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Disclosures

I’m a basic scientist, I wish I had something to disclose!!
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The Case for HCV Vaccines

1. $$$$$

2. If you cannot find them, you cannot treat them

3. Treatment access in marginalized populations, rural and economically 
constrained settings.

4. Successful treatment will not protect against reinfection

5. A vaccine is the most effective way to prevent a viral infection

“Herd Immunity”
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Modeling effect of HCV vaccines on elimination
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• A partially effective vaccine could reduce the HCV transmission risk among 
individuals who share contaminated needles and syringes. 

Major M et al, Science Transl Med  2018:Vol. 10, Issue 449, eaao4496

• Modeling data from 55 countries: 
• Without a vaccine, the WHO 2030 incidence reduction target was only 

achievable for 25% of countries. With a vaccine, the incidence reduction target 
was achievable for ~75% of countries 

• Total cost of achieving elimination reduced by >US$0.5B for many countries.
Scott N, Drummer H, O7.03, HCV2018 

• The combination of vaccination and DAAs is the lowest cost-expensive intervention 
to reach the WHO 2030 targets. 

Echevarria D et al, Vaccine. 2019 May 1;37(19):2608-2616.
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Is there immunological memory after HCV?

• IDUs with known previous exposure to HCV are less likely to be re-infected
• Mehta et al., Lancet. 2002 Apr 27;359(9316):1478-83
• Grebely J. et al., Hepatology. 2006 Nov;44(5):1139-45

• Higher rates of spontaneous clearance in secondary vs primary infection (80% vs 25%)
• Osburn WO et al., Gastroenterology. 2010 Jan;138(1):315-24.



Clearance of a primary infection attenuates the infection 
kinetics of subsequent infections

Osburn WO et al., Gastroenterology. 2010 Jan;138(1):315-24.



Does spontaneous resolution afford long-term memory and 
protection upon reexposure in high risk humans?

Osburn WO et al., Gastroenterology. 2010 Jan;138(1):315-24

Abdel-Hakeem MS et al., Gastroenterology. 2014 Oct;147(4):870-881.e8.



Protection against Reinfection is associated with increased breadth 
and magnitude of HCV specific responses

Abdel-Hakeem MS et al., Gastroenterology. 2014 Oct;147(4):870-881.e8.
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What cell subset is important for protection from chronic HCV?
Antibody-mediated depletion studies in chimpanzees

• Removing CD8’s, functional CD4’s 
(Shoukry NH et al., J Exp Med. 2003;197:1645-55)

• Prolonged viremia and clearance coincides with recovery of the CD8’s in the liver.
• CD4+ T cells are unable to clear the virus on their own

• Removing CD4’s, functional CD8’s
(Grakoui A et al., Science 2003;302:659-62 )

• Prolonged very low level viremia > 1yr
• Loss of diversity and decreased frequency of HCV-specific CD8’s by Elispot
• Escape mutations in targeted CD8 cytotoxic epitopes



Reinfection is associated with generation of cross-reactive 
neutralizing antibody (nAb)

Osburn WO et al., Gastroenterology. 2010 Jan;138(1):315-24.
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Hepatology

Volume 59, Issue 1, pages 318-327, 20 DEC 2013 DOI: 10.1002/hep.26744

http://onlinelibrary.wiley.com/doi/10.1002/hep.26744/full#hep26744-fig-0001

HCV diversity, a major challenge to vaccine development 

(+ve RNA ~ 10 Kb, 7 genotypes)

http://onlinelibrary.wiley.com/doi/10.1002/hep.v59.1/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/hep.26744/full#hep26744-fig-0001


What should be the goal of a successful vaccine?

18Liang TJ, Nature Med 2013.19:869

Sterilizing Immunity

Prevention of Chronicity
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Current vaccine development strategies

• Targeting several proteins/protective 
epitopes

• Inducing antibodies

• Inducing T cells

• Pangenotypic??

• Recombinant Proteins 

(Antibodies and CD4 T cells)

• Vector based vaccines

• Viral like particles (VLPs)



20Law J et al, PLoS One. 2013;8(3):e59776

Recombinant E1/E2 Vaccine (Genotype 1a) 
(M. Houghton, U. Alberta)



Okarios/GSK vaccine
Chimpanzee Adenovirus (ChAd3) prime - MVA boost 

(NS3-NS5B, genotype 1b)

21Barnes E et al, Sci Transl Med. 2012 Jan 4;4(115):115ra1, Swalding L et al, Sci Transl Med. 2014 Nov 5;6(261):261ra153



Broad, cross reactive T cell response following vaccination in 
healthy volunteers

Swalding L et al, Sci Transl Med. 2014 Nov 5;6(261):261ra153



Staged Phase I/II Hepatitis C Prophylactic Vaccine 
(NCT01436357) (2012 -2016)

• PIs: Andrea Cox, Kim Page

• PWID (Age 18-45) recruited at 3 clinical sites (Johns Hopkins, UCSF, 
UNM)

N=548

Placebo
N=274

Vaccine
N=274

N=14

% with T cell responsesPersistent HCV

N=14

97/125 (77.6%)

4/122 (3.3%)
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Why the vaccine did not work despite high 
immunogenicity in healthy donors?

1. Immune responses in PWID are weaker?

2. Genotype differences? Vaccine is 1b, infections are 1a or other?

3. Lack of a neutralizing antibody responses?

4. Other factors???
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What else is in the pipeline?

1. Recombinant E1/E2 (Abs + CD4 T cells) and modifications thereof (U of Alberta)

2. A combination of a T cell based and an Ab based vaccine?

3. Viral like particles (Australia)

4. New vectors/Modified vectors/Adjuvants?
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GS-05: MHC-II invariant chain adjuvanted chimpanzee adenoviral and MVA 
hepatitis C vaccines elicit unprecedented levels of anti-viral T-cell immune 
responses in humans (Esposito I et al, EASL-2019, Late Breaker)



What are the next steps for research?

1. Understanding protective immunity in PWID

2. Vaccine preparedness

3. Concerted funding efforts (Industry, funding agencies, WHO)

4. Vaccination in DAA cured individuals

5. A live virus challenge???
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Take Home Message

HCV 
Elimination

Harm Reduction

Testing & treatment

Vaccines
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Study Subjects and Blood donors





Gap between Infection, diagnosis and treatment

Cohen J, Science, 2017


