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Abstract
The HCV core protein is implicated in diverse aspects of HCV-induced pathogenesis. There is a
paucity of information on core in acute hepatitis C infection. We analyzed core gene sequences and
protein functions from 13 patients acutely infected with HCV genotype 1. While core isolates differed
slightly between patients, core quasispecies were relatively homogeneous within a patient. In 2 of 4
patients studied temporally, core quasispecies did not change over time. Comparison with more than
2700 published core isolates indicated that amino acid changes from a prototype reference strain
found in acute core isolates were present in chronically infected persons at low frequency (6.4%,
range 0-32%). Core isolates associated with lipid droplets (LDs) to similar degrees in Huh7 cells.
Core diffusion in cells was not affected by non-conservative changes F130L and G161S in the lipid
targeting domain of core. Core isolates inhibited ISRE- and NF-κB-dependent transcription, and
TNF-α- induced nuclear translocation of NF-κB and were also secreted from Huh7 cells. The data
suggest that upon transmission, core quasispecies undergo genetic homogenization associated with
amino acid changes that are rarely found in chronic infection, and that despite genetic variation, acute
core isolates retain similar functions in vitro.
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INTRODUCTION
Acute HCV infection is frequently subclinical and not associated with symptoms, making
recognition of infection in the early stages problematic. Unfortuantely, acute HCV infection
frequently progresses to chronic infection. A number of mechanisms can be forwarded to
explain these results including immune escape from humoral and cellular responses by rapidly
evolving HCV quasispecies, exhaustion of viral specific T cells, and induction of Treg cells
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[1]. An unanswered question is whether the ability to clear acute infection occurs earlier and
depends on the interaction of HCV with innate antiviral and cellular responses mediated by
the infected hepatocyte.

HCV core is a structural protein, binding viral RNA and forming the nucleocapsid [2]. The
core protein represents the first protein in the polyprotein, followed by two glycoproteins, E1
and E2. The immature form of HCV core contains 191 amino acids, and has been separated
into three general domains [3]. Domain I (aa 1 – 117) is highly basic and hydrophilic, and
thought to be responsible for binding RNA and mediating capsid assembly. Domain II
(aa118-171) is hydrophobic and mediates interactions with lipids and membrane proteins.
Domain III (aa 172 - 191) is at the extreme C-terminus of the immature core protein, and
corresponds to the signal sequence (SS) for E1.

After core is translated, the nascent polyprotein is targeted to the ER translocation channel by
the E1 SS. A host enzyme located in the ER, signal peptidase, cleaves just proximal to the E1
SS, releasing the immature form of core from the polypeptide [4,5]. A different endoplasmic
reticulum (ER) enzyme, signal peptide peptidase (SPP), then cleaves just before the E1 SS
liberating the mature form of HCV core at the cytoplasmic face of the ER [3,6]. After cleavage,
core can undergo a number of possible fates, including assembly into virions[7], targeting to
other organelles, and interaction with host proteins resulting in modulation of various cellular
processes[8].

Core is a major player in HCV assembly at lipid droplets[9,10], and also perturbs many
signaling pathways [2]. Moreover, core quasispecies differ between early and advanced liver
disease and liver tumor and non-tumor tissue [11-16], suggesting that core quasispecies display
varied functions, which can be observed when isolates are expressed in cultured cells [2,17].
In the current report, we hypothesized that core quasispecies isolated from patients with acute
infection would have distinct phenotypes when expressed in cultured hepatocytes.

MATERIALS AND METHODS
Patients

Thirteen patients were analyzed in the current study. Of these 13 patients, we performed
temporal analysis on 2 or 3 timepoints in 4 patients. Patients with acute HCV were recruited
from sites including academic medical centers (Seattle, Portland), blood banks (Seattle) and
an IDU research site (Seattle). This study was approved by the Institutional Review Boards for
all participating institutions. Informed consent was obtained from all participants. Two
methods were used to identify patients with acute HCV: (1) a positive HCV antibody or HCV
RNA PCR assay in a participant with a documented negative anti-HCV test within the past
year; (2) a positive anti-HCV assay in a participant with clinical hepatitis, detectable serum
HCV RNA, serum ALT > 10 times the upper limit of normal, and negative tests for hepatitis
B surface antigen and hepatitis A IgM antibody, as described recently [18]. Diagnoses of
symptomatic acute hepatitis C were made after patients sought medical attention for symptoms
including nausea, anorexia, abdominal pain, malaise, fever, and jaundice. Serum samples
analyzed in this study represented the first HCV RNA positive timepoint where the HCV core
gene could be amplified.

Core Amplification and Cloning
RNA was extracted from patient serum as described [19]. Core was amplified from viral RNA
by RT-PCR using various primers (available on request), and using primers sets previously
described [20]. Core was initially cloned into pENTR/D-TOPO plasmid (Gateway system,
Invitrogen, Carlsbad, CA). Core genes were then recombined into pcDNA3.1/nV5 DEST
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vector according to manufacturer’s specifications. All clones were verified by sequencing.
Sequences were submitted to Genbank under accession numbers FJ911699 to FJ911736.

Core genes were also subcloned from pDEST as non-tagged core proteins. For this, we used
PCR followed by restriction enzyme digestion to move core genes into pcDNA3.1. Domain 2
of core genes 6-8-2, 4-7-1, and 3-9-5 was also cloned as a EGFP fusion protein using primers
tagged with BglII and KpnI and ligated into similarly digested pEGFP-C1 (Clontech).

Phylogenetic Analysis
Core genes were analyzed by Neighbor Joining method and standard bootstrap analysis (with
1000 replicates) with reference gentoype 1a and 1b strains (accession numbers M62321 and
AF333324.1, respectively) using MacVector 10.2 software. Core sequences were also
compared to a FASTA alignment of 2000+ sequences downloaded from the European HCV
database (EuHCVdb®) at http://euhcvdb.ibcp.fr/euHCVdb/.

Core Expression and Functional Analyses
Endotoxin free core plasmids were purified and transfected with control plasmids into Huh7
cells as described [21-23]. Twenty-four to 48 hours later, cells were subjected to additional
manipulations or treatments and protein lysates, western blots, and luciferase reporter gene
assays were performed as described [24].

For immunofluorescent detection of core, Huh7 cells were plated on chamber slides,
transfected with core plasmids, and fixed in 4% paraformaldehyde at 48 hours after
transfection. Fixed cells were blocked and incubated 2 hours with primary antibodies followed
by Alexa Fluor 488 or 568 labeled secondary antibodies for 1 hour. Lipid droplets were detected
by staining cells with BODIPY 493/503 dye (D3922; Invitrogen) during the final wash. Lipid
droplets were also detected by staining for ADRP, a lipid droplet associated protein, as
described [25]. Images were recorded using a laser scanning confocal microscope (Bio-Rad
LS2000).

For detection of core secretion, Huh7 cells were transfected with core genes or control plasmids.
As a positive control for core secretion, cells were infected with JFH-1 at an m.o.i. of 0.01.
Culture supernatants were harvested and core protein was detected by ELISA (Ortho-HCV
antigen, Ortho-Clinical Diagnostics).

Fluorescence Recovery After Photobleaching (FRAP) Analysis
Huh7 cells were seeded onto glass bottom microwell dishes and transfected with plasmids
expressing the GFP-tagged proteins. FRAP analysis and image recording were conducted
12-14 hours after transfection with a LSM510 META inverted confocal microscope (Zeiss).

Prior to photobleaching, cell media was replaced with prewarmed (to 37°C) DMEM lacking
phenol red and supplemented with 2% fetal calf serum. For photobleaching, selected regions
of cells were bleached at 100% laser power (488nm laser line) for approximatey 1 second.
Images were taken at 1 second intervals using 2% laser power. The intensity of fluorescence
for each cell was expressed as a percentage of the pre-bleach level and plotted against time.
FRAP data were generated from 6-8 cells for each GFP-tagged protein and the average values
for fluorescence intensity at each time point were calculated.
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RESULTS
Patients with Acute HCV Infection

The characteristics of the 13 patients are shown in Table 1. Six patients were male, seven
patients were female, and patients had viral loads ranging from 45,000-6.5 million copies/ml.
All patients were infected with HCV genotype 1, 10 patients with HCV-1a and 3 with HCV-1b.
Of the 13 patients, all but 1 progressed to chronic HCV infection.

Core Isolates Are Conserved in Acute Infection
Phylogenetic analysis of core nucleotide sequences aligned relative to HCV-1 is shown in
Figure 1A. Two patients were infected with identical sequences (Figure 1; clone 16-5-1 from
patient HS115 and clones 27-9-5 and 28-6-1 from patient TN101). In four patients (HS111,
TN104, PD106, and TN101), we analyzed clones from 2 or 3 time points during a 12 month
period. Clones 27-9-5 and 28-6-1 from patient TN101 isolated 2 months apart occupied
different branches of the nucleotide tree (Figure 1A), but had identical amino acid sequences
(Figure 1B,C). Clones 4-7-1 and 21-4-3 from patient HS111 isolated 2 months apart, were also
genetically distinct at the nucleotide level, but at the protein level, were highly related, except
for the acquisition of a T110S amino acid change at 2 months. Clones 15-3-2 and 29-10-1 from
patient TN104 were highly related at both the nucleotide and amino acid levels (Figure 1A,B).
Clones 6-8-2, 30-4-4, and 24-10-1 were isolated from patient PD106 at months 0, 2, and 12 of
acute infection. 6-8-2 was more closely related to 24-10-1, and both clones were slightly distinct
from 30-4-4, because of the acquisition of the G45S change in clone 30-4-4 at month 2.
Moreover, sequencing of 3-8 clones per sample in select patients revealed that HCV core
nucleotide and amino acid sequences were homogeneous during acute infection (Figure 1 and
data not shown). Thus, there was little genetic variation in the HCV core gene during acute
infection within a patient, and in 2 of 4 patients studied, core quasispecies did not change over
time.

Unique Spectrum of Genetic Variation During Acute Infection
Table 1 and Figure 1C summarizes the genetic variation in the core protein. Relative to
HCV-1a, we found 19 mutations among all clones, with 10/19 representing non-conservative
amino acid changes, defined as changes in amino acid polarity. Of the ten non-conservative
mutations, seven mutations mapped to the domain 1 in the amino terminus of the protein (G45S,
R49T, D68A, R70Q, T75A, C91R, T110N).

An A147V amino acid change in the D2 domain of core in JFH1 affects the binding strength
of D2 to lipid droplets significantly increasing virus production [26]. Interestingly, patients 1,
15, 19, and 29 contained this substitution, but they did not appear to have higher viral loads
compared with other patients. We also observed several changes in Domain 3 of core in the
signal peptide (V187I, A189V, A191L, S190R, A191P).

The vast majority of published core sequences are derived from chronically infected patients.
Table 2 compares the genetic variation in core identified in the current study with 2757
published core sequences. Amino acid changes are relative to the prototype genotype 1a strain,
accession number M62321. Changes C91R and S190R were not found in any published
sequences. Changes G45S, G161S, and A191P were found in published core sequences, but
at low frequency (0.07 to 0.98%). Of the 11 amino acid changes found in acutely infected
patients, 7 were found in chronically infected patients less than 5% of the time. Amino acid
changes T75A, T110N, F130L and P49T detected in our acutely infected cohort were found
more frequently in isolates from chronically infected patients. The data suggest that the
spectrum of genetic variation in core quasispecies during acute infection is different from
chronic infection.
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Acute HCV Core Isolates Associate With Lipid Droplets
Nontagged and V5-Tagged Core isolates were readily expressed in Huh7 cells (Figure 2A and
data not shown). Since core has been shown to associate with lipid droplets [27], the site of
HCV assembly [10], we examined the ability of core isolates to associate with the organelles.
Figure 2B demonstrates that the core isolates associated with lipid droplets, which were stained
with BODIPY 493/503 dye, as evidenced by orange staining consistent with colocalization.
Figure 2C provides higher magnification images of the colocalization of core with the lipid
droplets. In fact, the concentric dye staining pattern was consistent with core surrounding lipid
droplets [10]. Moreover, core isolates consistently co-localized with the lipid droplet-
associated protein, ADRP (Figure 2D).

Core Diffusion and Secretion In Huh7 Cells
In a recent report [26], members of our team established that domain 2 (D2) of core is mobile
on lipid droplets. The extent of mobility can be determined by measuring the recovery of
fluorescence following photobleaching of selected regions in live cells that express D2 domains
linked to GFP [26]. Sequences encoding the genotype 1 D2 domains of 3-9-5 (wt), 6-8-2
(G161S) and 4-7-1 (F130L) were cloned downstream of GFP. The constructs were transfected
into Huh-7 cells and FRAP analysis was conducted in live cells. For comparative purposes,
we also performed FRAP analysis with GFP chimeras containing the wt D2 domain of genotype
2a JFH1 and a G161S mutant that was equivalent to 6-8-2.

All of the GFP fusion proteins for the wt and mutant forms of D2 were directed to lipid droplets
(data not shown). As observed for other HCV strains [26], the D2 domain of 3-9-5 was mobile
and fluorescence recovery to about 90% of pre-bleach levels was achieved by 40 seconds after
bleaching (Figure 3A). Both G161S and F130L mutants gave similar patterns as the wt D2
sequence although there was a slight reduction (5%) in the extent of fluorescence recovery
(Figure 3A). Similarly, fluorescence recovery for the D2 domain of JFH1 reached 85% by 40
seconds and mutation of glycine to serine at position 161 lowered fluorescence recovery by
about 5% (Figure 3B). The data are consistent with our observation that introduction of 161S
has no significant effect on the amount of infectious virus produced by JFH1 in cell culture
(McLauchlan et al. unpublished data).

Since core has been shown to be secreted from cells [28,29], we examined the core isolates for
secretion into culture supernatants following transient transfection into Huh7 cells. Core was
measured by ELISA. Figure 3C shows that all core isolates were efficiently secreted from cells
by 72 hours post-transfection. However, core protein secretion from the individual clones was
significantly lower than when cells were infected with JFH-1, where core secretion was
detected as early as 24 hours and increased over time. The data are consistent with the
involvement of other HCV proteins, such as NS5A, in lipid targeting and virus assembly [10,
30].

Core Isolates Disrupt Antiviral and Inflammatory Signaling
The 10 core genes that had amino acid differences were examined for modulation of NF-κB
and ISRE signaling pathways since they represent key lines of inflammatory and antiviral
defenses. The 10 core genes blocked TNF-α induced activation of the NF-κB transcription, as
assessed by measuring transcription from the pRDII region of the IFN-B promoter (data not
shown). To determine the specificity of the NF-κB blockade, the 4 core genes showing the
greatest suppression of NF-κB transcription (3-9-5, 5-4-1, 6-8-2, and 12-2-1) were retested for
inhibition of NF-κB transcription along side 3 different NS5A constructs, the NS3-4a gene,
and the Stat-3 protein (Figure 4A). Only the core genes suppressed TNF-α induction of NF-
κB transcription, suggesting that the effect is specific to the HCV core protein. Furthermore,
the 10 core genes also blocked IFN-α induced signaling to the ISRE (Figure 4B). Thus, HCV
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core protein isolates from patients with acute hepatitis C appear to block innate antiviral and
inflammatory signal transduction. When the core genes were expressed as V5-tagged proteins,
similar inhibition of ISRE, NF-κB, and CXCL-8 (an NF-κB responsive gene) signaling were
observed (data not shown). We further examined TNF-α induced nuclear translocation of NF-
κB by immunofluorescence. Expression of core isolates 3-9-5, 6-8-2, and 4-7-1 was associated
with reduced nuclear translocation of NF-κB following TNF-α treatment (Figure 5). Similar
results were observed for the other core isolates, and we did not observe any significant
difference in the behavior of isolates with different mutations (data not shown). Thus, the core
isolates, despite small degrees of genetic variation, exhibited similar effects on innate antiviral
and inflammatory signaling pathways.

DISCUSSION
In the current study, we found that core genes were relatively conserved among different
patients with acute HCV infection, and that all clones analyzed from a single patient at a single
timepoint were identical at the nucleotide and amino acid level. This homogeneity could reflect
a genetic bottleneck [31] or selection of the most-fit viruses during transmission. Analysis of
a higher number of clones from infected individuals may reveal minor quasispecies for the
core coding region that have not been identified in our study. Indeed, a previous study that
analyzed a larger number of clones revealed genetic variability in the HCV genome during
acute infection [32].

Our results indicate that despite the presence of relatively rare mutations in the core protein
during acute infection, essential functions of core, such as immune-perturbing activities and
targeting to lipid droplets, were generally the same for all isolates. Whether immune perturbing
functions of core are critical for establishing chronic infection is currently unknown as all but
one of our patients progressed to chronic infection. Nonetheless, mutations at amino acid 91
of core have been associated with liver cancer and virological non-responsiveness to IFN
therapy[33,34].

We found that expression of isolates of core from acute infection inhibited TNF-α induced
nuclear translocation of NF-κB and NF-κB dependent transcription. This finding is in
agreement with a previous study[35], but at odds with other studies which found core activates
NF-κB [36-45]. Similarly, core has been reported to have opposing effects on the TNF-α system
[46]. The differences may relate to different cell line and expression systems or the different
core sequences used.

The extent of mobility of the lipid targeting domain 2 (D2) of the HCV core protein is likely
governed by the strength of binding of D2 to the surface of lipid droplets [26]. From our FRAP
analysis, substitutions at positions 130 (leucine replacing phenylalanine) and 161 (serine
replacing glycine), both of which represent relatively conservative changes, did not
dramatically affect mobility. These residues in D2 are located in amphipathic helices (position
130 in Helix I and position 161 in Helix II). However, mutations that affect the amphipathic
nature of the helices, and hence their interaction with lipid on the surface of lipid droplets, have
a more pronounced influence on mobility, reduce virus production, and can considerably
decrease the stability of core [47] (McLauchlan et al. unpublished). Indeed, alteration of
phenylalanine at position 130 to glutamic acid induces proteasomal degradation of core and
abrogates production of infectious virus [9]. Therefore, the nature of the interaction of D2 with
lipid droplets plays an important role in the process of assembly and release of virions. The
possible exception is the A147V mutation found in 4 patients, which has been shown to enhance
virus release in the JFH-1 system [26]. Moreover, we showed that all core proteins were
efficiently secreted from Huh7 cells, but the kinetics were significantly delayed in comparison
to low m.o.i. infection with JFH-1. It is possible that the kinetics of core secretion change in
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the presence of other HCV proteins or in the context of virus replication. Indeed, NS5A is
known to target to lipid droplets, where it interacts with core to facilitate virus assembly [10,
30].

With regard to the effect of the amino acid changes in core on virus replication and assembly,
as discussed above, the G161S change in Domain 2 does not affect virus production in JFH1.
With regard to the F130L substitution, while changing this residue to a glutamate abolishes
virus production, a phenylalanine to leucine change would be predicted to be conservative and
therefore unlikely to significantly affect virus production. It certainly had very little impact in
the FRAP analysis and the ability of the domain to target droplets. As far as the changes in the
signal peptide are concerned (Domain 3), we predict that the V187I change would have little
impact. Previous studies with JFH1 indicate that changing the adjacent residue from threonine
to leucine (T186L refererred to as mut3 in [7] had barely any effect on virus production.
Moreover, Murray et al [48]made 3 alanine scanning mutations in the signal peptide (mutants
181-184, 185-188 and 189-191). All 3 mutants were viable and had little impact on virus
production using the J6/JFH1 chimera. Thus, a single valine to isoleucine mutation at position
187 is unlikely to have any effect. Indeed, the Murray paper illustrates how difficult it can be
to introduce mutations into the signal peptide and influence assembly because of the reported
degeneracy in the cleavage site for SPP [7]. For the changes in Domain 1, it is also difficult to
predict any outcome on virus production. While the Murray paper [48] introduced a set of 4
consecutive alanines into sequences across core and found that Domain 1 was sensitive to such
alterations, these engineered sequences are not like a natural sequences. Indeed, in the case of
the core sequences isolated from acutely infected patients, the changes were maximally at 4
amino acids scattered throughout domain 1. Some of the changes are rather conservative
(arginine to lysine at positions 9 and 43; glycine to serine at position 45; arginine to histidine
at position 101; threonine to serine at position 110) and therefore unlikely to be deleterious to
virus production. Furthermore, an aspartate at position 68 (an alanine in most sequences) and
alanine at position 75 (a threonine in most sequences) are found in both JFH1 and HC-J6
sequences and the core proteins from these strains produce virus in tissue culture. Moreover,
the variable residue at position 91 (cysteine, methionine and arginine) is a leucine in JFH1 and
HC-J6. Thus, most of the changes are very unlikely to have any significant on virus production.

In summary, core quasispecies tended to be conserved during acute HCV infection, both within
a patient and over time. Despite demonstrable amino acid changes, core proteins had similar
immune perturbing and lipid targeting functions. Acute core isolates had unique amino acid
changes compared to core isolates from chronic infection.
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Figure 1. Phylogenetic analysis of HCV core quasispecies
Core genes were analyzed by Neighbor Joining method and standard bootstrap analysis (with
1000 replicates) with reference gentoype 1a and 1b strains (accession numbers M62321 and
AF333324.1, respectively) using MacVector 10.2 software. A, nucleotide alignments. B,
amino acid alignments. C, Alignment of HCV core proteins isolated from acute infection.
Clustal alignments were performed with MacVector.

Tang et al. Page 11

J Infect Dis. Author manuscript; available in PMC 2011 March 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Expression and lipid targeting of HCV core isolates
A, Huh7 cells were transfected with 1.0μg of each core plasmid and cytoplasmic protein lysates
were harvested 24 hours later. Core protein was detected by western blotting. B, Confocal
microscopy of core associated with lipid droplets. Core plasmids were transected into Huh7
cells and 48 hours later, cells were fixed and core protein detected with a core monoclonal
antibody, followed by AlexaFluor568 conjugated anti-mouse antibody. Lipid droplet specific
BODIPY 493/503 dye was added during the final wash. C, higher magnification images show
core colocalization with lipid droplets. D, Colocalization of core with ADRP at the surface of
lipid droplets. Huh-7 cells were transfected with plasmids for 2 days and then fixed with
methanol at −20°C. Cells were probed with core (R308) and anti-ADRP antibodies. Images
were recorded by confocal microscopy and are shown for core expressed by the following
constructs: panels i-iii, 3-9-5; panels iv-vi, 4-7-1; panels vii-ix, 6-8-2; panels x-xii, 12-2-1. The
scale bar in panel i represents 10μm.
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Figure 3. Core diffusion and secretion in Huh7 cells
A, B, FRAP analysis of GFP chimeras linked to wild type (wt) and mutant D2 domains. Huh-7
cells were transfected with plasmids for 12-14 hours prior to photobleaching. FRAP analysis
was conducted in live cells at 37°C. A, fluorescence recovery curves for wt (black line), G161S
(red line) and F130L (blue line) genotype 1 D2 domains. B, fluorescence recovery curves for
wt (black line) and G161S (red line) D2 domains for JFH1 (genotype 2a). Data were obtained
from 6-8 cells for each construct. C, Core isolates are efficiently secreted from liver cell
cultures. Core plasmids were transfected into Huh7 cells. As controls, cells were separately
transfected with vector (pcDNA3.1), pcDNA3.1-NS3-4a, or infected with JFH-1 at an m.o.i.
of 0.01. Supernatants were harvested at the indicated times and core detected by ELISA.
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Figure 4. Core perturbs innate inflammatory and antiviral signal transduction
One-hundred nanograms of core genes were co-transfected with luciferase reporter genes under
control of NF-κB (panel A), or ISRE (panel B) promoters. Twenty-four hours post-transfection,
cells were treated with 10ng/ml TNF-α or 100u/ml of IFN-α (Roferon) for 4 hours before
luciferase activity was measured by Britelite assay. Error bars represent standard deviations of
quadruplicate transfections.
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Figure 5. Core expression perturbs TNF-α induced nuclear translocation of NF-κB
Huh7 cells were transfected with core genes and 24 hours later, were treated with 10ng/ml
TNF-α for 20 minutes. Cells were fixed in 4%paraformaldehyde and core and the p65 subunit
of NF-κB detected with mouse and rabbit antibodies, respectively, followed by AlexaFlour568-
anti-mouse and AlexaFluor488-anti-rabbit antibodies. Images were captured on a Biorad
confocal microscope. Arrows indicate reduced nuclear staining of NF-κB p65.
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TABLE 2
Frequency of genetic changes in acute core isolates relative to chronic isolates

Calculations are based on comparison to 2757 core sequences from the European HCV Database. Amino acid
change in core reflect changes compared to prototype genotype 1a core sequences (Genbank Accession number
M62321).

Amino Acid Change
in Acute HCV

Number of Amino Acid Changes
in Chronic HCV Isolates

Frequency of Amino Acid
Change in Chronic HCV

P49T 184 6.67

G45S 2 0.07

D68A 96 3.48

R70Q 122 4.43

T75A 886 32.14

C91R 0 0.00

T110N 404 14.65

F130L 226 8.20

G161S 27 0.98

S190R 0 0.00

A191P 2 0.07

AVG 6.43
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