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HCV infection results in chronic hepatitis in most pa-
tients. The mechanisms determining liver damage and the
events that lead to a high rate of chronic hepatitis remain
unclear. In present study, an attempt was made to sum up
data on lesions in the liver in the course of chronic type C
hepatitis including those of our own cases, because that
pattern is still a matter of debate. Cell lesions detected by
light microscopy are characteristic but not specific and
included inflammatory lesions of low or moderate intensity
and a mild extent of fibrosis in the liver. The common and
most characteristic trait of chronic HCV infection involves
lesions in hepatocyte nuclei. These changes involved swell-
ing, altered shape, hyperchromasia, disturbed nuclear chro-
matin structure, enlarged and frequently multiple nucleoli
and lesions of nuclear envelope. Complexes of tubules or
branching fibrils of 20 - 30nm in diameter were present in
cell nuclei at electron microscope level. The nuclear lesions
were accompanied in the same cells by changes in rough
endoplasmic reticulum with long tubular structures or
branching fibrills inside. Other cytoplasmic changes included
mitochondrial lesions, numerous lipid vacuoles and free tubu-
lar structure of a highly osmophilic character. Cellular locali-
sation of HCV proteins using immunocytochemical techniques
remains to be a matter of studies. In most studies HCV proteins
have been detected in the cytoplasm although some reports
indicate nuclear localisation, especially of C protein. All our
observations on morphological lesions in chronic type C he-
patitis can generally confirm most of data of other authors, but
the criteria of nuclear lesions defined at the ultrastructural
level represent the original input of our studies. The studies
using molecular biology techniques should be continued at the
electron microscope level.

Introduction

The hepatitis C virus (HCV) was described for the first
time in 1989 by the team of Chiron Corporation [27]. It was
classified as belonging to Flaviviridae family [35]. HCV
represents the principal cause of hepatitis previously de-
scribed as non-A non-B cases and described in the seventies

as post-transfusion hepatitis [2]. The proportion of hepatitis
with chronic transformation following this infection reaches
up to 85% of cases, independently of patient’s age [2, 22, 59,
82]. Chronic type C hepatitis leads to liver cirrhosis in at least
20% of patients within 20 years which follow the infection
[17]. In the course of chronic type C hepatitis, however, the
necrotic-inflammatory lesions seem to result in stroma rec-
onstruction and early cirrhotic lesions more rapidly, particu-
larly in young adults [41]. The risk of hepatocellular
carcinoma development amounts to 1 - 5% after 20 years of
the chronic process and increases each year by 1 - 4%, if liver
cirrhosis has already developed. In general, HCV infection
is regarded to be a more important risk factor for hepatocel-
lular carcinoma development than that associated with HBV
infection [30, 59].

Principal pathogenic mechanisms of chronic
HCV infection

Although hepatitis C virus affects mainly hepatocytes,
the tropism is controversial, and the mechanisms of cell entry
remain unknown. HCV can replicate and persist also in other
cells of human body, i.a., in peripheral blood mononuclear
cells [18, 39, 49] and pluripotent hematopoietic CD34+ cells
[74]. Pileri et al. demonstrated that human CD81 is sufficient
for binding not only the envelope protein (E2) but also HCV
particles. Given the wide distribution of CD81, these results
imply that HCV can bind to a variety of cells other than
hepatocytes [71]. HCV can induce both acute and chronic
lesions in hepatocytes. In contrast to HBV infection, HCV
infection results in chronic hepatitis in most patients [2, 22].
The lesions may lead to the development of primary cancer
of the liver [30, 84]. The mechanism of carcinogenesis by
HCV is poorly understood. HCV is a typical RNA virus, and
thus there is no integration of the viral genome or a piece of
genome into host chromosomes. In the development of
hepatocellular carcinoma following HCV infection direct
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involvement of HCV core protein has been suggested [65],
though other studies do not support the hypothesis [52]. 

Pathogenesis of persistent HCV infection is dominated
by specific defects of cell-mediated immune responses [55].
At the acute stage of the infection, CD8 lymphocytes recog-
nise epitopes of structural and non-structural HCV proteins,
including mainly NS3, NS4 and, to a lesser extent, NS5, but
lymphocytes count in peripheral blood is low, which indi-
cates that the cells accumulate first of all in the liver [23].
The cytotoxic lymphocytes, which infiltrate the liver, recog-
nise HCV antigens in the context of MHC class I antigens
[55]. A preferential presentation of selected HCV peptides
may take place, with disturbed presentation of the other
peptides. As shown by experiments on chimpanzees, the
HCV protein epitopes may, in addition, exhibit variability
and thus will not always be effectively recognised by CD8
lymphocytes [87]. In the chronic type C hepatitis, the inef-
fective cytotoxic response of CD8 lymphocytes is accompa-
nied by a disturbed equilibrium of Th1 and Th2 helper
lymphocytes. In this case, the disturbance involves pre-
valence of Th2 lymphocyte activity in the peripheral blood
and of Th1 cells in the tissue [10, 58]. Infiltrates of lymphoid
cells in the liver portal spaces have been found to contain
high levels of CD20, CD4, CD8, LFA, ICAM-1 and VCAM-
1 molecules [6]. In the liver-infiltrating helper lymphocytes,
Th1 subpopulation prevailed, capable of IFN-γ secretion but
unable to release IL-4 and IL-5 [10]. This may indicate
activity of mechanisms, which support responses of cyto-
toxic CD8 lymphocytes. According to other hypotheses, the
persisting intrahepatic prevalence of Th1 lymphocytes and
of the released by them cytokine profile reflects compart-
mentalisation of cytotoxic response effectors in the liver,
which fails to yield an effective reaction to viral antigens
[60]. In chronic type C hepatitis, the inflammatory infiltrate
contains also activated cells of myelomonocytic line [61]. A
role of macrophages in the pathogenesis of chronic type C
hepatitis has not been fully clarified [32, 61].

Chronic HCV infection is associated with several
extrahepatic diseases, including most cases of type II and
type III cryoglobulinemia, B lymphocyte proliferative dis-
orders characterized by polyclonal B cell activation and
autoantibody production [39, 42, 71]. Identification of the
interaction between CD81 and HCV could help to elucidate
the pathogenesis of HCV-associated diseases [71]. The mu-
tations within HCV RNA (particularly within its envelope
region) may also modify cellular tropism of HCV [17].

Standards in histopathological evaluation of
liver biopsy in chronic hepatitis

Chronic hepatitis encompasses a syndrome of clinical,
biochemical and pathomorphological signs and symptoms,
which persist for at least 6 months [29]. Chronic hepatitis C

is defined as an inflammatory disease of the liver caused by
hepatitis C virus, lasting 6 months or more, with the potential
to progress to cirrhosis or associated with cirrhosis [46].
Morphological and aetiological classification of chronic he-
patitis has been undergoing substantial modifications within
the last 30 years [19, 64]. Application of terms such as
chronic persistent hepatitis or chronic active hepatitis is no
longer recommended, particularly in the case of chronic type
C hepatitis, because the distinction is difficult in this type of
infection: in several sites piecemeal necrosis may be patchy
and subtle [8, 79]. In order to objectify histopathological
appraisal of liver biopsies in chronic viral infections, at-
tempts are made to establish optimum point systems to
estimate severity of the morphological lesions [11, 19, 78].
The systems include separate appraisal of activity of the
inflammatory process (grading) and evaluation of the ad-
vancement of fibrosis and stroma reconstruction (staging) in
portal spaces and in the lobules. Both components of the
necrotic-inflammatory process are rated in a four-point scale
[78]. 

Morphological lesions detected by light
microscopy in chronic type C hepatitis

Histopathological pattern of chronic type C hepatitis
exhibits no characteristic traits. The respective lesions re-
semble those noted in another chronic viral hepatitis types,
i.a., in chronic type B hepatitis. Most of the previously
described non-A, non-B type hepatitis cases are identified at
present as type C hepatitis. In such cases activity of inflam-
matory lesions and advancement of fibrosis are low, what
leads to difficulties in qualifying type C hepatitis as chronic
persistent or chronic active hepatitis [9, 21, 25, 59]. Inflam-
matory infiltrates are present in portal spaces, less frequently
within the lobules, the latter usually accompanied by piece-
meal necrosis of hepatocytes. Occasionally, the inflamma-
tory infiltrate contacts the sites of piecemeal necrosis at the
interface of lobules and portal spaces [8, 59]. The typical
although not pathognomic traits of the morphological pattern
in chronic type C hepatitis include presence of lymphoid
follicles and/or accumulation of lymphoid cells in portal
spaces or in lobules, damage to cells of bile duct epithelium,
fatty degeneration of hepatocytes, presence of Mallory’s
bodies in the cytoplasm of hepatocytes [8, 21, 34, 57].
Hepatocyte transformation to giant cells can be observed,
with higher number of cell nuclei, alterations in their struc-
ture and presence of numerous nucleoli [57]. The presence
of lymphoid follicles or lymphocyte aggregates, mainly in
portal spaces in HCV-infected patients, has been described
also in another types of viral infections, e.g., in HBV infec-
tion [25].

In our studies on adults predominated inflammatory
infiltrates consisting mainly of lymphoid cells and mono-
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cytes. Sporadically, plasma cells were present. Intensity of
inflammatory lesions was low (grading of 1 point) or moder-
ate (grading of 2 points) in almost 66.7% of the patients [51].
The results have proven consistent with the respective lit-
erature data [2, 34, 62]. The extent of fibrosis (staging) was
also low or moderate in most our patients. Cirrhosis was
diagnosed in 10% of the study patients, in line with the
literature data [17, 25]. In long-term studies on liver cirrhosis
a significantly higher values of AF coefficient (AF=area of
fibrosis related to the entire area of liver section) were
detected in HCV-infected patients as compared to HBV-in-
fected patients. Determination of the coefficient may repre-
sent a prognostic index, allowing to foresee the evolution of
chronic type C hepatitis into liver cirrhosis [48]. Fatty de-
generation of hepatocytes was a typical trait in 50% of our
patients, including 20% with highly pronounced degener-
ation and presence of large lipid droplets in most of hepato-
cytes [51]. Other authors observed fatty degeneration of
hepatocytes in 51.5% to 85% of patients infected with HCV
[21, 57, 62, 79]. Only in 5 out of 30 our patients, cells
undergoing lysis were relatively frequent. In the remaining
patients only single such the cells were seen in all the
biopsies. In individual cases, necrotic processes were ex-
pressed by degenerative lesions in cell nuclei and by mitotic
figures. No evident morphological features of apoptosis
could be detected. In all our patients changes were noted in
cell nuclei, involving swelling, altered shape, hyperchroma-
sia, disturbed nuclear chromatin structure, enlarged and
frequently multiple nucleoli. The lesions affected also nu-
clear envelope (Figs. 1 and 2). As compared to our observa-
tions in HBV infection, in cases of HCV infection the empty
nuclei were less numerous. In over one third of our HCV-in-
fected patients binuclear hepatocytes were seen and some-
times hepatocytes contained even more numerous cell nuclei
[1, 51]. The nuclear alterations did not develop in all cells of
the biopsy but were restricted to certain regions. In these
regions, application of the Brachet’s technique permitted to
detect RNA in the entire cell nuclei or in the sub-envelope
region as well as in the cytoplasm, which might indirectly
point to the presence of viral RNA in the hepatocytes (Fig. 3).

Studies on the histological pattern and progression of
lesions in HCV-infected children were less frequent than
those performed on adults [4, 14, 40, 41]. They demonstrated
development of lesions similar to those found in adults:
lymphocyte infiltrates, fatty degeneration of hepatocytes,
formation of lymphoid cell aggregates in portal spaces and
damage to epithelium of bile ducts. Also in children low
activity of inflammatory-necrotic lesions prevailed [4, 24,
36, 41, 47]. In most cases, fibrosis affected portal spaces.
Badizadegan et al. observed also cases of bridging fibrosis
with altered cytoarchitecture of the liver and, not described
before, frequent cases of pericellular fibrosis in the central
portions of the lobule [4]. According to the authors, this

indicated advanced lesions (staging) despite the relatively
short duration of the infection. In general, the fibrosis is
thought to progress with the increasing duration of HCV
infection and to reach its terminal stage in young adults [8,
41, 59]. Our studies on a child with acute liver insufficiency
in the course of HCV infection demonstrated traits of pro-
nounced cell necrosis and of fatty degeneration of hepato-
cytes. The typical cell complexes showed irregular cell
nuclei of various size. This was frequently accompanied by
chromatin margination, augmentation of nucleoli and altered
pattern of nuclear envelopes. Lymphoid cells were spread all
over the portal spaces, individual lymphoid follicles were
located inside the lobules. Traits of epithelial injury in bile
ducts were noted, with cholestasis [70].

Cellular localisation of HCV proteins using immunocy-
tochemical techniques remains to be a matter of disputes and
investigations. Envelope proteins (E1, E2) and non-structu-
ral proteins (NS2 - NS5) in most of cases were demonstrated
inside the cytoplasm of infected cells [17, 31, 38, 43, 56]. In
contrast, localisation of the core protein (C) remains con-
troversial. In most of the detection systems, the protein has
been detected in the cytoplasm although some reports are
available indicating nuclear localisation of the protein, par-
ticularly when a truncated protein molecule is looked for [17,
56, 73]. 

Our immunocytochemical studies in adult patients with
chronic type C hepatitis demonstrated structural (C) and
non-structural (NS3) proteins in 9/10 patients. Microscopic
analysis demonstrated the presence of the product of reaction
for C and NS3 proteins mainly in cytoplasm of infected
hepatocytes. Only in individual cells the nuclear pattern of
C protein was noted. More cells with NS3 proteins and
higher intensity of immunocytochemical reaction were ob-
served in comparison to C protein (Fig. 4). Detection of C
protein in our studies was possible only using the avidin-
biotin-immunoperoxidase complex method (ABC tech-
nique) in combination with amplification of the signal with
biotinylated tyramine (ImmunoMax technique) and micro-
wave oven pretreatment for antigen retrieval [50]. 

Studies with the use of the classic in situ hybridisation
aimed at detection of HCV RNA are limited by the low copy
numbers of the viral nucleic acid molecules in chronic type
C hepatitis in paraffin-embedded liver biopsies [20, 39, 54,
56]. Authors of several reports consistently concluded that
detection of HCV RNA should be performed preferentially
in freshly frozen adequate liver biopsies using signal ampli-
fication systems [39, 56, 67]. The available data indicate that
also routinely processed specimens can be used for RT-PCR
to demonstrate viral genome in the liver tissue even in
patients seronegative for HCV RNA. The advantages as
compared with tests performed on frozen tissue, are the lack
of infectivity of the processed tissue and the histological
evaluation antecedent to the molecular analysis allowing to
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exclude other diseases and unrepresentative or non-hepatic
tissue [31]. Detection of HCV RNA using hybridocyto-
chemical techniques and their varieties (e.g., in situ RT-
PCR) indicated prevalence of a cytoplasmic localisation of
HCV RNA [26, 39, 53, 56]. There are also few data available
reporting the prevalence of nuclear signal of HCV RNA and
proteins in hepatocytes, bile ductule cells and lymphocytes
[86]. The obtained till now conflicting data provide no
grounds for relating the number of HCV RNA positive cells
to intensity of inflammatory lesions [26, 53, 68]. 

Morphological pattern of chronic type C 
hepatitis in electron microscopy

In this part of the presentation, morphological patterns of
chronic hepatitis are given exclusively in serologically confirmed
(anti-HCV positive) cases of human HCV infections, confirmed
also using molecular techniques (HCV RNA positive). The pat-
terns were related to ultrastructural patterns seen in selected models
of cultured cells transfected with HCV. Review of literature on
ultrastructural patterns observed in chronic hepatitis, pre-
viously defined as non-A, non-B hepatitis, has been omitted.

Fig. 4. Fragment of the hepatic lobule from HCV-infected patient.
Immunocytochemical reaction localising NS3 protein in the cyto-
plasm of hepatocytes. ABC-ImmunoMax technique. Orig. magn.
200x.

Fig. 2. HCV infection. Extensive differences in the size of cell
nuclei, in chromatin distribution, in the number, size of nucleoli and
in stainability of cell nuclei and fine lipid vacuoles. Semithin
section, toluidine blue staining. Orig. magn. 1000x.

Fig. 3. HCV infection. Note cells of an inflammatory infiltrate
(mainly lymphocytes and plasma cells). Individual hepatocytes
contain RNA-positive material in the central and peripheral parts
of cell nuclei as well as in vicinity of nuclear envelope. Brachet’s
method. Orig. magn. 1000x.

Fig. 1. Fragment of hepatic lobule in HCV infection. Note cells with
differences in the size of cell nuclei, in chromatin distribution, in
the number, size of nucleoli and in stainability of cell nuclei. HE.
Orig. magn. 200x.
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Fig. 6. Fragment of a hepatocyte of the region identical to that of Fig. 5. Note alterations of the chromatin - parts of sub-envelope chromatin
resemble euchromatin, parts which usually are euchromatin-like are in this case dense (asterisk). The cell lacks normal mitochondria and
the structures contain a dense material (arrow). Canals of endoplasmic reticulum (ER) with a diffuse outline of the membranes. Magn.
17500x.

Fig. 5. Fragment of a hepatocyte from HCV-infected patient. Cell nucleus with normal chromatin arrangement. Mitochondria are enlarged,
some of them lack cristae and Pallade’s granules (asterisk). Magn. 17500x.
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The ultrastructural patterns in chronic type C hepatitis
pertain to both cell nucleus and cytoplasm. A detailed ana-
lysis of literature on ultrastructural lesions in HCV infections
has shown that the pattern remains to be a matter of debate.
Extensive differences have been encountered in the observed
lesions, particularly in cell nuclei. Sometimes, multiple cell
nuclei were noted in hepatocytes, with irregular, frequently
thickened outline of their envelopes [57, 85]. The other
lesions in cell nuclei involved their lobulisation and presence
of cytoplasmic inclusions. The nuclear chromatin underwent
condensation and margination. In such cases it showed a
tendency to form heterochromatin-resembling systems, in-
cluding overlapping and interweaving sets of tubules of 20
- 30nm in diameter [5, 16]. In regions with less pronounced
condensation, branching tubules were encountered.
Presence of such structures used to be linked to HCV activity
in hepatocytes. Cell nuclei with such lesions frequently
contained also multiple enlarged, active nucleoli with a lucid
zone around them [57]. Other authors were of the opinion
that the tubular alterations showed no relation to the viral
genetic material and were not typical for HCV infection [16].
Normal cell nucleus structure was sometimes noted despite
the presence of cytoplasmic lesions [33, 83]. Cytoplasmic
changes observed in electron microscopy in HCV infection
are more uniform in many types of cell lines infected in vitro
and in human or chimpanzee hepatocytes infected in vivo [3,
37, 45, 63, 77, 81]. The lesions included dilation of numerous
endoplasmic reticulum (ER) cisternae, presence of individ-
ual virus-like particles or their aggregates in the cytoplasm
or in dilated ER, tubular structures in ER, semicircular shape
of ER [3, 15, 28, 37, 45, 81, 83]. Only few authors did not
observe viral particles within hepatocytes [37]. Ultrastructu-
ral lesions affected also mitochondria with destruction of
mitochondrial membranes which sometimes lost their bi-
layered structure. This suggested the cause of disturbed
oxidation of fatty acids and the resulting processes of fatty
degeneration of hepatocytes [65, 66]. As compared to small
lipid droplets, the large ones were 2.5-fold more frequent and
they shifted cell nucleus and cytoplasmic structures to the
periphery [7, 57, 66]. At the surface of hepatocytes a reduced
number of microvilli was detected. The ultrastructural le-
sions of hepatocytes failed to correlate with inflammatory
activity, evaluated under a light microscope [5]. The most
common cytoplasmic lesions detected by electron micro-
scope in chronic HCV infection are listed in Table 1.

In our studies, the lesions described in the literature and
concerning hepatocyte nuclei and cytoplasm were detected
in all adults infected with HCV [1, 12, 51]. Occasionally,
multiple cell nuclei were detected in hepatocytes, with ir-
regular and frequently thickened outline of their envelopes.
Nuclear chromatin showed a focally loosened structure
(Figs. 5 and 6). In the less dense regions, complexes of
tubules were present, bound to each other and manifesting

diameter of 20 - 30nm, or of branching fibrils (Figs. 7 and
8). The tubule complexes showed a tendency to form hete-
rochromatin-resembling structures. In the system of tubules,
the overlapping and interweaving was gradually increasing
toward nuclear envelope. Under light microscope, such ar-
rangement could be defined as a subcapsular condensation
of dense chromatin. Cell nuclei with such lesions frequently
manifested multiple and enlarged active nucleoli with a less
dense zone around them. Within the enlarged cell nuclei
elevated numbers of peri- and interchromatin granules were
detected. The area of loose chromatin was also widened. In
the perinucleolar region, at the interface between dense and
loose chromatin or close to the nuclear envelope in other
cells, fibrillar-tubular structures of high density were seen.
Occasionally, the tubular structures were branched and
formed a network of various condensation extent, which in
two infected patients transgressed nuclear envelope and
protruded directly to the cytoplasm (Figs. 7 and 9). The
pattern of the "empty" cell nuclei, observed under a light
microscope, corresponded ultrastructurally to a chromatin
deficit at the area of entire cell nucleus and to accumulation
of tubular structures close to the nuclear envelope (Figs. 10
and 11). As a rule, the nuclear lesions were accompanied in
the same cells by changes in RER system. The reticulum
system was dilated and strongly osmophilic, particularly
within its degranulated fragments. The membrane fragments
frequently formed horseshoe-like structures (Figs. 12 and
13). Another modification of rough endoplasmic reticulum
involved its folding and invaginations, corresponding to the
patterns described in the literature as undulating membranes.
In the lumen of the widened canals, long tubular structures
were sometimes seen and, in other canals, a network of
branching fibrils. The structures were not observed to pass
through ER membranes to the cytoplasm. In our material the
altered structure of mitochondria was noted in 10 out of 30
infected patients. In individual cases marked augmentation
of the structures was detected, with shortened cristae and
disappearance of Palade granules. Some mitochondria con-
tained paracrystalline deposits (Figs. 5 and 6). Apart from
the altered cell organella, the cytoplasm contained free, long
tubular structure of a highly osmophilic character, similar to
those seen within the cell nucleus. In every other patient,
ultrastructural studies confirmed also presence in hepato-
cytes of numerous lipid vacuoles. Features of hepatocyte
lysis could be observed, sometimes with evident outpouring
of the cell content beyond limits of the cell. Disintegration
of nuclear envelope was accompanied by passage of nuclear
content to the cytoplasm [1, 12, 51]. 

In children with chronic type C hepatitis, the ultrastruc-
tural pattern did not differ from that detected in adults.
Swollen, enlarged hepatocytes, exponents of hepatocyte
lysis and of fatty degeneration were documented. Cell nuclei
were altered with evidently loosened structure and margina-
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Fig. 8. Fragment of the cell nucleus illustrated in figure 7. Note different thickness of the network of nuclear fibrils: "single" threads
(arrowhead) and "double" threads (arrow). Magn. 70000x.

Fig. 7. Another hepatocyte of the region identical to that of Figs. 5 and 6. In the cell nucleus note delicate networks of osmophilic material,
extending to the cytoplasm through the damaged nuclear envelope. Magn. 35000x.
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tion of chromatin. Both in cell nuclei and in widened canals of
endoplasmic reticulum tubular structures were found, of around
20nm in diameter, as well as virus-like particles of around 45nm
in diameter [15]. The degranulated membranes of endoplasmic
reticulum formed horseshoe-like structures [70].

Most of ultrastructural studies using immunocytochemical
techniques and applying various models of investigations dem-
onstrated a cytoplasmic localisation of HCV proteins [56, 83].
Envelope proteins E1 and E2 as well as the non-structural
proteins NS2, NS3, NS5 were detected in rough endoplasmic

reticulum [13, 63, 76, 80], in the cytoplasm [13, 66] or in
perinuclear area [44]. A subcellular localisation of the core
protein (C protein) remains controversial but most of detec-
tion systems proved its presence also within the cytoplasm.
The protein was observed to be bound to ER membranes [75]
and lipid droplets in cytoplasm of the infected cells [7, 65].
Individual studies reported the nuclear [75] and mitochon-
drial expression of C protein [65, 66]. 

Our preliminary studies at the ultrastructural level
demonstrated C and NS3 proteins in cytoplasm and in

TABLE 1
The most common cytoplasmic ultrastructural alterations in HCV infected cells

Electron microscope observations Types of infected cells Author

Dilated vesicular endoplasmic reticulum (ER) Human hepatocytes

TOFE cells

Adamek et al. [1]; Asti et al. [3]; Biczysko et
al. [12]; Gastaldi et al. [37]; Kasprzak et al.
[50];  Pawełek et al. [70]
Serafino et al. [81]

Dilated, degranulated ER with double
membranes of semicircular shape
("undulating") 

Human hepatocytes

Human and chimpanzee 
hepatocytes

Adamek et al. [1]; Biczysko et al. [12]; 
Kasprzak et al. [50]; Pawełek et al. [70]
Schaff et al. [77]

Cytoplasmic vesicles with virus-like particles:
of 50nm in diameter
of 50 - 60nm in diameter
of 40 - 45nm in diameter 

Daudi cells and chimpanzee
hepatocytes
HepG2 cell line
Human foetal hepatocytes
TOFE cells
Human hepatocytes

Shimizu at al. [83]
Dash et al. [28]
Iacovacci et al. [45]
Serafino et al. [81]
Bosman et al. [15]

Virus-like particles within ER cisternae:
of 45nm in diameter
of 20nm in diameter

HeLaG cells
Human hepatocytes

Mizuno et al. [63]
Bosman et al. [15]
Adamek et al. [1]; Pawełek et al. [70]

Tubular structures:
in cytoplasm
in ER

TOFE cells
Human hepatocytes

Human and chimpanzee 
hepatocytes

Serafino et al. [81]
Adamek et al. [1]; Ballercia et al. [5]; Biczysko
et al. [12]; Faa et al. [33]; Kasprzak et al. [50]
Shaff et al. [77]

Densely packed fibrils in ER Human hepatocytes Adamek et al. [1]; Ballercia et al. [5]; Biczysko
et al. [12]; Faa et al. [33]; Kasprzak et al. [50]

Regular mitochondria with dense granules in
the matrix

Human hepatocytes Asti et al. [3]

Irregular mitochondria 
Irregular outlines of mitochondria with reduced
number or absence of cristae

Human hepatocytes Adamek et al. [1]; Asti et al. [3]; Kasprzak et
al. [50]; Ballercia et al. [5]

Paracrystalline inclusions in mitochondria Human hepatocytes

Transgenic mice hepatocytes

Adamek et al. [1]; Asti et al. [3]; Kasprzak 
et al. [50]
Moriya et al. [65, 66]

Increased number of lyzosomes Human hepatocytes

TOFE cells

Adamek et al. [1]; Lefkowitch et al. [57]; 
Villari et al. [85]
Serafino et al. [81]

Large lipid droplets Human hepatocytes

HepG2 and CHO cells
Transgenic mice hepatocytes

Adamek et al. [1]; Kasprzak et al. [50]; 
Lefkowitch et al. [57]; 
Barba et al. [7]
Moriya et al. [66]
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Fig. 10. Networks of tubular structures (arrows) in the hepatocyte nucleus of another HCV-infected patient. Note distinct density of the
material in regions containing tubular structures. Magn. 42000x.

Fig. 9. Fragment of a hepatocyte of another patient with HCV infection. Cell nucleus filled with tubular structures, which form networks.
The networks contains also thin threads. Tubular structures of a different thickness protrude through the nuclear envelope. Magn. 60000x.
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nuclei of HCV-infected cells. In the cytoplasm the proteins
were observed to be connected with dilated endoplasmic
reticulum canals (data not published).

The cellular and subcellular localisation of HCV
antigenic proteins was consistent with localisation of HCV
RNA disclosed using the molecular biology techniques (in

Fig. 12. Cytoplasm of a hepatocyte with numerous, partially or fully degranulated ER canals. Few partially degranulated canals form
horseshoe-like structures (arrow). Magn. 25000x.

Fig. 11. Fragment of hepatocyte nucleus with numerous dense tubular structures (arrow), located also under nuclear envelope. In the vicinity
the fragment of a lymphocyte (asterisk). Magn. 54000x.
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situ hybridisation, PCR and its varieties). In studies on
expression of HCV RNA, application of RT-PCR proved to
be particularly valuable [15, 28, 39, 56]. The RT in situ PCR
technique allowed for the rapid detection of hepatitis C
cDNA in much more hepatocytes in a panlobular distribution
in comparison with detection of the viral RNA using stand-
ard RNA-cDNA in situ hybridization at the light microscope
level [69]. Application of the technique at the electron micro-
scopy level permitted to detect plus and minus strands of
HCV RNA in the cytoplasm of infected hepatocytes in
children and adults [15]. This was consistent with light
microscopy observations on cellular localisation of HCV
RNA [37, 54, 67 - 69]. 

The results concerning ultrastructural lesions, immuno-
cytochemical localisation of HCV proteins and hybridocy-
tochemical detection of HCV RNA are listed in Table 2.

Concluding remarks

Most of the patients with chronic type C hepatitis dem-
onstrate low activity of inflammatory lesions and low extent
of fibrosis, which results in difficulties in distinguishing
infection stages corresponding to those noted in chronic type
B hepatitis and in employing the traditional classification of
cases as chronic persistent hepatitis or chronic active he-
patitis [8, 9, 64]. In the course of chronic type C hepatitis,

however, the necrotic-inflammatory lesions seem to result
in stroma reconstruction and in early cirrhotic lesions
more rapidly, particularly in young adults [41]. Cellular
lesions in chronic viral hepatitis detected under light
microscope are characteristic but they are not specific and
cannot provide grounds for aetiological diagnosis [8, 64].
The extensive damage to nuclear chromatin ("empty" cell
nuclei) represents the common trait of chronic type B and
type C hepatitis, both in children and in adults [1, 12, 51].
Our immunocytochemical studies demonstrated the effec-
tive detection of both the core antigen (C protein) and one
of the non-structural protein (NS3) in chronically infected
HCV patients. In line with the currently modified classi-
fication of chronic hepatitis and with the potential of new
antiviral therapy it seems very important to supplement
routine staining techniques with studies at the molecular
level, also at the ultrastructural level [50]. Interpretation
of ultrastructural lesions in HCV infections remains to be
a matter of dispute. Extensive differences have been noted
in the observed lesions, particularly in those concerning
cell nuclei [12, 16, 33, 57]. Application of immunocyto-
chemical techniques and of hybridocytochemical tech-
niques has demonstrated a markedly more frequent
cytoplasmic localisation both of plus and minus strands
of HCV RNA and of most viral proteins as compared to
localisation of the elements in the cell nucleus [13, 50, 56,

Fig. 13. Fragments of cytoplasm in two hepatocytes. The space between them is widened and filled with a fine granular material. In the
cytoplasm of one of the cells numerous horseshoe shaped structures form in the region of ER canals, which are partially degranulated
(arrow). Magn. 24500x.
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66]. Subcellular localisation of the HCV core protein re-
quires further studies [7, 65]. 

Literature data and our experience indicate that applica-
tion of direct visualisation of the virus supplemented by the
use of molecular biology techniques allows to clarify more
accurately the correlation between virus distribution on the
one hand and morphological lesions of the liver, immune
response of the host and clinical symptoms on the other hand
in the natural history of the disease. A role of such studies in
defining novel therapeutic aims and in construction of vac-
cines cannot be overestimated. 

References

 1.  Adamek A, Biczysko W, Błotna-Filipiak M, Woz´niak A, Juszczyk J:
Ultrastructural changes of hepatocytes in chronic hepatitis C. XI
International Congress of Liver Diseases, Basel, Switzerland 1999,
p 42(abs).

 2.  Alter HJ: To C or not to C: these are the questions. Blood 1995, 85,
1681-1695.

 3.  Asti A, Ferrari L, Balduzzi C, Barbieri F, Barbarini G, Rinaldi A,
Belloni G: Ultrastructural study of liver biopsies in chronic hepatitis
C (CHC) patients related to genotype 3A. Hepatology 1998,
28(suppl 1), 34.

 4.  Badizadegan K, Jonas MM, Ott MJ, Nelson SP, Perez-Atayde AR:
Histopathology of the liver in children with chronic hepatitis C viral
infection. Hepatology 1998, 28, 1416-1423.

 5.  Ballercia G, Accordini C, Di-Piramo D, Martella F, Tomezzoli A:
An ultrastructural study of six cases of chronic active C hepatitis.
A comparison with chronic active B hepatitis. Ultrastruct Pathol
1993, 17, 477-482.

 6.  Banner BF, Allan C, Savas L, Baker S, Barnard G, Bonkovsky HL:
Inflammatory markers in chronic hepatitis C. Virch Archiv Int J
Pathol 1997, 431, 181-187.

 7. Barba G, Harper F, Harada T, Kohara M, Goulinet S, Matsuura
Y, Eder G, Schaff Z, Chapman M, Miyamura T, Brechot C: Hepatitis
C virus core protein shows a cytoplasmic localisation and associates
to cellular lipid storage droplets. Proc Natl Acad Sci USA 1997, 94,
1200-1205.

 8. Barwick KW, Rosai J: Liver. In: Ackerman’s Surgical Pathology.
8 ed. Rosai J, ed. St. Louis, Baltimore, Boston, Carlsbad, Chicago,
Naples, New York, Philadelphia, Portland, London, Madrid, Mex-
ico City, Singapore, Sydney, Tokyo, Toronto, Wiesbaden 1996, pp
857-867.

 9. Bedossa P, Poynard T: An algorithm for the grading and activity
in chronic hepatitis C. The METAVIR Cooperative Study Group.
Hepatology 1996, 24, 289-293.

10. Bertoletti A, D’Elios MM, Boni C, De Carli M, Zignego AL,
Durazzo M, Missale G, Penna A, Fiaccadori F, Del Prete G,
Ferrari F: Different cytokine profiles of intrahepatic T cells in
chronic hepatitis B and C virus infections. Gastroenterology 1997,
112, 193-199.

11. Bianchi L: Classification of chronic hepatitis: diagnosis, grading
and staging. Hepatol Pol 1997, 4, 77-80.

12. Biczysko W, Adamek A, Juszczyk J, Kasprzak A, Marszałek A:
Alterations of hepatocyte nuclei in HCV infected humans. 15th

International Congress on Electron Microscopy. Proceedings. 2.
Biology and Medicine (ICEM - 15), Durban, South Africa, 2002,
pp 241-242(abs).

13. Blight K, Gowans E: In situ hybridization and immunohistochemi-
cal staining of hepatitis C virus products. Viral Hepatitis Rev 1995,
1, 143-155.

14.  Bortolotti F, Faggion S, Con P: Natural history of chronic viral
hepatitis in childhood. Acta Gastro-Enterol Belgica 1998, LXI,
198-201.

15. Bosman C, Valli M, Bertolini L, Serafino A, Boldrini R, Marcelli-
ni M, Carloni G: Detection of virus-like particles in liver biopsies
from HCV-infected patients. Res Virol 1998, 149, 311-314.

16. Branch A: Replication of hepatitis C virus: Catching it in the act.
Hepatology 1996, 23, 372-375.

17. Brechot C: Hepatitis C virus: molecular biology and genetic vari-
ability. In: Acute and Chronic Liver Diseases: Molecular Biology

TABLE 2
Characteristics of HCV

Virus type HCV*

Family Flaviviridae

Virion characteristics Spheric particle of 50nm (36 - 65nm) in diameter with core (30nm) and envelope with extensions

Genom structure Single stranded, linear RNA, of positive polarity, of around 10kb in length; one long open reading
frame (ORF); yields 1 polyprotein, later structural proteins (C, E1 and E2) and 6 non-structural
proteins (NS2, NS3, NS4a, NS4b, NS5a, NS5b)

Presence of viral components
in cell nucleus

around 30nm spheric or tubular structures:
- protein C
- HCV RNA plus and minus strands (together with cytoplasmic localisation)

Presence of viral components
in cell cytoplasm

- 45 - 60nm virus-like particles 
- 22 - 40nm-thick tubular structures
- protein C (30nm particles), E2, NS3, NS4, NS5a, NS5b
HCV RNA plus and minus strands

Applied models of studies human hepatocytes; chimpanzee hepatocytes; transgenic mice hepatocytes; human B-cell line
(Daudi cells); HepG2 cells; HeLaG cells, TOFE cells

Numbers of our 
microphotographies

5 - 13

*according to: Choo et al. [27]; Santolini et al. [75]; Mizuno at al. [63]; Gastaldi at al. [37]; Shimizu et al. [83]; Barba et al. [7]; Dash et al. [28]; Serafino
et al. [81]; Bosman et al. [15]; Moriya et al. [65]; Kasprzak et al. [50]; Shi [82]

A. Kasprzak et al

140



and Clinics. Schmid R, Blum HE, Maier KP, Bianchi L, Gerok W,
Stalder GA, eds. Dordrecht, Boston, London 1996, pp 35-56.

18. Bronowicki JP, Loriot MA, Thiers V, Grignon Y, Zignego AL,
Brechot C: Hepatitis C virus persistence in human hematopoietic
cells injected into SCID mice. Hepatology 1998, 28, 211-218.

19. Brunt EM: Grading and staging the histological lesions of chronic
hepatitis: the Knodell histology activity index and beyond. Hepa-
tology 2000, 31(1), 241-246.

20. Carr J: In situ hybridization. In: Molecular Methods for Virus
Detection. Wiedbrauk DL, Farkas DH, eds. Academic Press, San
Diego, New York, Boston, London, Sydney, Tokyo, Toronto 1995,
pp 75-101.

21. Cathomas G, McGandy C, Terracciano L, Gudat F, Bianchi L:
Detection and typing of hepatitis C RNA in liver biopsies and its
relation to histopathology. Virch Arch 1996, 429, 353-358.

22. Cerny A, Chisari FV: Pathogenesis of chronic hepatitis C: immu-
nological features of hepatic injury and viral persistence. Hepato-
logy 1999, 30, 595-601.

23. Cerny A, McHutchinson JG, Pasquinelli C, Brown ME, Brothers
MA, Grabscheid B, Fowler P, Houghton M, Chisari FV: Cytotoxic
T lymphocyte response to hepatitis C virus-derived peptides con-
taining the HLA A2.1 binding motif. J Clin Invest 1995, 95,
521-530.

24.  Chang M-H: Chronic hepatitis virus infection in children. J Ga-
stroenterol Hepatol 1998, 13, 541-548.

25.  Colombari R, Dhillon AP, Piazzola E, Tomezzoli AA, Angelini GP,
Capra F, Tombas A, Scheuer PJ: Chronic hepatitis in multiple virus
infection: histopathological evaluation. Histopathology 1993, 22,
319-325.

26.  Cho SW, Hwang SG, Han SC, Jin SY, Lee MS, Shim CS, Lee DW,
Lee HB: In situ detection of hepatitis C virus RNA in liver tissue
using a digoxygenin-labeled probe created during a polymerase
chain reaction. J Med Virol 1996, 48, 227-233.

27. Choo Q, Kuo G, Weiner A, Overby L, Bradley D, Houghton M:
Isolation of a cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome. Science 1989, 244, 359-362.

28. Dash S, Halim A, Tsuji H, Hiramatsu N, Gerber M: Transfection of
HepG2 cells with infectious hepatitis C virus genome. Am J Pathol
1997, 151, 363-371.

29. Desmet FJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ:
Classification of chronic hepatitis: diagnosis, grading and staging.
Hepatology 1994, 19, 1513-1520.

30. Di Bisceglie AM, Simpson LH, Lotze MT, Hoofnagle JH: Develop-
ment of hepatocellular carcinoma among patients with chronic liver
disease due to hepatitis C viral infection. J Clin Gastroenterol 1994,
19, 222-226.

31. Dries V, von Both I, Muller M, Gerken G, Schirmacher P, Odenthal
M, Bartenschlager R, Drebber U, zum Buschenfelde KHM, Dienes
HP: Detection of hepatitis C virus in paraffin-embedded liver
biopsies of patients negative for viral RNA in serum. Hepatology
1999, 29, 223-229.

32.  Dumoulin FL, Leifels L, Honecker U, Sauerbruch T, Spengler U:
Intrahepatic expression of interleukin-1β and tumor necrosis fac-
tor-α in chronic hepatitis C. J Infect Dis 1999, 180, 1704-1708.

33.  Faa G, Ambu R, Congiu T, Mocci C, Parodo G, Pilleri G, Farci A,
Vallebona E, Costa V, Riva A: Scanning electron microscopy of
chronic hepatitis C. An OsO4 maceration study on human biopsies.
J Submicrosc Cytol Pathol 1994, 26, 415-423.

34.  Fischer H, Willsch E, Bierhoff E, Pfeifer U: Histopathological
findings in chronic hepatitis C. J Hepatol 1996, 24S, 35-42.

35.  Francki R, Fauquwt C, Knudson D, Brown F: Classification and
nomenclature of viruses: fifth report of the international committee
on taxonomy of viruses. Arch Virol 1991, 2(suppl), 223-228.

36.  Garcia-Monzon C, Jara P, Fernandez-Bermejo M, Hierro L,
Frauca E, Camarena C, Diaz C, De La Vega A, Labrauri J,
Garcia-Iglesias C, Borque MJ, Sanz P, Garcia-Buey L, Moreno-

Monteagudo JA, Moreno-Otero R: Chronic hepatitis C in children:
a clinical and immunohistochemical comparative study with adult
patients. Hepatology 1998, 28, 1696-1701.

37. Gastaldi M, Massacrier A, Planells R, Robaglia-Schlupp A, Port-
la-Bartolomei I, Bourliere M, Quilici F, Fiteni J, Mazzella E,
Cau P: Detection by in situ hybridization of hepatitis C virus
positive and negative RNA strands using digoxygenin-labeled
cRNA probes in human liver cells. J Hepatol 1995, 23, 509-518.

38. Gonzalez-Peralta RP, Fang JWS, Davis GL, Gish R, Tsukiyama-
Kohara K, Kohara M, Mondelli MU, Lesniewski R, Phillips MI,
Mizokami M, Lau JYN: Optimization for the detection of hepatitis
C virus antigens in the liver. J Hepatol 1994, 20, 143-147.

39. Gowans EJ: Distribution of markers of hepatitis C virus infection
throughout the body. Semin Liver Dis 2000, 20, 85-102.

40. Guido M, Bortolotti F, Rugge M: Is liver biopsy needed in children
with chronic hepatitis? Acta Gastro-Enterol Belgica 1998, LXI, 214-216.

41. Guido M, Rugge M, Jara P: Chronic hepatitis C in children: the
pathological and clinical spectrum. Gastroenterology 1998, 115,
1525-1529.

42. Hadziyannis S: Nonhepatic manifestations and combined diseases
in HCV infection. Dig Dis Sci 1996, 41(suppl), 63S-74S.

43. Hiramatsu N, Hayashi N, Haruna Y, Kasahara A, Fusamoto H,
Mori C, Fuke I, Okayama H, Kamada T: Immunohistochemical
detection of hepatitis C virus-infected hepatocytes in chronic liver
disease with monoclonal antibodies to core, envelope and NS3 regions
of the hepatitis C virus genome. Hepatology 1992, 16, 306-311.

44.  Hwang SB, Park KJ, Kim YS, Sung YC, Lai MM: Hepatitis C virus
NS5B protein is a membrane-associated phosphoprotein with pre-
dominantly perinuclear localization. Virology 1997, 227:439-446.

45.  Iacovacci S, Manzin A, Barca S, Sargiacomo M, Serafino A,
Valli M, Macioce G, Hassan H, Ponzetto A, Clementi M, Peschle
C, Carloni G: Molecular characterization and dynamics of hepatitis
C virus replication in human fetal hepatocytes infected in vitro.
Hepatology 1997, 26, 1328-1337.

46.  International Working Party Report: Terminology of chronic he-
patitis. Am J Gastroenterol 1995, 90, 181-189.

47.  Jonas MM: Hepatitis C infection in children. N Engl J Med 1999,
16, 912-913.

48.  Kage M, Shimamatu K, Nakashima E, Kojiro M, Inoue O, Yano M:
Long-term evolution of fibrosis from chronic hepatitis to cirrhosis
in patients with hepatitis C - morphometric analysis of repeated
biopsies. Hepatology 1997, 25, 1028-1031.

49.  Kao J, Chen P, Lai M, Wang T, Chen D: Positive and negative strand
of hepatitis C virus RNA sequences in peripheral blood mononuclear
cells in patients with chronic hepatitis C: no correlation with viral
genotypes 1b, 2a and 2b. J Med Virol 1997, 52, 270-274.

50. Kasprzak A, Biczysko W, Salwa-Z˙urawska W, Juszczyk J, Adamek A,
Zabel M, Chmielewski M, Seidel J, Surdyk-Zasada J: Immunocy-
tochemiczna lokalizacja białek C i NS3 u pacjentów z przewlekłym
zapaleniem wat̨roby typu C. Nowiny Lek 2002, 71(supl I), 46-47. 

51. Kasprzak A, Biczysko W, Adamek A, Zabel M, Surdyk-Zasada J:
Correlation of morphological alterations of light and electron
microscopy in chronic type B and C hepatitis. Med Sci Monit 2001,
7(suppl), 138-146.

52. Kawamura T, Furusaka A, Koziel MJ, Chung RT, Wang TC,
Schmidt EV, Liang TJ: Transgenic expression of hepatitis C virus
structural proteins in the mouse. Hepatology 1997, 25, 1014-1021.

53. Kojima S, Tanaka Y, Enomoto N, Marumo F, Sato C: Distribution
of hepatitis C virus RNA in the liver and its relation to histopatho-
logical changes. Liver 1996, 16, 55-60.

54. Komminoth P, Adams V, Long AA, Roth J, Saremaslani P, Flury R,
Schmid M, Heitz PhU: Evaluation of methods for hepatitis C virus
detection in archival liver biopsies. Comparison of histology, im-
munohistochemistry, in-situ hybridization, reverse transcriptase
polymerase chain reaction (RT-PCR) and in-situ RT-PCR. Path Res
Pract 1994, 190, 1017-1025.

Chronic type C hepatitis

141



55. Koziel MJ, Dudley D, Afdhal N, Choo QL, Houghton M, Ralston R,
Walker BD: Hepatitis C virus (HCV) specific cytotoxic T lympho-
cytes recognize epitopes in the core envelope proteins of HCV. J
Virol 1993, 67, 7422-7432.

56. Lau JYN, Krawczyn´ski K, Negro F, Gonzalez-Peralta RP: In situ
detection of hepatitis C virus - a critical appraisal. J Hepatol 1996,
24, 43S-51S.

57. Lefkowitch J, Schiff E, Davis G, Perrillo R, Lindsay K, Boden-
heimer H, Balart L, Ortego T, Payne J, Dienstag J, Gibas A,
Jacobson I, Tamburo C, Carey W, O’Brien C, Sampliner R, Van
Thiel D, Feit D, Albrecht J, Meschievitz C, Sanghvi B, Vaughan R:
Pathological diagnosis of chronic hepatitis C: a multicenter com-
parative study with chronic hepatitis C. The Hepatitis Interventional
Therapy Group. Gastroenterology 1993, 104, 595-603.

58. Lohr H, Schlaak J, Kollmannsperger S, Dienes H, Meyer-zum-Bu-
schenfelde K, Gerken G: Liver-infiltrating and circulating CD4 T
cells in chronic hepatitis C: immunodominant epitopes, HLA-re-
striction and functional significance. Liver 1995, 16, 174-182.

59. Management of hepatitis C. NIH Consensus Statement 1997, 15,
1-41.

60. McCaughan GW, Napoli J, McGuinness PH, Bishop GA: T1 vs T2
cytokine response in chronic HCV: implications for mechanisms
of liver injury. Viral Hepat Rev 1997, 3, 129-142.

61. McGuinness PH, Painter D, Davies S, McCaughan GW: Increases
in intrahepatic CD68 positive cells, MAC387 positive cells, and
proinflammatory cytokines (particularly interleukin 18) in chronic
hepatitis C infection. Gut 2000, 46, 260-269.

62. Mihm S, Fayyazi A, Hartman H, Ramadori G: Analysis of histopa-
thological manifestations of chronic hepatitis C virus infection with
respect to virus genotype. Hepatology 1997, 25, 735-739.

63. Mizuno M, Yamada G, Tanaka T, Shimotohno K, Takatani M,
Tsuji T: Virion-like structures in HeLa G cells transfected with the
full-length sequence of the hepatitis C virus genome. Gastroentero-
logy 1995, 109, 1933-1940.

64. Moreno A, Martinez CJ, Carreno V: Liver biopsy and the etiologic
diagnosis of chronic hepatitis. J Hepatol 1993, 17, S112-S115.

65.  Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T, Ishiba-
shi K, Matsuura Y, Kimura S, Miyamura T, Koike K: The core
protein of hepatitis C virus induces hepatocellular carcinoma in
transgenic mice. Nature Med 1998, 9, 1065-1067.

66. Moriya K, Fujie H, Yotsuyanagi H, Shintani Y, Tsutsumi T, Mat-
suura Y, Miyamura T, Kimura S, Koike K: Subcellular localization
of hepatitis C virus structural proteins in the liver of transgenic
mice. Jpn J Med Sci Biol 1997, 50, 169-177.

67. Negro F, Krawczyn´ski K, Quadri R, Rubbia-Brandt L, Mondelli M,
Zarski J-P, Hadengue A: Detection of genomic- and minus-strand
of hepatitis C virus RNA in the liver of chronic hepatitis C patients
by strand-specific semiquantative reverse-transcriptase polymerase
chain reaction. Hepatology 1999, 29, 536-542.

68. Nouri-Aria KT, Sallie R, Sangar D, Alexander GJM, Smith H,
Byrne J, Portmann B, Eddleston ALWF, Williams R: Detection of
genomic and intermediate replicative strands of hepatitis C virus in liver
tissue by in situ hybridization. J Clin Invest 1993, 91, 2226-2234.

69. Nuovo GJ, Lidonnici K, MacConnell P, Lane B: Intracellular
localization of polymerase chain reaction (PCR)-amplified he-
patitis C cDNA. Am J Surg Pathol 1993, 17, 683-690.

70. Pawełek T, Biczysko W, Błotna-Filipiak M, Majewski P, Mazur-
Melewska K: The case of acute liver failure connected with HCV
infection. XI International Congress of Liver Diseases, Basel,
Switzerland 1999, p 138(abs).

71. Pileri P, Uematsu Y, Campagnoli S, Galli G, Falugi F, Petracca R,
Weiner AJ, Houghton M, Rosa D, Grandi G, Abrignani S: Binding
of hepatitis C virus to CD81. Science 1998, 282, 938-941.

72. Portmann B: Biopsy diagnosis of liver disease in children. Preceed-
ings of International Course: Progress in Liver Pathology. Medical
Centre for Postgraduate Education, Warszawa 1998, pp 101-109.

73. Ravaggi A, Natoli G, Primi D, Albertini A, Levrero M, Cariani E:
Intracellular localization of full-length and truncated hepatitis C
virus core protein expressed in mammalian cells. J Hepatol 1994,
20, 833-836.

74. Sansonno D, Lotesoriere C, Cornacchiulo V, Fanelli M, Gatti P,
Iodice G, Racanelli V, Dammacco F: Hepatitis C virus infection
involves CD34(+) hematopoietic progenitor cells in hepatitis C
virus chronic carriers. Blood 1998, 92, 3328-3337.

75. Santolini E, Migliaccio G, La-Monica N: Biosynthesis and bio-
chemical properties of the hepatitis C virus core protein. J Virol
1994, 68, 3631-3641.

76. Santolini E, Pacini L, Fipaldini C, Migliaccio G, La-Monica N:
The NS2 protein of hepatitis C virus is a transmembrane polypep-
tide. J Virol 1995, 69, 7461-7471.

77. Schaff Z, Eder G, Eder C, Lapis K: Ultrastructure of normal and
hepatitis virus C infected human and chimpanzee liver: similarities
and differences. Act Morphol Hung 1992, 40, 203-214.

78. Scheuer PJ: Chronic hepatitis. Preceedings of International Course:
Progress in Liver Pathology. Medical Centre for Postgraduate
Education, Warszawa 1998, pp 21-25.

79. Schmid M, Flury R, Buhler H, Havelka J, Grob P, Heitz P: Chronic
viral hepatitis B and C: an argument against the conventional
classification of chronic hepatitis. Virch Arch 1994, 425, 221-228.

80. Selby M, Ericson A, Dong C, Cooper S, Parharm P, Houghton M,
Walker C: Hepatitis C virus envelope glycoprotein E1 originates in
the endoplasmic reticulum and requires cytoplasmic processing for
presentation by class I MHC molecules. J Immunol 1999, 162,
669-676.

81. Serafino A, Valli MB, Alessandrini A, Ponzetto A, Carloni G,
Bertolini L: Ultrastructural observations of viral particles within
hepatitis C virus-infected human B lymphoblastoid cell line. Res
Virol 1997, 148, 153-159.

82. Shi ST, Lai MMC: Hepatitis C viral RNA: challenges and promises.
Cell Mol Life Sci 2001, 58, 1276-1295.

83. Shimizu Y, Feinstone S, Kohara M, Purcell R, Yoshikura H: He-
patitis C virus: detection of intracellular virus particles by electron
microscopy. Hepatology 1996, 23, 205-209.

84.  Tsukuma H, Hiyama T, Tanaka S, Hiyama T, Tanaka S, Nakao M,
Yabuuchi T, Kitamura T, Nakanishi K, Fujimoto I, Inoue A, Yama-
zaki H, Kawashima T: Risk factors associated for hepatocellular
carcinoma in patients with chronic liver diseases. N Eng J Med
1993, 328, 1797-1801.

85. Villari D, Pernice M, Spinella S, Squadrito G, Rodino G, Branca-
telli S, Longo G, Raimondo G: Chronic hepatitis in patients with
active hepatitis B virus and hepatitis C virus combined infections:
a histological study. Am J Gastroenterol 1995, 90, 955-958.

86. Walker FM, Dazza MC, Dauge MC, Boucher O, Bedel C, Henin D,
Lehy T: Detection and localization by in situ molecular biology
techniques and immunohistochemistry of hepatitis C virus in livers
of chronically infected patients. J Histochem Cytochem 1998, 46,
653-660.

87.  Weiner A, Erickson AL, Kansopon J, Crawford K, Muchmore E,
Hughes AL, Houghton M, Walker CM: Persistent hepatitis C virus
infection in a chimpanzees is associated with emergence of cyto-
toxic T lymphocyte escape variant. Proc Natl Acad Sci USA 1995,
92, 2755-2759.

Address for correspondence and reprint requests to:
A. Kasprzak M.D., Ph.D.
Chair of Histology and Embryology
Karol Marcinkowski University of Medical Sciences
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