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Abstract
A number of studies conducted over many years have 
shown that hepatitis C virus (HCV) can infect a variety 
of cell types. In vivo  infection of monocytes, macro-
phages, and dendritic cells by HCV has been frequently 
shown by a number of researchers. These studies have 
demonstrated replication of HCV by detecting the pres-
ence of both negative genomic strands and a variety of 
non-structural HCV proteins in infected cells. In addi-
tion, analyses of genome sequences have also shown 
that different cell types can harbor different HCV vari-
ants. Investigators have also done preliminary studies 
of which cellular genes are affected by HCV infection, 
but there have not yet been a sufficient number of 
these studies to understand the effects of infection 
on these cells. Analyses of in vitro  HCV replication 
have shown that monocytes, macrophages and den-
dritic cells can be infected by HCV from patient sera or 
plasma. These studies suggest that entry and cellular 
locations may vary between different cell types. Some 
studies suggest that macrophages may preferentially 
allow HCV genotype 1 to replicate, but macrophages 
do not appear to select particular hypervariable re-
gions. Overall, these studies agree with a model where 
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monocytes and macrophages act as an amplification 
system, in which these cells are infected and show few 
cytopathic effects, but continuously produce HCV. This 
allows them to produce virus over an extended time 
and allows its spread to other cell types.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: We review the evidence of infection of mono-
cytes and macrophages by hepatitis C virus (HCV), both 
in vivo  and in vitro . There are two innovative ideas: 
(1) the hypervariable region of HCV may vary due to 
host range of variants in addition to immune pressure; 
and (2) a novel model of the role of macrophages and 
monocytes in HCV infections is proposed that is consis-
tent with current evidence.

Revie D, Salahuddin SZ. Role of macrophages and monocytes 
in hepatitis C virus infections. World J Gastroenterol 2014; 
20(11): 2777-2784  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i11/2777.htm  DOI: http://dx.doi.
org/10.3748/wjg.v20.i11.2777

INTRODUCTION
Hepatitis C virus (HCV) is a cause of  liver diseases as 
well as other extrahepatic pathologies. A combination 
of  the drugs ribavirin and pegylated interferon is usually 
used as therapy. More recently other drugs have been ap-
proved that may increase the chances of  successful treat-
ment. These other drugs are designed to interfere with 
specific viral proteins. It is important to understand how 
HCV replicates so that rational therapies can be designed. 



This review concentrates on the infection of  monocytes, 
macrophages, and dendritic cells by HCV so that we can 
better understand the life cycle of  HCV.

Macrophages are phagocytic cells that are found in 
all tissues. They are produced from the differentiation of  
monocytes. Macrophages are part of  the innate immune 
system, but they also have a role in adaptive immunity by 
stimulating immune cells to respond to pathogens. Liver 
macrophages are called Kupffer cells, which comprise 
as much as 25% of  the cells in the liver[1,2], while brain 
macrophages are called microglial cells, which comprise 
about 10% of  the cells in the brain[3]. There is evidence 
that Kupffer cells are involved in lipid homeostasis in the 
liver[4], and that impaired activation of  Kupffer cells can 
result in hepatic steatosis and insulin resistance[5]. Simi-
larly, microglial cell disfunction in the central nervous 
system (CNS) can result in neurodegenerative diseases[3].

HCV has not only been implicated in liver diseases, 
but also in a number of  extrahepatic pathologies, in-
cluding mixed cryoglobulinemia, B-cell non-Hodgkin 
lymphoma, and porphyria cutanea tarda[6]. Most of  these 
diseases are thought to be due to indirect effects of  HCV 
infection, such as chronic inflammation, autoantibody 
production, and the deposition of  antibody-antigen com-
plexes. A number of  HCV-related nervous system disor-
ders have also been found, including neurological prob-
lems such as confusion or seizures, cognitive problems 
such as fatigue and depression, and neuropathies such as 
pain and sensory problems[7]. There is some evidence of  
direct involvement of  HCV in some of  these disorders, 
but others are also probably due to secondary effects of  
the infection. Since there are a large number of  extrahe-
patic problems in HCV-infected individuals, studies have 
been done to determine the types of  cells that can be 
infected by HCV. Many different cell types and tissues 
have been reported to be infected by HCV[8], but proof  
that they are the cause of  particular problems in patients 
is mostly lacking. In this review, we will be concentrating 
on the evidence of  infection of  monocytes and macro-
phages, and the possible consequences of  infection of  
these cells.

HCV is a positive-strand virus about 9.6 kb in size. 
Replication is through a negative-strand intermediate. 
Evidence of  negative strands of  HCV in cells is often 
used as indicating that the HCV present in particular 
cells is replicating. When HCV replicates, it produces a 
number of  well characterized non-structural proteins not 
found in the virus: NS2, NS3, NS4A, NS4B, NS5A, and 
NS5B. The presence of  these proteins in cells is inter-
preted as resulting from HCV replication. The proteins 
in the virion are core, the envelope proteins E1 and E2, 
and the ion channel protein p7. There is also one protein 
produced from a ribosomal frameshift during translation, 
called F or AFRP. All of  these proteins are made from 
cleavage of  a polyprotein of  approximately 3000 amino 
acids. The HCV genome contains a 341 untranslated 
nucleotide segment at the 5’ end of  the genome called 
the 5’UTR or 5’NTR that is important for replication[9] 

and translation[10,11]. The region of  the genome located at 
the amino end of  the E2 protein is called the hypervari-
able region 1 (HVR1). The 5’UTR is the most conserved 
region of  the genome and the HVR1 is the most variable.

IN VIVO EXPERIMENTS SHOWING 
INFECTION OF MONOCYTES
Soon after assays were developed for HCV, reports that 
the replicative form, the negative strand of  the HCV 
genome, could be detected in peripheral blood mono-
nuclear cells (PBMC)[12-15]. However, it was later shown 
that false positives of  HCV RNA could be a problem. 
Therefore, modifications to the PCR protocols were 
instituted, including the use of  rTth polymerase. Since 
then, over 20 additional studies have shown the pres-
ence of  negative strands of  HCV RNA in PBMC using 
modified PCR methods[8]. In addition, many studies have 
shown that B-cells, T-cells and other cell types in vivo also 
can have detectable negative strands of  HCV RNA.

After PBMC were shown to be infected by HCV, 
studies were performed to determine which cell types 
were infected. Flow cytometry was used to separate 
monocytes from other cell types of  PBMC from HCV-
infected patients. These cells appeared to contain the 
Core protein of  HCV[14], suggesting that HCV was inside 
the cells. In situ hybridization to locate negative strand 
HCV RNA has also been used to show that HCV infects 
monocytes/macrophages, B cells, and possibly T-cells[16]. 
Immunofluorescence experiments also have shown a 
variety of  HCV non-structural proteins in the cells, con-
firming they were infected[16]. RT-PCR has also been used 
to test for negative strands of  HCV. PBMC separated 
into different cell types by immunomagnetic selection of  
cell types show both HCV positive and negative strands 
of  HCV RNA in granulocytes, monocytes, and B-cells, 
but not in T-cells or thrombocytes[17]. Other studies using 
immunomagnetic selection of  cell types have shown neg-
ative HCV strands in monocytes/macrophages, T-cells, 
and B-cells[18] and in B-cells, monocytes, and polymor-
phonuclear leukocytes, but not in T-cells[19]. These studies 
all agree that, in some patients, negative strands can be 
found in monocytes or macrophages. HCV has also been 
found to bind to natural killer, monocytes, and B-cells 
found in PBMC, suggesting a role for these cells as carri-
ers of  HCV to various tissues[20].

Fluorescence microscopy and immunohistochemistry 
have also been used to show that HCV in monocytes is 
present and replicating. For example, studies have shown 
the presence of  NS4/NS4B[16,21-23] and NS5/NS5A[24,25] in 
monocytes or macrophages.

As studies have shown that different cell types in 
PBMC harbor replicating HCV, other work investigated 
differences in quasispecies in these tissues. The predomi-
nant hypervariable region 1 (HVR-1) sequence of  HCV 
has been shown to be different in liver, PBMC, and plas-
ma[26] or liver, PBMC, and serum in patients[27,28]. However, 
these studies did not look at particular cell types in these 
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samples. Significantly different sequences have been found 
in different cell types found in PBMC, including mono-
cytes and B-cells[29]. Different types of  monocytic cell 
lineages have been investigated, with CD14+, CD16++ and 
CD14++, CD16++ but not CD14+, CD16- cells being found 
infected[30]. These studies suggest that different cell types 
allow replication of  slightly different versions of  HCV.

Studies have also investigated liver tissue for infec-
tion by HCV. One early study used in situ hybridization 
to locate HCV and found a few positive cells, which were 
most likely lymphocytes or macrophages[31], but they did 
not positively identify the cell types. A more recent study 
stained cells for both HCV Core and NS4 as well as cell 
type specific markers CD68, CD3, and CD20[21]. They 
found that macrophages were the major target of  HCV 
in liver, heart, kidney, and bone marrow cells. Other in situ 
hybridization and immunohistochemical studies of  liver 
cells have not stained for both HCV and the cell type; 
more studies are therefore needed.

Since cognitive impairment is a manifestation of  
HCV infection, a number of  studies of  HCV infection 
of  neuronal cells have been performed. HCV negative 
strands were found in brain tissues from three patients 
that were obtained from autopsies[32]. They also showed 
that in two patients the serum and brain derived HCV 
had different HCV genotypes. As CD14 was detected in 
the brain tissue samples but not CD2 (T-cells) or CD19 
(B-cells), they suggest that macrophages/monocytes were 
infected. HCV sequences from brain, liver, lymph node, 
and serum samples were also found to have differences in 
the HVR1 and IRES regions, providing evidence of  tis-
sue compartmentalization[33]. They also investigated trans-
lation efficiency of  the IRES, and found the quasispecies 
in the brain have lower translation efficiency than that of  
liver or serum. RT-PCR has been used to show that HCV 
is found in postmortem brain tissue[34]. Immunostaining 
was also performed to determine that microglial/macro-
phage cells (CD68+ and CD45+) were infected by HCV, 
while neurons and oligodendroglial cells did not stain. 
Brain macrophages/microglial cells have also analyzed 
for cytokine and chemokine expression[35]. Higher levels 
of  expression of  the cytokines interleukin 1α and tumor 
necrosis factor α, interleukin 1β, interleukin 12, and in-
terleukin 18 and the chemokines interleukin 8, interleukin 
16, and interferon-inducible protein 10 were found in 
HCV infected CD68+ brain cells. They suggested that in-
fected leukocytes could pass HCV to cells in the CNS.

Two groups have investigated expression of  toll-like 
receptors (TLR) in monocytes of  infected individuals. 
One study found that TLRs 2, 5, 6, 7, 8, 9, and 10 mRNA 
levels were all upregulated compared to uninfected indi-
viduals[36]. In addition, MD-2, CD14, and MyD88 were 
also upregulated in monocytes. However, they did not 
check the monocytes to see if  they were infected with 
HCV. A second study looked primarily at expression lev-
els in PBMC[37]. They found TLRs 4, 7, and 8 upregulated 
in CD14+ monocytes, as well as TNFα, IL-6, and IL-

12p35 in PBMC. Therefore, TLR7 and TLR8, which are 
activated by single-strand RNA, were found upregulated 
by both groups, and TLR3 did not significantly change in 
either study, but they disagreed on the other TLR. This 
could be due to a number of  factors, including patient 
differences and how the monocytes were collected. One 
other group found no significant differences in the lev-
els of  CD14+CD16- and CD16+CD14- monocytes after 
HCV infection[38], although there were differences in re-
sponse to TLR8-ligation or LPS stimulation. Therefore, 
they suggest that CD16+CD14- monocytes do not appear 
to have a role in HCV pathogenesis, although they may 
differentiate into Kupffer or Dendritic cells. However, 
there is no reason to expect that levels of  monocytes 
would be related to the pathogenesis of  HCV, so their 
conclusions don’t seem reasonable.

Dendritic cells (DC), like macrophages, are derived 
from monocytes. RT-PCR has been used to show that 
monocyte-derived DCs contain HCV RNA[39]. Circulat-
ing DCs have also been shown to be positive for HCV 
RNA[40,41]. Analysis of  the HVR-1 quasispecies suggests 
that HCV in dendritic cells were different than serum. 
Myeloid dendritic cells (mDC) separated from plasma-
cytoid dendritic cells (pDC), and then sequenced, had 
HVR-1 that was often significantly different between the 
DC and sera. HCV was detected in monocytes, but not in 
mature DC produced from the monocytes after stimula-
tion with granulocyte macrophage colony-stimulating fac-
tor (GM-CSF) and IL-4[42]. They found the metabolism 
of  the DCs to be altered compared to monocytes from 
uninfected patients. It may be that their conversion of  
monocytes to DC only works well on HCV-negative cells, 
e.g., HCV-infection may inhibit the conversion. However, 
a recent review of  the effects of  chronic HCV infection 
on dendritic cells found some agreement that there are 
lowered numbers of  mDC and pDC in infected individu-
als, but there have not been any convincing functional 
defects found in the cells[43].

These in vivo studies show that monocytes, macro-
phages, and dendritic cells can be infected by HCV. The 
HCV sequence results suggest that different cell types 
can select slightly different HCV variants, producing sep-
arate pools or compartments. This suggests that at least 
part of  the reason that the major HCV variants change 
in patients over extended times is due to changes in cell 
tropism. A recent study of  one HCV patient over an ex-
tended time suggests that the proportions of  particular 
variants changes over time[44]. It is hard to reconcile their 
observations with the hypothesis that immune pressure is 
the driving force for genetic variation of  HCV. Instead, a 
combination of  changes in cell tropism and the immune 
system adaptive system trying to eliminate the virus bet-
ter accounts for HCV variation over extended times. 
Studies that have investigated monocyte/macrophage cell 
responses to HCV have not been extensive enough to 
reach firm conclusions about changes in gene expression 
by HCV infected cells.
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ity to HCV infection[53]. Negative strands were detected 
in both immature and mature DC within 2 d after infec-
tion. Quasispecies analysis of  the HVR-1 and SSCP of  
the 5’UTR showed minor differences between HCV in 
the patient sera and the DC HCV. One study of  the in-
fection of  isolated dendritic cells, both myeloid DC and 
plasmacytoid DC, using HCVcc provided evidence that 
HCV uses different methods of  entry into each of  the 
cell types[54]. They also provide evidence that the HCV 
localizes in different places in the two cell types: endo-
somes in plasmacytoid DC and in lysosomes in myeloid 
DC. The virus thus likely uses different sets of  receptors 
to enter each cell.

A culture system that has been extensively studied 
uses primary macrophages generated from umbilical cord 
blood[55]. In this system, HCV from serum or plasma of  
an HCV-infected individual was used to infect the pri-
mary macrophages (Figure 1). After about 7 d, the HCV 
in the cell culture supernatant was used to infect other 
cell types, including B-cells, T-cells, and macrophage-like 
neuronal cells (Table 1). Analysis of  the 5’UTR of  HCV 
genotype 1 showed that there were only minor differ-
ences between the serum/plasma and the HCV produced 
by the other cell types[56]. However, variants in serum that 
contained a large deletion did not replicate in the macro-
phages[57]. This suggests that the macrophages are repli-
cating most but not all HCV variants. Additional support 
for this was seen when HCV genotype 3 was analyzed[58]. 
The 5’UTR for the HCV genotype 3 cultured in vitro had 
changed significantly, and was now similar to HCV geno-
type 1. This suggested that the macrophages are selecting 
sequences similar to HCV genotype 1. Culturing in other 
cell types did cause selection of  particular HVR-1. It was 
also found that culturing in macrophages produced the 
same variants as seen in one patient’s serum almost 18 
mo later, suggesting macrophages tend to produce the 
same variants in vitro as seen in vivo. Overall, these results 
suggest that macrophages in HCV genotype 1 individuals 
are producing HCV that is a little more infectious than 
that found in the serum. 

These results suggest that studying the infection of  
monocytes and macrophages in vitro and in vivo may yield 
insights into the life cycle of  the virus. What is the role 
of  monocytes and macrophages? Are they important for 
sustaining the infection or just innocent bystanders and 
only transiently infected?

MODEL OF THE ROLE OF 
MACROPHAGES
Most HCV investigators have likely regarded the pro-
ductive infection of  macrophages by HCV as either 
something that does not happen or of  little importance. 
Researchers who have studied the in vivo infection of  
macrophages and monocytes, however, have provided 
a substantial amount of  evidence that they are infected, 
as detailed above. There has been little agreement of  
whether infection of  monocytes or macrophages is im-

IN VITRO EXPERIMENTS INVESTIGATING 
REPLICATION OF HCV IN MONOCYTES
As there is significant evidence for infection of  mono-
cytes, macrophages, and dendritic cells in vivo, a number 
of  groups have studied infection of  these cell types in 
vitro. The first study of  monocytes/macrophages in vitro 
isolated the cells from healthy donors[45]. They then incu-
bated them with HCV positive sera. There was a low level 
of  infection, and the HVR-1 sequences of  the serum and 
cultured samples were very similar. A second study testing 
the infection of  Kupffer cells found no significant infec-
tion of  them[46].

Monocytes/macrophages isolated from PBMC of  
healthy donors were shown to be infectable by sera from 
HCV-infected patients[47]. They found negative strands 
of  HCV present in the cells, and the quasispecies of  the 
5’UTR and NS5B regions were investigated by single-
strand conformation polymorphism (SSCP) and sequenc-
ing. They found some sequence changes in either the 
NS5B or 5’UTR for samples from some patients. Mono-
cytes/macrophages already infected with HIV have been 
found to be more infectable by HCV, and they had higher 
levels of  HCV RNA than cells that were not pre-infected 
with HIV[48]. PBMC from uninfected individuals that 
was incubated with HCV genotype 4, and then separated 
into cell types by flow cytometry, has detectable negative 
strands by RT-PCR and immunofluorescence staining 
against core and E1 24 h post infection[49]. The staining 
was most frequently in monocytes, as determined by flow 
cytometry.

A monocytoid cell line, THP-1, has been tested for 
susceptibility to infection by HCV[50]. The presence of  
HCV envelope protein E2 was found inside cells using 
immunofluorescence, and HCV RNA was detectable in 
cell culture supernatants seven days after infection. How-
ever, recently, another group found HCV to enter THP-1 
cells in a manner that was insensitive to anti-CD81 block-
ing antibodies, but the HCV did not replicate[51]. These 
cells, therefore, may not be useful as an in vitro model 
for studying HCV replication. However, they showed 
that Kupffer cells in the liver produce low but detect-
able levels of  interferon-β in HCV-infected individuals 
and THP-1 cells also produce interferon-β in response 
to HCV infection, suggesting that THP-1 cells were 
responding similarly to Kupffer cells. Livers of  HCV-
infected individuals were also analyzed for the source 
of  IL-1β production. Staining of  liver sections using 
antibodies against both IL-1β and CD68 showed that IL-
1β was produced in intrahepatic macrophages[52]. In vitro 
cultured THP-1 cells also produced IL-1β in response 
to cell culture-derived HCV (HCVcc). The THP-1 cells 
had peak IL-1β production 3 h after virus exposure. The 
virus was found to enter THP-1 cells in a method inde-
pendent of  the CD81 co-receptor. UV-inactivated virus 
also caused the IL-1β response, suggesting that viral rep-
lication was not necessary for the response.

Dendritic cells have been tested in vitro for susceptibil-
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portant for the long term consequences of  HCV infec-
tion. Some work has been performed on the infection of  
neuronal cells in vivo, and it has been suggested that infec-
tion of  microglial/macrophage cells may allow HCV to 
pass through the blood-brain barrier to infect brain cells 
such as astroglial cells[34,35,48]. This has been described as a 
“Trojan horse” mechanism.

Evidence that HCV RNA purified from various tis-
sues (compartments) has small differences in their HVR 
and/or 5’UTR sequences suggests that different versions 
of  HCV replicate in different tissues. In addition, in vitro 
evidence suggests that different cell types also preferen-
tially replicate slightly different versions of  HCV. Of  the 
cell types investigated in vitro, monocytes/macrophages 

appear to have sequences that are closest to those found 
in the sera of  patients. This suggests that monocytes/ 
macrophages have an important role in HCV replication 
in vivo. The Trojan horse mechanism that has been pro-
posed for infection of  cells in the brain may also be valid 
for other tissues. Therefore, monocytes/macrophages 
in HCV infection may act as a carrier of  the infection to 
other cells. The monocytes/macrophages get infected, 
but do not themselves have significant cytotoxic effects 
or metabolic problems when infected. This allows them 
to be infected for longer periods of  time. Instead, they 
replicate HCV in a relatively non-specific manner for as 
long as they survive. Macrophages select against defective 
HCV, probably, in other regions of  the HCV genome. 
Macrophages in HIV-1 infections have been shown to be 
“holding compartments” for HIV-1, where membranous 
labyrinths form and contain the virus[59]. Macrophages 
may also act in a similar manner with HCV and therefore 
produce and/or hold a lot of  virus. Overall, we propose 
a model where HCV infects macrophages. The macro-
phages replicate the HCV and then pass it on to other 
cell types. Other cell types, on the other hand, often show 
effects of  HCV infection, including cytopathic effects 
such as cell death. It may be that these cell types, when 
infected, produce the diseases we associate with long 
term infection by HCV, such as liver damage due to the 
cytopathic effects of  HCV on hepatocytes. It should be 
noted that there are many types of  macrophages, so each 
particular type may act slightly differently with regards to 
HCV, but our model extrapolates from the ones that have 
been studied to date.

What are the clinical implications of  the proposed 
role of  macrophages/monocytes? First, macrophages 

Mononuclear cells 
from fetal cord blood

Induce with PWM

Transform with EBV

Culture for 3 wk

Freshly transformed B 
cells

HCV producing stock 
culture

Induce with PMA

Generate macrophages

Cell free 
transmission

Macrophages

Cell free 
transmission

Macrophages

Specimen from HCV 
infected patients

Serum PBMC

0.45 m

Co-Culture

Figure 1  Isolation method for studying in vitro replication of hepatitis C virus. Macrophages are generated from mononuclear cells in fetal cord blood and 
infected by hepatitis C virus (HCV). Adapted from reference[55]. EBV: Epstein-Barr virus; PWM: Pokeweed mitogen; PMA: Phorbol-12-myristate-13-acetate; PBMC: 
Peripheral blood mononuclear cells.

Table 1  Transmission of hepatitis C virus into various 
hematopoetic and liver cells

Short term replication Long term replication

T-cells1 + -
B-cells2 + +
Monocytes/
macrophages3

+ -

Neuronal precursors4 + +
Liver cells5

   Kupffer cells + -
   Hepatocyte + +/-

Adapted from reference[55]. 1T-cells isolated from human fetal cord blood; 
2B-cells immortalized by infection with transforming Epstein-Barr virus; 
3Monocyte/macrophages: adherent cells stimulated with phorbol-12-
myristate-13-acetate; 4Recently isolated neuronal cells from fetal human 
brain; 5Freshly isolated liver cells from liver biopsies. Kupffer cells are 
liver macrophages and hepatocytes are liver endothelial cells. 
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are fairly long-lived cells, and generally survive for 
weeks. It has been proposed that the presence of  CD14 
on the cells supports survival of  the cells[60]. This long 
life, even after HCV infection, suggests that not only is 
HCV produced for extended periods, but the cells can 
also produce cytokines that affect other immune cells 
such as B-cells and T-cells[60,61]. The cytokines can cause 
cytopathic effects on other nearby cells. Therefore, the 
infection of  long-lived cells may partially explain the long 
treatment times needed to eradicate HCV. Second, results 
of  in vitro studies may explain differences in therapy for 
different HCV genotypes. As described above, HCV 
genotype 1 readily infects macrophages in vitro, but HCV 
genotype 3 does not. Since therapy for HCV genotype 
1 needs to be done for longer periods than HCV geno-
type 3[60], this may be due in part to the different cell 
tropisms for the two genotypes. Evidence in support of  
this has been shown in one report that showed that in 
patients that did not have a sustained virologic response 
to combination therapy with ribavirin and pegylated 
interferon-α, 88% were infected with genotypes 1 or 4, 
while 24% were infected with genotypes 2 or 3[62]. Some 
patients were infected with two genotypes. Third, studies 
of  extrahepatic diseases resulting from HCV infection 
suggest the presence of  replicating virus in peripheral 
blood or bone marrow-derived lymphocytes in patients 
with mixed cryoglobulinemia[63], in carotid plaques[64], 
and in peripheral blood leukocytes of  patients with li-
chen planus[65]. The researchers did not determine which 
specific cell types contained replicating HCV in any of  
these reports, but it is likely that monocytes are infected. 
Unfortunately, we can find no studies that have investi-
gated which specific cell types produce replicating HCV 
in any studies of  extrahepatic diseases caused by HCV 
infection. Last, one group has shown CD68-positive 
macrophages in liver, heart, kidney, and bone marrow in 
autopsy specimens from patients that had hepatocellular 
carcinoma and cardiomyopathies[21]. This study therefore 
suggests that many different tissues can contain infected 
macrophages that may cause disease, either by passing 
HCV or indirectly by releasing signaling molecules.

The study of  HCV replication to date has mostly 
concentrated on the JFH1/HuH 7.5 model system, to 
the neglect of  studying HCV isolated from patients. This 
system is not relevant for the studies of  the infection of  
a variety of  cell types by the natural virus, which will be 
needed to let us understand how HCV causes disease. 
Although the work performed to date has advanced our 
understanding of  HCV, the field needs to compare the 
results obtained from the model systems with studies us-
ing the natural virus to obtain a better understanding of  
how HCV is able to replicate in infected individuals.
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