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Abstract. Hepatitis C virus (HCV) is an important causative 
agent of acute and chronic hepatitis worldwide. We prepared 
a fusion protein in the vector of pET-11d that included three 
conserved broadly neutralizing B-cell epitopes and a series of 
T-cell epitopes located in the HCV NS3 region. In vivo admin-
istration of this fusion construct resulted in specific CD8+ 
cytotoxic lymphocytes in both PBMCs and splenocytes that 
could recognize specific antigen sites that could be detected 
by FACS. An HCVcc system was established and applied to 
detect HCV-specific neutralizing antibodies. These results 
suggest that the multi-epitope fusion protein is immunogenic 
and can elicit both humoral and cellular immune responses. 
In particular, this fusion protein is able to elicit HCV-specific 
neutralizing antibodies, which are critical for viral clearance. 
This construct may be significant for vaccine development and 
could be a potential candidate to be included in the design of a 
prophylactic and therapeutic vaccine against HCV.

Introduction

Hepatitis C is an infectious disease that seriously threatens 
public health. The clinical symptoms of an acute infection 
with hepatitis C virus (HCV) include fatigue, myalgia, nausea 
and vomiting. Other features of this infection are jaundice 
and a yellowish tone to the skin (1). Hepatitis C virus is the 
pathogen that causes this disease. This virus belongs to the 
Hepacivirus genus of the Flaviviridae virus family (2), and 
its genome consists of a single-stranded positive-sense RNA 
of ~9600 nucleotides containing a single open reading frame. 
This open reading frame encodes a precursor poly-protein of 
3011 amino acids that is cleaved by viral proteases or host cell 
peptidases in subsequent co- and post-translational processes 

to yield at least 10 mature structural and non-structural 
proteins, including core protein C, envelope proteins E1 and 
E2, p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B (3).

The hepatitis C virus is transmitted mainly via the blood 
(4). According to the WHO's statistics, there are more than 
170 million chronic HCV carriers and 3-4 million HCV new 
cases are reported every year (5). It is estimated that there 
are ~40 million HCV carriers and an HCV prevalence up to 
3.2% in China (6). Moreover, a large portion of the acutely 
HCV-infected individuals will become chronically infected, 
and ~20% of the chronically infected will develop cirrhosis 
within a 10-30 year period (7). These patients have an elevated 
risk of developing hepatocellular carcinoma (8). Histological 
analysis of liver biopsies is an important tool to diagnose and 
follow chronic liver disease and the progression of fibrosis and 
cirrhosis (9). There are many reasons for the viral immune 
escape and persistent infection (10). One of the main factors is 
that the viral genome shows considerable genetic heterogeneity 
as the virus has a high mutation rate of 1.9x10-3 nucleotides per 
gene site every year (11). Due to host immune pressure and the 
drug selection pressure, viral mutations occur and new HCV 
quasispecies appear. As a result, the immune systems of some 
infected individuals cannot clear the virus efficiently. Antiviral 
treatment of HCV is now successful in about half of cases, but 
it is expensive, requires long-term treatment, and is associated 
with serious side effects (12). There is no vaccine currently 
available for the prevention of HCV infection (13). Therefore, 
developing an effective HCV vaccine to prevent HCV infec-
tion is a very urgent problem all over the world. However, until 
recently, HCV has not been able to be propagated efficiently in 
cell culture (14). This obstacle means that the use of inactivated 
or live, attenuated viral vaccines has not been feasible. Vaccine 
approaches against this virus have therefore included the use 
of recombinant polypeptide subunits of the virus along with 
adjuvant in attempts to prime viral neutralizing antibodies to 
the envelope glycoproteins 1 and 2 (gpE1 and gpE2), as well 
as priming MHC class-II-restricted CD4+ T helper (Th) and 
MHC class-I-restricted CD8+ cytotoxic lymphocyte (CTL) 
responses to these and other viral proteins (15).

An effective HCV vaccine would play a key role in the 
prevention of HCV infection (16). Recent studies have made 
great progress in developing many HCV vaccine candidates. 
These studies involved the use of recombinant HCV envelope 
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glycoproteins gpE1 and gpE2 as vaccine antigens (17). The 
high yield of these vaccine antigens is very important for the 
evaluation of immune responses in vitro. However, the hyper-
variability of the HCV genome and the weakness of the humoral 
immune responses elicited by HCV subunit peptides have 
hindered the generation of HCV vaccines (18). To overcome 
these obstacles, we chose to generate a novel fusion protein 
vaccine including the conserved 780 bp HCV NS3 fragment, 
which contains a series of T-cell epitopes. Our fusion protein 
also included three broadly neutralizing B-cell epitopes that 
have been shown to improve the activities of HCV-specific 
B cells and to elicit HCV neutralization antibodies in many 
studies. We hoped that this novel vaccine construct would have 
strong immunogenicity and be able to neutralize many HCV 
strains of different genotypes. Moreover, our use of micro-
neutralization tests and CTL cytotoxicity assays provided 
effective measures of the humoral and cellular immune 
responses generated by this HCV multi-epitope fusion protein.

Materials and methods

Plasmids and bacterial strains. The pET-11d-HCV-NS3 
plasmid encoding a portion of the NS3 coding sequences 
of HCV (subtype 1b) was preserved in our laboratory. The 
vector pBluescript II SK encoding the HCV multi-epitope 
coding sequences (aa 192-202 YEVRNVSGVYH; 313-327 
ITGHRMAWDMMMNWS; 702-710 PALSTGLIH) was 
provided by the Biomed Gene Company, Beijing. The E. coli 
strain BL21 (DE3) was used as a cloning and expression strain.

Expression and purification of HCV multi-epitope fusion 
proteins. After induction of protein expression in BL21 (DE3) 
host cells, 1.8 liters of cell culture were centrifuged (8,000 x g 
for 10 min) and the pellets were resuspended in 50 ml of lysis 
buffer (10 mM Tris-HCl, 0.5% Triton X-100, pH 8.0). The 
cell lysates were then clarified by centrifugation (8,000 x g 
for 10 min). The supernatants were discarded and the pellets 
were dissolved in 8 M urea. The supernatant was purified by 
DEAE negative ion exchange chromatography and His-tag 
affinity chromatography. The fusion protein was renatured 
after removal of urea by dialysis and then stored at -20˚C.

SDS-PAGE and Western blot analysis. For SDS gel electro-
phoresis, 10 µl of sample were mixed with an equal volume 
of sample buffer (63 mM Tris-HCl, 2% SDS, 5% 2-mercapto-
ethanol, 10% glycerol and 0.002% bromophenol blue, pH 6.8) 
and boiled for 3 min. The proteins (5-50 µg protein/lane) were 
submitted to 15% SDS-PAGE and stained with Coomassie 
Brilliant Blue R-250.

For immunoblotting, the proteins were electrophoreti-
cally transferred from the gel to a polyvinylidene difluoride 
(PVDF) membrane at 400 mA for 40 min. The membrane was 
blocked overnight with 5% non-fat milk in PBS containing 
0.05% Tween-20 (PBST) at 4˚C. After washing with PBST, the 
blot was incubated at room temperature for 1 h with primary 
antibodies at a 1:1,500 dilution. After extensive washing with 
PBST, the blot was incubated for 1 h with horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit IgG (1:5,000). The 
blot was developed with 0.2 mM DAB (3,3'-diaminobenzidine 
tetrahydrochloride).

Culturing, transfection and infection of Huh7.5 cells. The culture 
of Huh7.5 cells was performed as previously described. One 
day before transfection or infection, Huh7.5 cells were plated 
at 3x105 per well in 6-well plates. In vitro transcription of RNA 
for transfection was carried out on 5 µg of plasmid linearized 
with the XbaI restriction enzyme using T7 RNA polymerase 
(Promega) for 2 h. For transfection, 2.5 µg of unpurified RNA 
transcripts were incubated with 5 µl of Lipofectamine 2000 
(Invitrogen) in 500 µl of Opti-MEM (Invitrogen) for 20 min 
at room temperature. RNA-Lipofectamine 2000 transfection 
complexes were left on cells for 12-24 h before washing. For 
infection, virus-containing supernatant was left on cells for 
4 h followed by continuous cell culture in DMEM for 3 days. 
Supernatants collected during experiments were sterilized, 
filtered and stored at -80˚C.

Animal immunization and preparation of antisera, PBMC and 
splenocytes. Five rabbits were immunized intramuscularly 
with the fusion protein emulsified in complete Freud's adjuvant 
(Sigma) at doses of 10, 20, 50, 100 or 200 µg. A sixth rabbit 
received PBS as a negative control. Each animal received a 
second and third immunization at one-week intervals with 
the same quantity of antigen emulsified in incomplete Freud's 
adjuvant (Sigma). Blood was collected from the carotid artery 
at 7, 14 and 28 days after primary immunization and serum 
was prepared using standard procedures.

The immunization procedure of Balb/c mice was the same 
as described above for the rabbits, except that the injection 
doses of the fusion protein were 20 and 100 µg. All mice 
were sacrificed by cervical dislocation. Blood was collected 
into sterile tubes, and PBMCs were prepared by Ficoll-paque 
differential sedimentation and four washes in Dulbecco's phos-
phate buffer. Spleens from the mice were ground on a metal 
mesh to prepare single-cell suspensions in grinding media 
(RPMI-1640 supplemented with 100 ml/l FCS, 1 mmol/l 
sodium pyruvate and 50 µmol/l β-ME). Red blood cells were 
lysed by incubating splenocyte preparations with lysis buffer 
(0.15 mol/l NH4Cl, 10 mmol/l KHCO3, 0.1 mmol/l EDTA, 
pH 7.2-7.4) briefly and then washing with grinding media. The 
cells were resuspended in a small volume of grinding media 
and counted in the presence of trypan blue. Both PBMCs and 
splenocytes were immediately used for further experiments.

The animal protocols used in this study were approved by 
the Institutional Review Board and the Animal Care and Use 
Committee of the 309 Hospital of PLA (Beijing, China).

CTL assay. HCV tetramers were purchased from Xinlilai 
Biotechnology Company (Beijing, China). The resuspended 
PBMCs and splenocytes (4x106 cells/ml) were washed once 
with 0.1% BSA, 0.1% sodium azide in PBS and incubated with 
either of two HLA-A2 restricted HCV-specific tetramers (NS3-
1287-1296 TGAPVTYSTY; NS3-1406-1415 KLVALGINAV) 
for 20 min at 37˚C. One microliter of antibody (anti-CD8-
FITC) was added for 10 min at RT. After two washing steps, 
cells were analyzed by flow cytometry (FACSCalibur). One 
hundred thousand cells were collected for each analysis.

Anti-HCV antibody analysis. An enzyme-linked immuno-
sorbent assay (ELISA) was used to determine the presence of 
antibodies against the HCV multi-epitope antigens in serum 
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samples. The fusion protein was used to coat 96-well plates 
at a concentration of 1 µg/ml and was incubated overnight 
at 4˚C. After the plates were washed with PBS plus 0.5 g/l 
Tween-20 (PBS-T) and blocked in blocking buffer (50 g/l fat-
free milk powder in PBS-T), 2-fold serial dilutions of serum 
samples in blocking buffer were added and incubated for 
2 h at 37˚C. After three wash steps with PBS-T, horseradish 
peroxidase (HRP)-conjugated goat-anti-rabbit IgG (1,000-
fold dilution in blocking buffer) was added and incubated 
for 1 h at 37˚C. The plate was then developed with substrate 
buffer (50 mmol/l Na2HPO4, 25 mmol/l citric acid, 75 µg/ml 
3,3',5,5'-tetramethyl benzidine, 0.15 ml/l H2O2). After 30 min 
of incubation at room temperature, the reaction was stopped 
by adding 0.5 mol/l H2SO4, and the absorbance was measured 
at 490 nm on a microplate reader. Antibody titers were calcu-
lated as the highest dilution that gave a positive reading. The 
cutoff value was 2.1-fold above the negative control. All tests 
were performed in duplicate.

Neutralization assay. To test neutralization capacity, serial 
dilutions of sera samples from the rabbits, in parallel with an 
NC, was mixed with the HCVcc before addition to the cells. 
After incubation at 37˚C for 2 h, the supernatants containing 
the HCVcc/antibody mixture were removed by washing with 
PBS, and then, complete DMEM was added to each well. 

The cells were continuously cultured in DMEM for 3 days, 
followed by cold methanol fixation and primary antibody 
staining. A FITC-conjugated secondary antibody was added 
after washing with PBS. Positive cells were visualized under 
a fluorescence microscope. The neutralization titer was 
expressed as the reciprocal of highest sera dilution, giving 
positive neutralization results.

Results

Recombinant plasmid construction. As shown in Fig.1 the 
recombinant plasmid was successfully constructed and two 
bands were visualized upon digestion with NcoI and XhoI 
(Fig. 1).

SDS-PAGE and Western blot analysis. SDS-PAGE (Fig. 2) 
and Western blot analysis (Fig. 3) of the HCV fusion protein 
demonstrate that the HCV multi-epitope fusion protein was 
expressed and purified successfully.

HCV full-length RNA preparation. A denaturing gel showing 
the HCV full-length is shown in Fig. 4.

Culture, transfection and infection of Huh7.5 cells. 
Immunofluorescence of Huh7.5 cells 12 and 24 h after full-length 
HCV RNA transfection is shown in Fig. 5. Positive staining 

Figure 3. Western blot analysis of HCV fusion protein. 1, Negative control; 
2, HCV fusion protein.

Figure 4. Full-length HCV RNA (JFH-1 strain). Con(+) stands for RNA band 
transcribed from the template provided by the Promega kit. The expected sizes 
are 1.1 and 2.4 kb.

Figure 1. Digestion pattern of the recombinant plasmid. M, DNA molecular 
weight marker DL2000; 1, recombinant plasmid double digested by NcoI and 
XhoI.

Figure 2. SDS-PAGE analysis of the HCV fusion protein. M, Standard markers 
for protein molecular weight; 1, whole cell lysate of cells induced by IPTG; 2, 
fusion protein after purification by DEAE-negative ion exchange chromatog-
raphy; 3, fusion protein after purification by affinity chromatography.
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confirms the efficiency of transfection. Immunofluorescence 
was detected in Huh7.5 cells 3 days after HCVcc infection 
(Fig. 6).

CTL assay. The percentages of specific CD8+ cytotoxic 
lymphocytes in PBMCs and the spleen are shown in Figs. 7 and 
8, respectively. Cytotoxic T cell responses were much stronger 

in the mice immunized with 100 µg compared with the mice 
immunized with 20 µg of fusion protein. The percentages of 
CD8+ cytotoxic lymphocytes were higher in PBMCs immu-
nized with 20 than with 100 µg of the antigen, when incubated 
with the peptide NS3-1287-1296 (TGAPVTYSTY) (Fig. 7A 
vs. C) or with the peptide NS3-1406-1415 (KLVALGINAV) 
(Fig. 7B vs. D). Similarly, the percentages of CD8+ cytotoxic 
lymphocytes were higher in splenocytes immunized with 20 
than with 100 µg of the antigen, when incubated with either 
peptide (compare Fig. 8 panel A with C and B with D). There 
was little difference when PBMCs or splenocytes were incu-
bated with the two different HCV T cell epitope peptides 
(TGAPVTYSTY and KLVALGINAV).

Anti-HCV antibody analysis. Increasing antibody titers against 
the multi-epitope fusion protein are shown in Fig. 9. Antibody 
titers increased 14 days after the priming immunization and 
seroconversion was observed in all animals except negative 
controls. Antibody titers continued to increase rapidly and one 
animal reached a titer of 1:8192 two weeks after the final boost. 

Neutralization assay. Neutralizing antibody titers are shown 
in Fig. 10. The fusion protein was able to elicit neutralizing 
antibodies that were critical in viral clearance.

Discussion

Currently, there is no prophylactic or therapeutic vaccine 
for HCV, and HCV vaccine development has been difficult 
for multiple reasons (19). There is no small animal model of 
this viral infection, nor is there an in vitro replication system 
available to produce large quantities of virus to study viral 
replication and assay immune responses. Additionally, HCV 
is a highly heterogeneous virus consisting of six genotypes 
and multiple subtypes. The virus exists in chronically infected 

Figure 7. (A) PBMCs from mice immunized with 20 µg antigen were incubated with peptide NS3-1287-1296 (TGAPVTYSTY). (B) PBMCs from mice 
immunized with 20 µg antigen were incubated with peptide NS3-1406-1415 (KLVALGINAV). (C) PBMCs from mice immunized with 100 µg antigen were 
incubated with peptide NS3-1287-1296 (TGAPVTYSTY). (D) PBMCs from mice immunized with 100 µg antigen were incubated with peptide NS3-1406-1415 
(KLVALGINAV). (E) Negative control.

Figure 5. Immunofluorescence of Huh7.5 cells (a) 12 h and (b) 24 h after 
full-length HCV RNA transfection. Immuno fluorescence could be detected in 
Huh7.5 cells 12 and 24 h after full-length HCV RNA transfection.

Figure 6. HCVcc infectivity. Immunofluorescence could be detected in 
Huh7.5 cells 3 days after HCVcc infection.
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individuals as a population of quasispecies with diverse but 
related sequences (20). However, there is evidence supporting 
the feasibility of an HCV vaccine (21). Fifteen to twenty-five 
percent of HCV-infected individuals are able to spontaneously 
clear the virus, which implies a role for the adaptive arm of the 
immune response in clearance of the virus (22). The majority 
of HCV-infected humans are protected from progression to the 
chronic state. These observations encouraged us to develop 
a prophylactic HCV vaccine that would be able to induce 
HCV-specific immune responses similar to those elicited in 
infected individuals and would be able to protect naive indi-
viduals post-infection.

Increasing evidence demonstrates that epitopes located 
within the HCV E1 and E2 proteins are important for HCV 
neutralization (23). In the present study, we designed a fusion 
protein containing multiple epitopes from E1 and E2 to 
generate potential neutralizing antibodies to the virus. This 
protein was expressed in E. coli and purified under denaturing 

conditions using DEAE negative ion exchange chromatography 
and affinity chromatography. SDS-PAGE and Western blotting 
demonstrated that the HCV multi-epitope fusion protein was 
expressed and purified successfully. 

To study the effect of this protein, Balb/c mice and 
rabbits were immunized with the fusion protein at different 
doses. Antibody titers increased 14 days after the priming 
immunization and seroconversion was observed in all 
animals except negative controls. Antibody titers continued 
to increase rapidly and one animal reached a titer of 1:8192 
two weeks after the final boost. The high antibody titers in 
these sera suggested that a prokaryotically expressed HCV 
multi-epitope fusion protein was able to elicit a significant 
humoral immune response in rabbits. The immunogenicity 
of this fusion protein was shown in animal experiments. 
Furthermore, we investigated HCV-specific neutralizing anti-
bodies using a micro-neutralization assay and found that the 
fusion protein was able to elicit neutralizing antibodies that 

Figure 8. (A) Splenocytes from mice immunized with 20 µg antigen were incubated with peptide NS3-1287-1296 (TGAPVTYSTY). (B) Splenocytes from 
mice immunized with 20 µg antigen were incubated with peptide NS3-1406-1415 (KLVALGINAV). (C) Splenocytes from mice immunized with 100 µg 
antigen were incubated with peptide NS3-1287-1296 (TGAPVTYSTY). (D) Splenocytes from mice immunized with 100 µg antigen were incubated with 
peptide NS3-1406-1415 (KLVALGINAV). (E) Negative control.

Figure 9. Antibody titers in rabbits immunized with different doses of 
antigen.

Figure 10. Neutralizing antibody titers of rabbits immunized with different 
doses of antigen.
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were critical in viral clearance, although their titers were not 
high. This evidence allows us to hypothesize that the three 
broadly neutralized B-cell epitopes that we selected played an 
important role during the elicitation of neutralizing antibodies. 
These antibodies are worth further study.

The CTL assay indicated that specific CD8+ cytotoxic 
lymphocytes could be detected in both PBMCs and splenocytes 
of the mice. Cytotoxic T cell responses in the mice immunized 
with 100 µg of fusion protein were much stronger than in the 
mice immunized with 20 µg of fusion protein. There was little 
difference when PBMCs or splenocytes were incubated with 
two different HCV T cell epitope peptides (TGAPVTYSTY 
and KLVALGINAV). We concluded that the fusion protein 
was capable of eliciting strong cellular immune responses, 
particularly in the mice immunized with 100 µg of fusion 
protein. Taken together, the humoral immune responses, viral 
neutralization ability and specific cellular responses suggest 
that this HCV multi-epitope fusion protein is a potential 
candidate for designing a prophylactic and therapeutic vaccine 
against HCV.

Acknowledgements

We thank Dr Wang Yue for plasmid construction and for 
providing the cell line.

References

  1. Zein CO and Zein NN: Advances in therapy for hepatitis C 
infection. Microbes Infect 4: 1237-1246, 2002.

  2. Lauer GM and Walker BD: Hepatitis C virus infection. N Engl J 
Med 345: 41-52, 2001.

  3. Thomas DL, Astemborski J, Rai RM, et al: The natural history of 
hepatitis C virus infection: host, viral, and environmental factors. 
JAMA 284: 450-456, 2000.

  4. Allain JP, Stramer SL, Carneiro-Proietti AB, et al: Transfusion-
transmitted infectious diseases. Biologicals 37: 71-77, 2009.

  5. Shin HR, Oh JK, Masuyer E, et al: Epidemiology of cholangio-
carcinoma: an update focusing on risk factors. Cancer Sci 101: 
579-585, 2010.

  6. Jia L, Yu J, Yang J, et al: HCV antibody response and genotype 
distribution in different areas and races of China. Int J Biol Sci 5: 
421-427, 2009.

  7. Alves de Mattos A and Zambam de Mattos A: Treatment of HCV 
infection in patients with cirrhosis. Ann Hepatol 9 (Suppl 1): 
S80-S83, 2010.

  8. Ueno Y, Sollano JD and Farrell GC: Prevention of hepatocellular 
carcinoma complicating chronic hepatitis C. J Gastroenterol 
Hepatol 24: 531-536, 2009.

  9. Sanyal AJ, Yoon SK and Lencioni R: The etiology of hepato-
cellular carcinoma and consequences for treatment. Oncologist 
15 (Suppl 4): S14-S22, 2010.

10. Bode JG, Brenndorfer ED and Haussinger D: Hepatitis C virus 
(HCV) employs multiple strategies to subvert the host innate 
antiviral response. Biol Chem 389: 1283-1298, 2008.

11. Sarrazin C and Zeuzem S: Resistance to direct antiviral agents in 
patients with hepatitis C virus infection. Gastroenterology 138: 
447-462, 2010.

12. Asselah T, Estrabaud E, Bieche I, et al: Hepatitis C: viral and host 
factors associated with non-response to pegylated interferon plus 
ribavirin. Liver Int 30: 1259-1269, 2010.

13. Houghton M and Abrignani S: Prospects for a vaccine against 
the hepatitis C virus. Nature 436: 961-966, 2005.

14. Gottwein JM and Bukh J: Cutting the gordian knot-development 
and biological relevance of hepatitis C virus cell culture systems. 
Adv Virus Res 71: 51-133, 2008.

15. Houghton M: Prospects for prophylactic and therapeutic vaccines 
against the hepatitis C viruses. Immunol Rev 239: 99-108, 2011.

16. Wintermeyer P and Wands JR: Vaccines to prevent chronic 
hepatitis C virus infection: current experimental and preclinical 
developments. J Gastroenterol 42: 424-432, 2007.

17. Lin Y, Kwon T, Polo J, et al: Induction of broad CD4+ and CD8+ 
T-cell responses and cross-neutralizing antibodies against 
hepatitis C virus by vaccination with Th1-adjuvanted poly-
peptides followed by defective alphaviral particles expressing 
envelope glycoproteins gpE1 and gpE2 and nonstructural 
proteins 3, 4 and 5. J Virol 82: 7492-7503, 2008.

18. Prentoe J, Jensen TB, Meuleman P, et al: Hypervariable region 
1 differentially impacts viability of hepatitis C virus strains of 
genotypes 1 to 6 and impairs virus neutralization. J Virol 85: 
2224-2234, 2011.

19. Stoll-Keller F, Barth H, Fafi-Kremer S, Zeisel MB and 
Baumert TF: Development of hepatitis C virus vaccines: chal-
lenges and progress. Expert Rev Vaccines 8: 333-345, 2009.

20. Pujol FH and Devesa M: Genotypic variability of hepatitis 
viruses associated with chronic infection and the development 
of hepatocellular carcinoma. J Clin Gastroenterol 39: 611-618, 
2005.

21. Houghton M: The long and winding road leading to the identifi-
cation of the hepatitis C virus. J Hepatol 51: 939-948, 2009.

22. Burke KP and Cox AL: Hepatitis C virus evasion of adaptive 
immune responses: a model for viral persistence. Immunol Res 
47: 216-227, 2010.

23. Bartosch B, Bukh J, Meunier JC, et al: In vitro assay for 
neutralizing antibody to hepatitis C virus: evidence for broadly 
conserved neutralization epitopes. Proc Natl Acad Sci USA 100: 
14199-14204, 2003.


