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than 30 years [19]. Factors associated with more frequent and rapid progres-
sion to cirrhosis are higher age at the time of infection, male sex, alcohol 
consumption, coinfections with HBV or HIV, nonalcoholic fatty liver dis-
ease (NAFLD), hepatic iron overload, smoking and immunosuppression. 
Comprehensive management of chronic hepatitis C takes these factors into 
consideration and aims at improving the ones that can be modified.

Once cirrhosis is established, the rate of HCC development is 1–6% 
per year. HCV infection is responsible for a substantial proportion of the 
increase in HCC incidence and mortality recently observed in most Western 
countries [20]. Although experimental evidence raises the possibility that 
HCV might operate through direct pathways in promoting malignant trans-
formation of hepatocytes, it is generally believed that HCC associated with 
chronic hepatitis C develops through a general pathway of increased liver 
cell turnover, induced by chronic liver injury and regeneration, facilitating 
the development and manifestation of multiple and stepwise genetic altera-
tions [21].

Figure 1. Natural history and management of hepatitis C. Comprehensive management of 
hepatitis C involves not only antiviral therapy but also preventive measures, liver transplanta-
tion (LT) for patients with end-stage liver disease, surveillance for hepatocellular carcinoma 
(HCC) in patients with cirrhosis, and the control of cofactors of disease progression, including, 
among others, alcohol, hepatitis B virus (HBV) or other coinfections, and overweight.























































124 Manfred H. Wolff and Axel Schmidt

parts: (i) a 5’ non-coding region (NCR) that comprises approximately 10% 
of the genome, (ii) an open reading frame that encodes all of the viral pro-
teins and (iii) a short NCR [16]. RNA sediments at 33 S and has a buoyant 
density of 1.33 g/mL [9]. With RNA extracted from cells or transcribed from 
cloned amplified cDNA cultured cells can be transfected [9, 18]. RNA also 
has been translated in vitro demonstrating that the viral genome follows the 
same translation strategy as the monocistronic genomes of the other picor-
naviruses [19]. The 5’ untranslated region functions as an internal ribosome 
entry site to which the genome-linked protein VPg is covalently linked. The 
virus enters the cell by acid-independent receptor-mediated endocytosis. 
Genomic replication occurs within the cytoplasm, and the corresponding 
replicase is a virus-encoded 3D RNA-dependent RNA polymerase which 
generates partially double-stranded replicative intermediate RNA. The 
egress mechanism after virion assembly within cytoplasmatic membrane 
vesicles is still unknown and a matter of current research.

Although 3–7 genotypes of HAV have been characterised [20, 21], only 
one major serotype can be defined so that there appears to be no variation 
detectable by serology in these neutralisation sites.

Figure 1. Electron microscopic image of HAV (Hepatitis A virus/strain HM 175); the bar rep-
resents 60 nm.
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depth of 0.9 cm for 1 min) or formalin treatment (3% for 5 min) the virus 
will be destroyed rapidly [27, 28]. Against chemicals, especially such which 
are contained in disinfectants, HAV is relatively resistant. Inactivation by 
glutaraldehyde or peracetic acid (Figs 2c and 2d) is possible in a proper time 
and concentration, whereas alcohols are not able to decrease the infectivity 
in a suitable time (Fig. 2b).This is problematic because hand disinfectants 
usually contain alcohols. In our hands none of the tested commercially 
available disinfectants showed a log 10 reduction factor which satisfies the 
requirements of the corresponding German authorities (BGA/DVV; M.H. 
Wolff, S. Probst, unpublished results), internationally representative as key 
opinion leaders within this field.

Propagation in cell culture

It is still difficult to grow HAV in cell culture. Especially the isolation of 
wild-type virus from the faeces of a patient often fails. HAV shows a strong 
tissue tropism. Permissive cell lines are the AGMK, FRhK-4, and BSC-1 
cell-line. There are several virus strains which are used for research; the 
cytopathic HAV variant HM 175 characterised by T. Cromeans et al. (1989) 
[29] is frequently used for studies. This strain can be propagated in foetal 
rhesus monkey kidney cells (FRhK-4). On these cells a typical cytopathic 
effect (CPE) is visible 10–14 days after infection (Fig. 3).

Transmission

Transmission of HAV usually occurs by the faecal-oral route either by direct 
close contact with infected persons or by ingestion of virus-contaminated 
water or food. In these cases the amount of virus incorporated plays an 

Figure 3. HAV: Cytopathic effect (CPE) in FRhK- 4 cells: typical CPE occurs 7 days post infec-
tionem: A) Control (mock-infected), B) HAV-infected: typical CPEs













































































164 Achim Harder and Heinz Mehlhorn

amoebae in biopsy material; b) In extraintestinal amoebiasis imaging pro-
cedures such as ultrasound and computed tomography are used to detect 
appropriate organ manifestations and structural defects. At the same time 
serological detection of specific antibodies to Entamoeba histolytica is an 
important, often pivotal diagnostic tool.

To distinguish it from other apathogenic intestinal amoebae (e.g., 
Entamoeba dispar), particularly in the case of asymptomatic infections, 
Entamoeba histolytica should also be characterised immunologically or 
genetically.

Immunological characterisation using monoclonal antibodies to specific 
epitopes of Entamoeba histolytica is also available as well as the genetic 
characterisation on the basis of specific DNA sequences, e.g., within the 
rRNA gene.

The genome of Entamoeba histolytica is currently being sequenced. It 
probably comprises 20 megabases which are distributed over 14 chromo-
somes.

Treatment

Infection with Entamoeba histolytica must always be treated.
Asymptomatic intestinal Entamoeba histolytica infections should be 

treated with diloxanide fuorate or paromomycin for 10 days. All Entamoeba 
histolytica infections with intestinal or extraintestinal clinical manifestations 

Figure 4. Computer tomographies of a liver with an abscess due to E. histolytica
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hair, measuring up to approximately 10 cm in length in the adult stage, with 
marked hepatotropism.

Epidemiology 

The parasite is prevalent worldwide and its principal hosts are rodents, pre-
dominantly rats, in which prevalence rates may be as high as 80% or more. 
Infection in humans is rare. Approximately 40 confirmed cases, in total, 
have been reported in North and South America, Africa, Asia and Central 
Europe, although it is likely that a number of cases remained unreported.

Transmission, multiplication and incubation period 

Humans are infected by oral ingestion of the parasite’s embryonated (larva-
containing) eggs.

Figure 30. Light micrograph of a section showing a layer of eggs in the liver
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and LSEC (Fig. 1). Due to the small sinusoidal diameter (7–10 μm) leuko-
cytes and red blood cells that pass through the vessels cause a sinusoidal 
‘massage’ or ‘forced sieving’ that increases fluid exchange between the 
sinusoidal lumen and the space of Dissé [9]. In contrast to microvascular 
endothelial cells in most other tissues, LSEC have fenestrations that allow 
for fluid exchange to occur between the blood and hepatocytes. The size of 
fenestrae is dynamically regulated and allows for passage of chylomicrons 
into the space of Dissé [10]. There is no basal membrane and tight junctions 
between adjacent LSEC are lacking. Although hepatocellular microvilli can 
protrude through endothelial fenestrae, the cumulative surface of LSEC is 

Figure 1. Schematic demonstration of a hepatic sinusoid. The lumen of the sinusoidal blood 
vessel is lined by liver sinusoidal endothelial cells. Liver-associated lymphocytes (LAL), a het-
erogeneous population of NK, NKT and T-cells, as well as bone marrow-derived liver resident 
macrophages, Kupffer cells, reside within the lumen of the sinusoids. LSEC physically separate 
cells and molecules circulating with the blood from hepatocytes. The area between hepatocytes 
and LSEC is called the space of Dissé. Stellate cells are located inside the space of Dissé giving 
them the possibility to control the diameter of the sinusoid. 









The liver as immune escape site for pathogens 347

subapical compartment (SAC) [35, 36]. After exit from the ARE/SAC, pIgR 
is transported to the apical plasma membrane. During this transport or at 
the plasma membrane pIgR is cleaved at the extracellular domain and this 
cleaved part is called the secretory component (SC) [37]. dIgA which has 
been bound to pIgR and is now in complex with cleaved SC is called secre-
tory IgA (sIgA) (Fig. 2).

Binding of luminal IgA to virus and subsequently to pIgR on mucosal 
surfaces may therefore allow virus to cross the epithelial barrier. As men-
tioned above pIgR is endocytosed at the basolateral side irrespective if 
dIgA is bound or not. Transcytosis of ‘empty’ pIgR may thus allow for bind-
ing of luminal IgA to occur at the apical plasma membrane. This is possible 
because, at least in the MDCK model, pIgR molecules are not completely 
cleaved. IgA bound to pIgR at the apical plasma membrane has been shown 
to be transcytosed in a retrograde fashion and to be released at the basolat-
eral side [38]. This empty pIgR can also bind HAV-IgA complexes on the 
apical side and transcytoses it back to the basolateral side where HAV-IgA 
complexes are released (Fig. 2). Such HAV-IgA complexes are shown to 

Figure 2. The different mechanisms of transcytosis. Immunglobulins or immunglobin/antigen-
complexes are transported through cells after binding to specific receptors (left). The pIgR 
transports dIgA molecules, produced in the lamina propria, across the epithelial cell layer 
in a basolateral to apical direction into the lumen. The reverse mechanism, the transport of 
IgA-Antigen complexes from the lumen (apical) to the basolateral side of the cell, is also pos-
sible, but to a lesser extent. For IgG, the receptor involved in transcytosis is FcRn, which can 
transport IgGs and IgG-Antigen-complexes in both directions. In the middle, the direct, recep-
tor-independent transport of particles through caveolae is depicted. Furthermore, transport 
of virus can occur independent of transcytosis through transinfection. Thereby a cell, which is 
not infected by the virus, transports virus bound to its surface across cell layers. After transmi-
gration the cell mediates infection in trans of the target cells, where the virus then replicates 
(right).
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