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REVIEW

Characteristics of HCV, viral replication

The genetically complex HCV has recently been classi-
fied as a Hepacivirus of the Flaviviridae family.12,17,27,58 The
9.6 kb single-stranded, positive-sense RNA genome
encodes a single polyprotein of about 3,010 amino acids in
length, which is processed by proteases into structural (at
least three) and nonstructural (NS) (six) proteins (Figure 1).
The function of NS proteins is not completely understood,
but, certain aspects are being discovered. Recently we
learned that NS5A probably mediates viral IFN-resistance
and possibly regulates viral replication.25,26 Based on the
high level of sequence variation, HCV is classified into 6
major genotypes (1-6) and several subtypes (for a review
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Viral hepatitis (VH) is almost as old as human
beings, at least as old as known human history.
However, the natural history and the epidemiology
of the disease has undergone changes during the
centuries and even recently we have been facing
several new aspects. The estimated global preva-
lence is around 3-5%, which means that approxi-
mately 400 million patients are infected with hepati-
tis B virus49 and that there are 170 million infections
with hepatitis C virus.62,63 The mortality figures are
projected to show a 2- to 3-fold increase over the next
two decades as hepatitis C virus-infected patients
develop cirrhosis, which makes this the leading
indication for liver transplantation.4,6 These data
point to the importance of VH being a significant
public health problem worldwide.65 The list of hepa-

totropic viruses is well known, including hepatitis A
(HAV), B (HBV), C (HCV), D (HDV), E (HEV), G
(HGV) and F (HFV). HGV and HFV are excluded
from the present review, mainly because they are
questionable in relation to the causation of liver dis-
ease. Our knowledge of HAV, HBV, HDV and HEV
has accumulated over the last decade, so the present
discussion is focused on HCV, which is currently
generating considerable concern and controversy,
and is the leading cause of chronic liver disease
worldwide. The main questions to be discussed, are:
the characterization of the agents’ viral genotypes/
subtypes, the viral-cell interaction, the pathogenesis
of VH, the extrahepatic manifestations of viral infec-
tion and hepatocarcinogenesis. (Pathology Oncology
Research Vol 9, No 4, 215–221)
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see Bartenschlager and Lohmann8), having possible signif-
icance in both the route of transmission and the histological
activity of viral hepatitis24,38,48 (Table 1).

HCV attaches to the cell surface mainly via receptors
(Figure 2, Table 2). However, attachment  of HCV has
been observed to lymphoid cells and red blood cells also.36

CD81 seems to be a key molecule in the cell surface bind-
ing to E2,44 a putative HCV receptor which belongs to the
so called tetraspanin family. It has been shown, however,
that HCV internalization is facilitated via LDL (low den-
sity lipoprotein) receptors1 and the virus enters into the
cell via endocytosis. More recently, a broadly expressed
lipoprotein binding receptor, the human scavenger recep-
tor class B type I was shown to serve as a receptor for
HCV.51 A recent report describes that HCV particles bind
specifically to L-SIGN (CD209L) and DC-SIGN which
function as capture receptors for HCV and play an impor-
tant role in pathogenesis and liver tropism.22

HCV replicates in the cytoplasm of the hepatocytes. The
majority of core protein (p21) is formed and can be locat-
ed in the endoplasmic reticulum (ER), however, shorter



portions (p19, p16) of capside proteins are transported to
the nucleus17 (Figure 2), which might have effect on the
genes related to cell proliferation, activating NFkB and
STAT. A specific characteristic of the HCV is the high
variability of its nucleotid sequence.12,21,24,25 The viral
RNA-dependent RNA polymerase is mainly responsible
for this „inaccuracy”, which leads to formation of quasi -
species. The various core proteins are differently
expressed in the HCV genotypes influencing, for example,
the activation of NFkB.23 The E2 region is the most vari-
able region of the genome, which explains the „escape” of
the viral protein from the neutralizing antibodies.

Several studies have located the different viral proteins
in the cytoplasm, mainly in association with or near the
endoplasmic reticulum (Figures. 2,3). Based on confocal
microscopic studies, it has been demonstrated that the
HCV RNA replication involves specific intracellular lipid
membranes.7

Very recently a new HCV protein, so called „ F” protein,
has been described.13 The F protein received its name
because of frameshifting – ribosomes shift from the normal
(„ zero”) reading frame to the –2/+1 reading frame – to gen-
erate a 17-kDa protein.13 Antibodies to this protein can be
detected during natural HCV infection. The F protein was
found located at the ER as the core and other proteins, and is
presumed to play role in viral morphogenesis and/or replica-
tion. The „slipperiness” of the HCV-1 frameshift signal rais-
es the possibility that the F protein might be synthesized
through multiple frameshifting events at multiple sites. This
would explain the sequence heterogeneity of HCV.

Attachment is followed by entry into the cell; the virus
is uncoated, exposing the positive-strand RNA genome
(Figures 2). After translation, a single large polyprotein is
produced, which is to be cleaved into structural and non-
structural proteins. The positive-strand RNA serves as a
template for generating a negative-strand RNA, which
binding to the NS proteins forms a replicating complex
producing further positive-strand RNA (for review see
Chang et al12).

It is important to learn more about HCV structure and
replication because gene therapy might provide a possibil-
ity for the treatment of HCV infection. RNA interference
which blocks gene expession might provide a new
approach, which at present has proved to be effective in
tissue culture systems.32,64

The question is what do we see during HCV replication
by light (LM) or electron microscopy (EM)? It is well doc-
umented that characteristic membrane changes of the
endoplasmic reticulum (4 types of alterations) can be
observed in chimpanzees infected by HCV,54 which can
not be seen in human biopsies. In human livers, however,
several „virus-like” particles have been described, some
measuring 50-60 nm in diameter, consisting of a dense
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Table 1. Terminology relating to hepatitis C viral genomic heterogeneity

Terminology Definition Nucleotide similarity (%)

Genotype (1-6) Major genetic group based on similarity of nucleotide sequence 65.7 – 68.9
Subtype (a, b, etc.) Genetically closely related viruses within of nucleotide sequence 76.9 – 80.1
Quasispecies Complex of genetic variants within individual isolates 90.8 – 99

Figure 1. Structure of HCV genome.

Table 2. Receptors for HCV

CD8144 tetraspanin family,
high affinity for E2 binding, 
isolate specific expressed in most cell types (required, but not sufficient)

LDL-R1 (low density lipoprotein receptor) mediate internalization via binding to virus- LDL particles
hSR-BT51 (human scavenger receptor class B type I) CD36 superfamily, E2 binding, selective species specific
Others ?



core and covered by a lipid envelope.30 A similar observa-
tion was published recently, describing particles lying free
in the hyaloplasm.16 Using anti-core antibodies and immu-
noelectronmicroscopy, positivity was detected at the endo-
plasmic reticulum membranes, the Golgi-system and the
surface of lipid droplets.7

Pathogenesis and histopathological aspects 
of viral hepatitis

Several international consensus meetings have dis-
cussed the characteristics and definition of acute and
chronic VH,28 reviewed and updated even recently.49 The
major new knowledge in the pathogenesis of VH has been
the recognition of the role of apoptosis53 and very recently
the significance of stem cells.20

The presence of apoptotic cells in acute VH, described
as Councilman-like bodies, has been known for several
decades. The appearance of eosinophilic apoptotic bodies,
however, at the „interface”, at the site of piecemeal necro-

sis in chronic hepatitis has been recognized only in the last
few years53 (Figures 4).

Several studies have shown increased expression of Fas
(CD95) in virus-infected hepatocytes in human and chim-
panzee livers53 (Figures 5). Increased TGFβ1 – as another
apoptosis inducing factor - in correlation with the activity
of chronic hepatitis has been demonstrated as well.40

Very recently the role of stem cells in several diseases
including VH has come into focus. Through normal pro-
liferation, hepatocytes restore the liver, re-entering the cell
cycle from the G0 phase.20 In mild or moderate parenchy-
mal cell loss it is also thought of as the main response to
restoration. However, in more severe damage the CK-
7/CK-19 positive, so called „oval cells” or „ductular type
cells” proliferate and probably differentiate into hepato-
cytes37,41 (Figures 6a,b). A new marker for the stem cells
has been published recently,10 which partially overlaps
with the CK-7/CK-19 positivity. Its significance will be
known only in the future. The „third defense system”
against cellular loss resides in the bone marrow. This
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Figure 2. Replication cycle of HCV. (a) The virus attaches to the cell surface via receptors, internalization, uncoating in the cyto-
plasm. (b) A single polyprotein is formed, then cleaved into structural and nonstructural proteins. Parts of core protein (p16, p19)
enter into the nucleus and might activate NFkB, STAT-3. (-)ssRNA is transcribed from the (+)ss RNA. (c) Viral assembly occurs
in the Golgi-cisternae, then secreted. (d,e) Immunogold detection of core (d) and other (e) viral proteins. The core can be localized
in the cytoplasm and the nucleus as well (arrows).



haematopoetic stem cell population probably plays role in
more significant regeneration.3,34

Major new knowledge has accumulated in understand-
ing the pathogenesis of fibrosis and about the possibility to
reverse the process.47,61 Several changes have been recog-
nized in the composition of the extracellular matrix, which
might be a target for drug therapy.18 An example of this is
the decrease of decorin expression after IFN treatment.31

New data indicate the relationship between genotypes of
HCV and the histopathology of CH-C.2 It has been demon-
strated that HCV genotype 1b has a worse prognosis than
other genotypes. The „well accepted” observation, howev-
er, that steatosis is significantly greater in association with
HCV type 3a38,57 might be questionable. Our study includ-
ing 120 CH-C patients with  genotype 1b and found the
same percentage of steatosis as in a published series with
HCV-3 genotype.50 It seems to be proved that CH-C is
associated with steatosis more often than CH of other eti-
ology. The cause of this, however, is not clear, the inter-
ference of the viral core component with lipid metabolism
has been suggested.7

The evaluation or scoring of the liver biopsy materials
obtained from patients with CH have been revised several
times in the last years. After the initial Knodell scoring,33

the most widely used systems have been proposed by Ishak
et al29 and Scheuer et al.56 The METAVIR cooperative study
group published a similar reliable and useful evaluation sys-
tem.9 Comparison of the different scoring systems proved
that the choice should be dictated by the preference of the
team; the clinician and the pathologist.49,55

Extrahepatic manifestation of HCV infection

HCV is a hepatotropic virus, however, it has been
demonstrated that it might replicate in lymphocytes and
in certain macrophages.39 Diseases associated with HCV
infection are numerous (Tables 3,4,5). Our group has
shown that HCV might attach to the surface of erythro-
cytes, becoming internalized: a newly recognized „hiding
mechanism” for HCV and probably important in the
transmission of the infection.36 Several neurological dis-
orders are associated with HCV infection (Table 3). Few
studies have shown the presence of HCV-RNA in the
central nervous system (CNS) and the periferal nerve tis-
sue,15 which might explain the neurological symptoms in
CH-C. More recently negative strand HCV-RNA has
been demonstrated by in situ hybridization in the glia
cells, suggesting that HCV might even replicate in the
CNS.14 Dermatological manifestations of HCV infection
have been detected as well14,46 (Table 4). In one of our
recent studies we detected positive strand HCV-RNA in
altered skin lesions, not found at all in the normal areas.46

The mechanism of tissue alterations in the extrahepatic
manifestation of HCV infection is not completely clear,

218 SZABÓ et al

PATHOLOGY ONCOLOGY RESEARCH

a c

db

Figure 3. Immunofluorescence localization of HCV on frozen
liver. Reaction with an antibody against the whole viral protein
(a, b) and the core antigen (c, d).

Figure 4. Apoptotic bodies (arrows) at the interface.
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Figure 5. Close association of lymphoid cells and hepatocytes at
the interface in CH-C (a,b,d,e). Strong expression of CD95
(FAS) on the hepatocyte membranes after HCV infection (c).



but several possibilities might exist. The deposition of
viral antigen–antibody complexes has been shown in dif-
ferent vascular structures or autoantibody production,
both causing vasculitis, glomerulonephritis, autoimmune
thyroiditis, etc (for review see Pár et al43). Cryoglobu-
linemia in HCV patients is well known and the associa-
tion with B-cell non-Hodgkin lymphomas has been sug-
gested, too.42

HCV and hepatocarcinogenesis

Since the discovery and identification of HCV, data have
proved an association between HCV and hepatocellular
carcinoma (HCC).11,35,59,60 In HBV-associated HCC, the
pathomechanism of hepatocarcinogenesis is better under-
stood (although not exactly clear), asthis is a DNA virus.35

Based on the pathogenesis of HCV infection, however, the
mechanism of HCC formation is more difficult to explain.
As it has been shown, HCV is an RNA virus, replicated in
the cytoplasm with no reverse transcriptase, so no integra-
tion occurs into the cell genome, in contrast to HBV infec-
tion.35 HCV does not seem to be a directly cytopathic
virus. The viral proteins expressed stimulate the host
immune system, through which the death of infected hepa-
tocytes occurs. This explains why activated T cells pre-
dominate in the inflammatory infiltrate and T and B lym-
phocytes and different antigen presenting reticulum cells
are present in the portal tract, occasionally forming even
lymphoid follicules. Besides, HLA I is expressed highly in
hepatocytes, HLA I and II in T lymphocytes and HLA II
in endothelial cells.53

The repeated necroinflammatory effects and cell death
lead to hepatocyte proliferation, with acceleration of the
cell cycle, as well as progressive accumulation of muta-
tions and genomic instability.45 Allelic imbalance has been
shown to occur frequently in hepatitis-related HCC.19

A recent study5 using cDNA microarray analysis has
demonstrated that a total of 53 genes are consistently dys-

regulated in macroregenerative and dysplastic nodules in
end-stage HCV-induced cirrhosis. The list of gene expres-
sion alters, including transcription factors and house-keep-
ing genes, several growth factors and cytokines. Several
previous studies showed the upregulation and increased
expression of TGFα, IGF and changes in their receptors.52

HCV does not integrate into the genome of the hepatocytes.
Several viral proteins, however, have been suggested to be
associated with hepatocarcinogenesis, especially the core and
NS5.35,58 The data presently discussed suggest that besides
HBV,  HCV is also able to drive the hepatocytes in an accel-
erated cycle through increased virus induced apoptosis and
proliferation. Depending on the host immune response and
several viral factors, elimination of the infection or chronic
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Figure 6. Ductular proliferation in CH-C. Stem cells have
„oval” shape (a) and Ck-7 immun-positivity (b).

Table 3. Association of HCV and central nervous system

l Fatigue
l Progressive encephalomyelitis
l Chronic sensory neuropathy
l Guillain-Barré syndrome
l Peripheral neuropathy
l Quality of life measurement
l Others

Table 4. Dermatological manifestation associated with
HCV14

l Vasculitis
l Pruritus
l Porphyria cutanea tarda
l Urticaria
l Erythema nodosum
l Granuloma annulare
l Lichen ruber planus
l Others

Table 5. Extrahepatic manifestation of HCV infection

l Haematopoetic system
Lymphocytes, macrophages/monocytes
Aplastic anaemia
Autoimmune thrombocytopenia
B-cell lymhoma

l Association with erythrocytes
l Glomerulonephritis
l Skin alterations
l Arthritis, myalgia
l Endocrine system
l Central nervous system
l Others



inflammation may develop varying in intensity and propensi-
ty. Viral proteins such as HBx and HCV core protein may
directly interfere with gene products responsible for cell pro-
liferation and growth.  The genomic integration of HBV-DNA
may increase the genomic instability which favors the devel-
opment of clones bearing  genetic defects.  The increased
growth stimulus may help the clonal expansion of the dam-
aged cells, finally leading to hepatocellular carcinoma. 

HBV and HCV might therefore result in the develop-
ment of hepatocellular carcinoma directly, interfering with
the genome and different gene products, and in part indi-
rectly, by means of increased cell proliferation – through
chronic hepatitis and cirrhosis.

References

1. Agnello V, Abel G, Elfahal M, et al: Hepatitis C virus and other
flaviviridae viruses enter cells via low density lipoprotein
receptor. Proc Natl Acad Sci USA 96: 12766-12771, 1999

2. Adinolfi LE, Utili R, Andreana A, et al: Relationship between
genotypes of hepatitis C virus and histopathological manifesta-
tions in chronic hepatitis C patients. Eur J Gastroenterol Hepa-
tol 12: 299-304, 2000

3. Alison MR, Poulsom R, Jeffery R, et al: Hepatocytes from non-
hepatic adult stem cells. Nature 406: 257, 2000

4. Alter MJ, Kruszon-Moran D, Nainon OV, et al: The prevalence
of hepatitis C virus infection in United States, 1988 through
1994.  N Engl J Med 321: 556-562, 1999

5. Ander RA, Yerian LM, Tretiakova M, et al: cDNA microarray
analysis of macroregenerative and dysplastic nodules in end-
stage hepatitis C virus-induced cirrhosis. Am J Pathol 162:
991-1000, 2003

6. Armstrong GL, Alter MJ, McQuillan GM, et al: The past inci-
dence of hepatitis C virus infection: implications for the future
burden of chronic liver disease in the United States. Hepatol-
ogy 31: 777-782, 2000

7. Barba G, Harper F, Harada T, et al: Hepatitis C virus core pro-
tein shows a cytoplasmic localization and associates to cellular
lipid storage droplets. Proc Natl Acad Sci USA 94:1200-1205,
1997

8. Bartenschlager R, Lohmann V: Replication of hepatitis C virus.
J Gen Virol 81: 1631-1648, 2000

9. Bedossa P, Poynard T: The METAVIR cooperative study group.
An algorithm for the grading of activity in chronic hepatitis C.
Hepatology 24: 289-293, 1996

10. Bisgaard HC, Holmskov U, Santoni-Rugiu E, et al: Hetero-
geneity of ductular reactions in adult rat and human liver
revealed by novel expression of deleted in malignant brain
tumor 1. Am J Pathol 161: 1187-1198, 2002

11. Buendia MA: Genetics of hepatocellular carcinoma. Semin
Cancer Biol 10: 185-200, 2000

12. Chang M, Williams O, Mittler J, Qiuntanilla A, Carithers RL,
Perkins J, Corey L, Gretch DR: Dynamics of hepatitis C virus
replication in human liver. Am J Pathol 163: 433-444, 2003

13. Choi J, Xu Z, Ou J-H: Triple decoding of hepatitis C virus
RNA by programmed translational frameshifting. Mol Cell
Biol 23: 1489-1497, 2003

14. Crowson AN, Nuovo G, Ferri C, et al: The dermatopathologic
manifestations of hepatitis C infection: A clinical, histological,
and molecular assessment of 35 cases. Hum Pathol 34: 573-
579, 2003

15. De Martino L, Sampaolo S, Tucci C, et al: Viral RNA in nerve
tissues of patients with hepatitis C infection and peripheral
neuropathy. Muscle and Nerve 27: 102-104, 2003

16. De Vos R, Verslype C, Depla E, et al: Ultrastructural visualiza-
tion of hepatitis C virus components in human and primate
liver biopsies. J Hepatol 37: 370-379, 2002

17. Di Bisceglie AM: Hepatitis C – Virology and future antiviral
targets. Am J Med 107: 45S-48S, 1999

18. Dudás J, Kovalszky I, Gallai M, et al: Expression of decorin,
transforming growth factor beta 1, tissue inhibitor metallopro-
teinase 1, 2 and type IV collagenases in chronic hepatitis. Am
J Clin Path 115: 725-735, 2001

19. Edamoto Y, Hara A, Biernat W, et al: Alterations of RB1, p53
and Wnt pathways in hepatocellular carcinomas associated
with hepatitis C, hepatitis B and alcoholic liver cirrhosis. Int J
Cancer 106: 334-341, 2003

20. Forbes S, Vig P, Poulsom R, et al: Hepatic stem cells. J Pathol
197: 510-518, 2002

21. Gao G, Buskel Z, Seef L et al: Drift in the hypervariable region
of the hepatitis C virus during 27 years in two patients. J Med
Virol 68: 60-67, 2002

22. Gardner JP, Durso RJ, Arrigale RR, et al: L-sign (CD 209L)
is a liver-specific capture receptor for hepatitis C virus. Proc
Natl Acad Sci USA 100: 4498-4503, 2003

23. Gasztonyi B, Pár A, Kiss K, et al: Activation of the nuclear fac-
tor kappa B – key role in oncogenesis? Chronic hepatitis C virus
infection and lymphomagenesis. Orv Hetil 144: 863-868, 2003

24. Gervain J, Simon G, Papp I, et al: Analysing the type and sub-
type of hepatitis virus C of chronic viral hepatitis patients in
Hungary. Orv Hetil 142: 1315-1319, 2001

25. Gervain J, Czibula Á, Simon J, et al: Structure analysis of the
PKR-binding region of HCV 1b samples from patients with
chronic hepatitis C and the correlation with IFN-sensitivity.
Orv Hetil 144: 1179-1184, 2003

26. He Y, Katze MG: To inferfere and to anti-interfere: The inter-
play between hepatitis C virus and interferon. Viral Immunol
15: 95-119, 2002

27. Houghton M: Hepatitis C viruses. In: Fields Virology, ed 3.
(Eds: Fields BN, Knipe DM, Howley PM), Lippincott-Raven,
Philadelphia, 1996, pp. 1035-1068

28. International Hepatology Informatics Group: Diseases of the
Liver and Biliary Tract. Standardization of Nomenclature,
Diagnostic Criteria, and Prognosis. Raven Press, New York,
1994.

29. Ishak K, Baptista A, Bianchi L, et al: Histological grading and
staging of chronic hepatitis. J Hepatol 22: 696-699, 1995

30. Iwarson S, Schaff Zs, Seto BJ, et al: Retrovirus-like particles in
hepatocytes of patients with transfusion-aquired non-A, non-B
hepatitis. J Med Virol 16: 37-45, 1985

31. Jármay K, Gallai M, Karácsony G, et al: Decorin and actin
expression and distribution in chronic hepatitis C following
interferon-alfa-2b treatment. J Hepatol 32: 993-1002, 2000

32. Kapadia SB, Brideau-Andersen A, Chisari FV: Interference of
heptitis C virus RNA replication by short interfering RNAs.
Proc Natl Acad Sci USA 100: 2014-2018, 2003

33. Knodell RG, Ishak KG, Black WC, et al: Formulation and
application of a numerical scoring system for assessing histo-
logical activity in asymptomatic chronic active hepatitis. Hepa-
tology 1: 431-435, 1981

34. Korbling M, Katz RL, Khanna A, et al: Hepatocytes and epithe-
lial cells of donor origin in recipients of peripheral-blood stem
cells. N Engl J Med 346: 738-746, 2002

35. Lotz G, Kiss A, Kaposi Novák P, et al: Hepatitis viruses and
hepatocarcinogenesis. J Physiol-Paris 95: 417-422, 2001

220 SZABÓ et al

PATHOLOGY ONCOLOGY RESEARCH



36. Lotz G, Simon Zs, Szalay F, et al: Localization of hepatitis C
virus RNA on human red blood cells by RT-in situ PCR tech-
nique. Scand J Gastroenterol 37: 578-584, 2002

37. Lowes KN, Brennan BA, Yeoh GC, et al: Oval cell numbers in
human chronic liver diseases are directly related to disease
severity. Am J Pathol 154: 537-541, 1999.

38. Mihm S, Fayyazi A, Hartmann H, et al: Analysis of histopatho-
logical manifestations of chronic hepatitis C virus infection
with respect to virus genotype. Hepatology 25: 735-739, 1997.

39. Müller HM, Pfaff E, Goeser T, et al: Peripheral blood leuco-
cytes serve as a possible extrahepatic site for hepatitis C virus
replication. J Gen Virol 74: 669-676, 1993.

40. Nagy P, Schaff Zs, Lapis K: Immunohistochemical detection of
transforming growth factor-ß1 in fibrotic liver diseases. Hepa-
tology 14: 269-273, 1991

41. Paku S, Schnur J, Nagy P, et al: Origin and structural evolution
of the early proliferating oval cells in rat liver. Am J Pathol
158: 1313-1323, 2001

42. Pár A: Hepatitis C virus (HCV) infection – after 12 years.
Advances in the management of chronic hepatitis C. Orv Hetil
143: 2667-2674, 2002

43. Pár A, Telegdy L, Dalmi L, et al: Therapy for chronic hepatitis
C. J Physiol 95: 399-405, 2001

44. Pileri P, Uematsu Y, Campagnoli S, et al: Binding of hepatitis
C virus to CD81. Science 282: 938-941, 1998

45. Pina Dore M, Realdi G, Mura D, et al: Genomic instability in
chronic viral hepatitis and hepatocellular carcinoma. Hum
Pathol 32: 698-703, 2001

46. Podányi B: Extrahepatic manifestations and skin diseases associ-
ated with hepatitis C virus infection. Orvosképzés 1: 1-48, 2003

47. Poynard T, Bedossa P, Opolon P: Natural history of liver fibro-
sis progression in patients with chronic hepatitis C. Lancet 349:
825-832, 1997

48. Ramalho F, Costa A,  Pires A, et al: Correlation of genotypes
and route of transmission with histologic activity and disease
stage in chronic hepatitis C. Digest Dis Sci 45: 182-187,
2000

49. Rozario R, Ramakrishna B: Histopathological study of chron-
ic hepatitis B and C: a comparison of two scoring systems. J
Hepatol 38: 223-229, 2003

50. Rubbia-Brandt L, Leandro G, Spahr L, et al: Liver steatosis in
chronic hepatitis C: a morphological sign suggesting infection
with HCV genotype 3. Histopathology 39: 119-124, 2001

51. Scarselli E, Ansuini H, Cerino R, et al: The human scavenger
receptor class B type I is a novel candidate receptor for the
hepatitits C virus. EMBO J 21: 5017-5025, 2002

52. Schaff Zs, Hsia CC, Sarosi I, et al: Overexpression of trans-
forming growth factor-alpha in hepatocellular carcinoma and
focal nodular hyperplasia from European patients. Hum Pathol
25: 644-651, 1994

53. Schaff Zs, Lotz G, Eder G, et al: Pathomorphology and apop-
tosis in viral hepatitis. In: Therapies for Viral Hepatitis. (Eds:
Schinazi RF, Sommadossi JP, Thomas H), Int. Med. Press Ltd,
London, 1998, pp. 77-86

54. Schaff Zs, Tabor E, Jackson DR, et al: Ultrastructural alter-
ations in serial liver biopsy specimens from chimpanzees
experimentally infected with a human non-A, non-B hepatitis
agent. Virchows Arch B 45: 301-312, 1984

55. Scheuer PJ: Assessment of liver biopsies in chronic hepatitis:
how is it best done? J Hepatol 38: 240-242, 2003

56. Scheuer PJ, Davies SE, Dhillon AP: Histopathological aspects
of viral hepatitis. J Viral Hep 3: 277-283, 1996

57. Serfaty L, Andreani T, Giral P, et al: Hepatitis C virus induced
hypobetalipoproteinemia: a possible mechanism for steatosis
in chronic hepatitis C. J Hepatol 34: 428-434, 2001

58. Shimotohno K: Hepatitis C virus and its pathogenesis. Semin
Cancer Biol 10: 233-240, 2000 

59. Smith MW, Yue ZN, Geiss GK, et al: Identification of novel
tumor markers in hepatitis C virus-associated hepatocellular
carcinoma. Cancer Res 63: 859-864, 2003

60. Tabor E: Hepatocellular carcinoma: global epidemiology.
Digest Liver Dis 33: 115-117, 2001

61. Wanless IR, Nakashima E, Sherman M: Regression of human
cirrhosis. Arch Pathol Lab Med 124: 1599-1607, 2000

62. Wasley A, Alter MJ: Epidemiology of hepatitis C: geographic dif-
ferences and temporal trends. Semin Liver Dis 20: 1-16, 2000

63. WHO Global surveillance and control of hepatitis C. Report of
a WHO consultation organized in collaboration with the Viral
Hepatitis Prevention Board, Antwerp, Belgium. J Viral Hepa-
tol 6: 35-47, 1999

64. Wilson JA, Jayasena S, Khvorova A et al: RNA inferference
blocks gene expression and RNA synthesis from hepatitis C
replicons propagated in human liver cells. Proc Natl Acad Sci
100: 2783-2788, 2003

65. Yen T, Keeffe E, Ahmed A: The epidemiology of hepatitis C
virus infection. J Clin Gastroenterol 36: 47-53, 2003.

221New Data on Hepatitis C Virus Infection

Vol 9, No 4, 2003


