin ring granulomas can be differentiated. In
most cases, hepatic granulomas develop in response to infections (especially
bacterial or parasitic), drug hypersensitivity (e.g., acetylsalicylic acid, amoxi-
cillin) or systemic diseases (e.g., sarcoidosis, Fig. 1C). Histochemical stains
like PAS, Gram, Giemsa, Grockott, Warthin-Starry, or Hale may be helpful
for determining the cause of a given granuloma.

Caseating granulomas in contrast to non-caseating granulomas show a
central necrosis surrounded by epithelioid cells, multinucleated giant cells
and histiocytes. They are typically seen in tuberculosis (Fig. 2D). Non-case-
ating granulomas in portal tracts near damaged bile ducts are almost cer-
tainly due to primary biliary cirrhosis. Lipogranulomas are frequently seen
in steatohepatitis and consist of a fat vacuole surrounded by lymphocytes.
Occasionally, fibrin ring granulomas composed of a fat vacuole surrounded
by a ring of fibrin, epithelioid cells, giant cells and neutrophils may be seen.
They may be observed in infectious diseases (e.g., Q fever), systemic dis-
eases (Hodgkin’s disease, systemic lupus erythematodes) or drug-induced
liver damage (allopurinol) [10-13].

Focal necrotising pattern

The focal necrotising pattern of acute hepatitis shows non-zonal restricted
group or bridging necrosis with haemorrhage, which may be demarcated
by polymorphic neutrophils. This type of acute hepatitis is mainly seen in
atypical forms of hepatitis (including HSV- (Fig. 2A), VZV-, adenovirus
(Fig. 2B), enterovirus etc.) and most frequently occurs in the setting of
immunosuppression. Atypical hepatitis differs from classical hepatitis in
that it frequently allows diagnosis due to additional typical morphological
features. Adenoviral infection, which rarely occurs in liver allografts, may
mimic CMV hepatitis (microabscess formation, Fig. 2C) in its initial stages,
but may proceed to confluent haemorrhagic necroses resulting in usually
fatal infection [14]. Beside haemorrhagic necroses, the presence of ‘smudge
cells’ is a diagnostic feature in adenoviral hepatitis. Another frequently fatal
viral infection is acute necrotising Herpes simplex or Varizella zoster hepa-
titis, which show characteristic eosinophilic or basophilic nuclear inclusions
(Cowdry bodies) in viable hepatocytes adjacent to necroses [15].
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Figure 2 Atypical hepatitis: (A) Focal necrotising Herpes simplex hepatitis. Note the eosi-
nophilic cowdry-type nuclear inclusions in the vital hepatocytes adjacent to the necrosis (insert:
HSV-immunohistochemistry). (B) Focal necrotising adenovirus hepatitis with numerous
smudge cells (insert). (C) Microabscess formation in CMV-hepatitis (insert: CMV-immunobhis-
tochemistry). (D) Hepatic tuberculosis showing caseating necrosis surrounded by epithelioid
granuloma with langhans type multinucleated giant cell.

Chronic hepatitis
General aspects

In adults, chronic hepatitis is primarily grouped according to the underlying
etiology [16]. Thus, infections, drugs/toxins, autoimmunity, metabolic, inher-
ited diseases and non-defined ‘cryptogenic’ mechanisms are differentiated.

Classical infectious agents causing chronic hepatitis include hepatitis
B virus (HBV) infection (alone or in combination with hepatitis D virus
(HDV)) and HCV infection. Infrequently, EBV infection may induce
chronic hepatitis [17]. Whether a few bacteria such as the Helicobacter spe-
cies may cause chronic hepatitis or accelerate disease progression is rather
questionable [18]. Beside pure autoimmune hepatitis, so-called autoim-
mune overlap syndromes with primary biliary cirrhosis (PBC) and primary
sclerosing cholangitis (PSC) are diagnosed very infrequently. The list of
medications which may induce chronic hepatitis is still growing due to the
increasing number of approved drugs. Classical agents include antibiotics
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(e.g., nitrofurantoine) and antiepileptics (e.g., phenytoin). Importantly, even
herbs such as the Chinese medicinal herb Jin Bu Huan have been identi-
fied to induce chronic hepatitis. Metabolic diseases mostly do not belong to
the classical etiological spectrum of chronic hepatitis, although especially
Wilson’s disease may show hepatitic features.

Pathomorphology and special features of chronic hepatitis

By definition, chronic hepatitis shows a predominance of portal inflamma-
tion. Interface hepatitis (in older terminology: piecemeal necrosis), acinar
inflammation, and portal or septal fibrosis are facultative features. Disease
progression is driven by the extent of interface hepatitis and is morphologi-
cally characterised by cytoplasmic degeneration and apoptosis of periportal
hepatocytes in close contact with infiltrating lymphocytes. The features
of cytoplasmic degeneration include hepatocellular ballooning, granular
aggregation of cell organelles and partial dissolution of nuclear and cellular
membranes [19].

The morphology-based definition of the underlying etiology is not
possible in most cases and it requires the clinical-pathological context to
prevent non-essential additional diagnostic procedures. Thus, clinical and
serological information are important for the assessment of a liver biopsy
specimen. Nevertheless, there are several characteristic features indicating
the causative agent. In case of HBYV, these include ground-glass hepatocytes
(Fig. 3A) or so-called ‘sanded nuclei’ (frequently in immunosuppressed
patients). Ground-glass hepatocytes are the morphological correlate of
HBs antigen overload of the endoplasmic reticulum. 