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Executive Summary
The United States National Institutes of Health (NIH) sets research priorities that include 
advancing progress toward the elimination of viral hepatitis. With the launch of the Viral 
Hepatitis National Strategic Plan for the United States: A Roadmap to Elimination 2021-
2025 and only eight years remaining to reach global hepatitis elimination goals set by 
the World Health Organization (WHO), now is the time to bring together research and 
strategies for comprehensive hepatitis prevention, diagnostics, and treatment. 

The seventh installment of the webinar series "Moving from Hepatitis Discovery to 
Elimination: NIH Research Advancing Hepatitis Elimination" was introduced by Anthony 
Fauci, director of the National Institute of Allergy and Infectious Diseases, who welcomed 
distinguished investigators and noted the devastating toll that hepatitis C virus (HCV) 
continues to exact around the world. Globally, 58 million people suffer from chronic HCV 
infection, with 1.5 million new infections annually. In the United States, new infections 
have risen sharply in recent years, fueled by the opioid crisis. Direct-acting antiviral 
medications (DAAs) can cure more than 95 percent of those infected, but access to 
screening programs and to these medications remains inadequate. Even successful 
treatment does not prevent reinfection if an individual is re-exposed. Experts agree that 
an effective vaccine is urgently needed, yet the complexity of HCV continues to slow 
progress. 

Following Fauci’s introduction and a welcome by Coalition for Global Hepatitis Elimination 
director John Ward, eight distinguished panelists and presenters outlined the latest 
research related to HCV vaccine development. In sessions moderated by Rajen Koshy 
(NIAID, NIH), Jake Liang (NIDDK, NIH), Chris Walker (Nationwide Children’s), and 
George Lauer (Harvard), guest speakers discussed clinical trials, new findings in HCV 
immunology, and the emergence of new vaccine platforms, such as mRNA, that might 
be applied to HCV vaccine efforts. Nobel Laureate Michael Houghton concluded the 
presentations with observations on the likelihood of an HCV vaccine being successfully 
developed in the next decade. His answer? Quite likely, though superlative vaccine 
candidates will likely emerge after a first vaccine has the chance to be utilized and 
studied widely. A concluding panel discussion shared next steps and voiced optimism 
about the progress that continues to be made, though challenges remain. 
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Key takeaways:
• BnAbs and T cells both needed: To optimize the probability of success, candidate 

HCV vaccines should elicit both broadly neutralizing antibodies (bnAbs) and T cell 
responses that recognize the diversity of HCV isolates. 

• Standardized measurement of bnAb responses. Development of HCV panels to 
standardize measurement of bnAb breadth in pre-clinical and clinical vaccine trials 
is a significant development for the field. The definition of a broadly neutralizing 
antibody response (i.e. show many HCV strains, genotypes or subtypes are 
neutralized) is likely to remain fluid, given the enormous genetic diversity of HCV and 
different approaches to vaccine development.  

• Find out how T cells help: Regarding T cells, what a protective response looks like 
remains a matter of debate. Scientists would benefit from broadening their analyses, 
possibly using a systems biology approach. 

• Emphasize early phase clinical trials of vaccine candidates. Consider “Phase 0/
Phase 1” trials designed to learn about immune responses in humans and accelerate 
improvements or modifications to vaccine design. These do not require excessive 
regulatory documentation to launch and can be extremely informative even if a 
vaccine candidate does not move forward. 

• Consider a pathway to human challenge studies for HCV.  Assessing the efficacy 
of a single HCV vaccine candidate in humans at risk for infection can take 5-7 years, 
a significant and costly delay for a growing public health problem. Highly effective 
antiviral cures for HCV have raised the possibility of controlled human infections to 
assess vaccine protection.  Controlled human infection models would accelerate 
comparison of multiple vaccine candidates. Even if these tests fail, scientists can 
learn from them and can move forward faster with the next candidate. If researchers 
test quickly, then, if they fail, they fail quickly—learn and move forward. 

• Lessons from the COVID-19 pandemic, part 1: COVID-19 vaccination strategies offer 
possibilities for HCV vaccination. In particular, the mRNA platform used during the 
pandemic could offer a useful alternative to viral vectored vaccines for HCV. But 
mRNA vaccine effectiveness may decay rapidly and must be addressed. In addition, 
influenza vaccines generated through mRNA do not induce CD8+ T cell responses as 
robustly as viral vectored vaccines. 

• Lessons from the COVID-19 pandemic, part 2: In the recent public health crisis, 
leaders found the smartest people they could to think about the problem and then act 
decisively—and they made sure resources weren’t holding this team back. The same 
mindset and urgency should be applied to HCV as a public health crisis today.  

• Who to test? Be thoughtful about bringing vaccine candidates into at-risk 
populations. More discussion is needed about when to introduce candidates to 
healthy versus at-risk groups and what inferences may be drawn about immune 
responses to the vaccine.
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Presentation Highlights
The possibility and urgency of a hepatitis C vaccine 
David Thomas, Johns Hopkins University

A vaccine to prevent persistent HCV infection is both urgently needed and possible:

Urgently needed: The need for an HCV vaccine has been evident since the discovery 
of the virus in 1995. Data from the ALIVE cohort has long demonstrated the enormous 
burden of infection among persons who inject drugs (PWID). While DAAs offer strong cure 
rates, they do not prevent reinfection, and they have not reduced the incidence of HCV in 
the United States. 

Possible: The spontaneous recovery of some individuals infected with HCV suggests 
that a vaccine is possible. Studies have shown that in some HCV viremia successfully 
clears, and for some this spontaneous recovery endures despite re-exposure. In one 
study of 164 people with initial infections, the acquired immunity group (98 people) had 
fewer persistent infections (only 33%), and even those who did become reinfected had 
lower peak viral loads, suggesting that similar immunity is achievable with a vaccine. 
The weakening of protection in those co-infected with HIV also highlights importance of 
naturally acquired immunity. It is also important to note that women were twice as likely 
to clear HCV infection as men in one study; and persons with African ancestry were more 
likely to have persistent infection. More data is needed to understand these differences. 
Increased funding and other human resources are needed to support a successful 
vaccine outcome.

Source: Presentation from Dave Thomas, MD, slide 6
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Source: Presentation from Dave Thomas, MD, slide 11
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Factors that limited vaccine efficacy in the first prophylactic HCV 
vaccine trial
Andrea Cox, Johns Hopkins University

6

The first prophylactic HCV vaccine trial, “Vaccine is Prevention,” (ClinicalTrials.gov 
identifier: NCT01436357) was aimed at assessing the safety, immunogenicity, and the 
ability of an experimental HCV vaccine to prevent chronic HCV infection. Cox and the 
trial team examined responses in 548 participants aged 18-45 with a recent history 
of injection drug use. Participants were randomly assigned to receive either the 
experimental vaccine (one dose followed by a booster 56 days later) or two placebo doses 
at 56 days apart. Fourteen of the 275 participants in the vaccine group and 14 of the 273 
participants in the placebo group became chronically infected with HCV. The candidate 
vaccine did not offer increased protection against chronic HCV infection compared to 
placebo. 

Analysis of immunogenicity data, however, suggested that the vaccine induced a 
suppression of peak HCV RNA levels—and that an upswing in viremia did not occur among 
individuals receiving the vaccine. This result is promising despite the lack of protection 
against chronic HCV infection. In contrast to HIV vaccine trials, it suggests that the T 
cells generated by the HCV candidate vaccine did manage to suppress virus replication, 
indicating a positive immune response. But this immunogenic capacity was lower among 
PWID than among healthy volunteers (with 78% of VIP trial participants experiencing 
some immune response, versus 100% in a healthy volunteer study). 

One key takeaway: immune responses elicited in PWID by vaccination could differ from 
those in healthy individuals not at apparent risk for HCV infection. Ongoing research is 
needed on the immune responses of PWID to vaccination. Nonetheless, the suppression 
of viremia that was evident in this study – even with not particularly robust T cell 
responses – suggests that improving cellular immune responses by vaccination remains 
an important goal.

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Cox-NIAIDHCVElimination.pdf
https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Cox-NIAIDHCVElimination.pdf
https://www.clinicaltrials.gov/ct2/show/results/NCT01436357?view=results


Source: Slide #10- VIP Results: Blunted Peak HCV

Source: Slide #17: VIP Participants did not have higher ChAd3 neutralizing Ab titers
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Protective immunity to HCV during natural reinfection and the 
development of vaccine modalities
Arash Grakoui, Emory University
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Developing successful interventions for HCV requires a clear understanding of how 
infections are resolved: what are the host determinants of HCV infection resolution? 
While T cell responses have already been established as important to recovery from HCV, 
Grakoui’s team is studying the role played by antigen-specific memory B cells (MBCs) 
within HCV infection and resolution. The early appearance of neutralizing antibodies 
during acute HCV infection is associated with spontaneous viral clearance. Early activity 
among circulating T follicular helper cells appears to accelerate the expansion of some 
MBCs during an acute infection phase, a finding that could help explain spontaneous 
clearance of the virus in some patients. 

In related work, the team has followed a cohort of 17 women with chronic HCV infection 
and has found that after childbirth, an exceptional period of viral control can be observed 
among some of these women. Those who have this “elite control” neutralize HCV pseudo-
particles (HCVpp) more efficiently, at least for a certain time. This finding suggests 
that the loss of certain T cells (CD4+ T cells) during HCV infection is reversible following 
pregnancy and associated with at least temporary control of persistent viral replication. 
In vaccine design and development, the best approach could well be the “kitchen sink” 
strategy—so long as that sink is filled with both T cells and B cells.

Source: Slide #15, Evidence that antibodies control HCV infection

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/GrakouiA%20-%20NIH%20HCV%20vaccines%20Webinar_24Mar2022.pdf
https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/GrakouiA%20-%20NIH%20HCV%20vaccines%20Webinar_24Mar2022.pdf
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Source: Slide #26, Antibodies/B cells seem to be important players in resolution of 
RHV infection

Source: Slide #28, The Montreal PWID cohort



Structure-guided comparison of secreted vs membrane- bound forms 
of HCV E1E2 vaccine candidates and delivery considerations
Thomas Fuerst, University of Maryland
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A major challenge to the development of an effective HCV vaccine is the significant 
variability of the virus, a property that can enable immune escape. The trans-membrane 
E1E2 glycoprotein complex has been found to elicit neutralizing antibody responses, thus 
making it an important target for HCV vaccine development. But the membranes needed 
to build this complex are difficult to produce in the type of stable, high-yield form that is 
needed for vaccine delivery. 

To address this challenge, Fuerst and his team designed and validated a soluble, secreted 
form of E1E2 antigen (sE1E2) in which a scaffold replaces the transmembrane domains 
and enforces assembly. They found that this architecture offers a promising platform for 
vaccine development, with high affinity sE1E2 binding to broadly neutralizing antibodies 
and to its receptor CD81.

In addition, the team has identified new insights for rational design and delivery of E1-E2 
vaccines to elicit antibodies. In an unpublished (and ongoing) pilot study, macaques were 
immunized with the different versions of E1-E2 engineered for secretion from cells or in 
a more natural form as purified cell membrane aggregates. E1-E2 purified as aggregates 
from cell membranes elicited the best neutralizing antibody response, which was 
strongest against HCV with sequence-matched E1-E2 and reduced against HCV strains 
of different subtypes and genotypes. The production and purification of consistent 
E1-E2 aggregates from cell membranes is nonetheless challenging. The production of 
secreted E1-E2 modified to self-assemble into nanoparticles resembling cell membrane 
aggregates is currently being pursued as a promising alternative.

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Fuerst%20-%20NIH%20Webinar_24Mar2022%28final%29-vf.pdf
https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Fuerst%20-%20NIH%20Webinar_24Mar2022%28final%29-vf.pdf
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Source: Slide #9, Design of sE1E2 constructs

Source: Slide #17 Pilot Macaque study



Next Generation HCV Vaccine Antigens: What we know about 
HCV neutralizing antibody responses and how to leverage recent 
knowledge in vaccine design 
Mansun Law, The Scripps Research Institute
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Two major HCV vaccine candidates to date have been (1) a viral-vectored NS3-NS5 
candidate (targets T cells) (ClinicalTrials.gov Identifier: NCT01436357), and (2) an E1E2 
candidate (targets neutralizing antibodies) (ClinicalTrials.gov Identifier: NCT00500747). A 
more robust vaccine pipeline is essential to improving scientists’ chances of developing a 
successful vaccine.

In both human and non-human primate studies, Law and his team found that baseline 
antibody responses elicited by full-length E1E2 were immunogenic, with similar 
responses in human and non-human primates. The breadth of neutralizing antibody 
responses was limited, indicating that next-generation HCV vaccine antigens must 
perform better than baseline antibody responses. But there are multiple challenges to 
developing vaccine antigens based on the HCV envelope glycoproteins E1E2. Principal 
among these problems is the antigenic variability of the HCV envelope—and the tendency 
for misfolding fractions in protein batches and the highly flexible nature of recombinant 
E2. These issues must be overcome in the design of new vaccine candidates.

Looking ahead at big-picture strategies to improve protective immune responses, the 
Law team will focus on engineering HCV envelope proteins for stability and to better 
present conserved neutralizing epitopes, developing antigens based on multiple viral 
genotypes with favorable properties, and optimizing antigen production (through stable 
cell lines, for example) and purification.

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Law-NIAID%20HCV%20vaccine%20webinar.pdf
https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Law-NIAID%20HCV%20vaccine%20webinar.pdf
https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Law-NIAID%20HCV%20vaccine%20webinar.pdf
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Source: Slide #10, “Comparison of human and NHP antibody responses

Source: Slide #28, Conserved neutralizing epitopes
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HCV vaccines and neutralizing antibodies: lessons from human infection
Justin Bailey, Johns Hopkins University

Data acquired from cases of natural HCV infection have taught several lessons applicable 
to the development of HCV vaccines. In the BBAASH cohort (Baltimore Before and After 
Acute Study of Hepatitis), established at Hopkins 20 years ago, persons who injected 
drugs were followed prospectively, enabling scientists to study immune responses at the 
critical juncture of acute HCV infection. Bailey’s team has found that the spontaneous 
clearance of HCV is associated with the early development of broadly neutralizing plasma 
antibodies. These antibodies have been found in both chronic and cleared patients, but 
more data is needed to understand the neutralizing epitopes that have been found. 

Can broadly neutralizing antibodies mediate clearance of HCV infection—simply put, are 
they really doing anything? The team has also learned that the clearance of infection 
appears to be associated with E2 substitutions that reduce the CD81 binding. Of special 
importance here are ways that broadly neutralizing antibodies can drive the virus to an 
unfit state, contributing to spontaneous viral clearance. This success is not because 
these antibodies are perfect, but because they are potent enough and neutralizing 
enough that escaping them wears the virus out, much like driving bison off a cliff. 

In a key research development, a collaboration between scientists at Johns Hopkins and 
other institutions led by Bailey and his team, scientists have recently developed an HCV 
pseudo-particle (HCVpp) reference panel, narrowed to 15 representative HCV envelope 
glycoprotein specificities, that could facilitate comparisons and standardization of 
neutralization results from vaccine trials in different laboratories. This panel will be 
available to other researchers.

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Bailey_HCVwebinar_2022.pdf


Source: Slide #18, HCV Broadly Neutralizing Antibodies...

Source: Slide #21, image of bison being driven off cliff
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Systems biological assessment of immune responses to the Pfizer 
BioNTech BNT162b2 mRNA vaccine: lessons for HCV
Bali Pulendran, Stanford University
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Using a systems biological approach, Pulendran summarized lessons learned from the 
Pfizer BioNTech COVID-19 vaccine: mRNA vaccines provide an exciting new opportunity 
to rapidly test novel HCV vaccine candidates. His team conducted a clinical study of 
healthy adults who received the Pfizer vaccine (2 shots) and concluded that mRNA 
vaccines are very efficient at inducing robust antibody titers, with both males and 
females developing similar magnitudes of response. But the waning durability of antibody 
responses poses a major challenge. For the Pfizer vaccine, the decay rate is about 56 
days, as compared to live viral vaccines, which induce responses that have a decay 
rate of potentially hundreds of years. Why does the mRNA vaccine fall short? A key clue 
comes from the analysis of innate responses: these vaccines don’t activate certain key 
receptors. Work is needed to identify adjuvants that might induce durable responses 
and more protective immunity over time. The epigenetic imprinting of persistent 
antiviral innate immunity induced by certain adjuvants could be harnessed to stimulate 
innate memory against infections in tissues, thus extending the effectiveness of these 
vaccines. 

Pulendran’s team also found that the synergistic interplay between antibody and CD8+ 
T cell responses should be harnessed in new vaccination strategies. Recent advances 
in human immunology have invigorated scientists’ capacity to rapidly evaluate novel 
vaccine concepts in humans, or “phase 0” vaccine trials, early in the development 
pipeline. The key takeaway? Don’t wait two or five years for mouse or non-human primate 
studies for this component of the vaccine pipeline. The initial work can now proceed in 
humans more rapidly in the earliest phases.

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Palendrun-HCV%20Vaccines%20talk%20FINAL.pdf
https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Palendrun-HCV%20Vaccines%20talk%20FINAL.pdf
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Source: Slide #19, Innate programming of durable immune responses

Source: Slide #20, Adjuvanting a subunit COVID19 vaccine to induce 
protective immunity



Feasibility of delivering a HCV vaccine by the end of this decade
Michael Houghton, University of Alberta

Houghton offered a summary and analysis of the current state of HCV vaccine research, 
noting that the subject is not an academic exercise for most people worldwide—it is an 
urgent public health issue. Even once a successful vaccine is developed, it will still need 
to be made accessible and affordable, thus posing challenges well beyond basic science. 
But if researchers can create a viable vaccine, the HCV epidemic can be stopped. 

Houghton noted current discussions regarding the protective role of HCV neutralizing 
antibodies and then argued for the feasibility of a viable vaccine candidate within the 
next decade. Options currently available for vaccine generation include (1) adjuvanted 
recombinant gpE1/gpE2 protein expressed in Chinese hamster ovary (CHO) cells; (2) self-
amplifying RNA or mRNA-encoded gpE1/E2; and (3) viral vector delivery. A timeline for 
feasible clinical development could take the following form:

2022-2024: Phase 1 trials with various wild-type vaccines are justified
2024-2025: Potential phase 2 efficacy read-outs via human challenge trials
2025-2026: Potential staged sequential roll-out of vaccine to PWIDs (those most at risk), 
with follow-up to prove low chronicity rates. To be followed by phase 3 trials targeting 
other high-risk groups.

Following the successful completion of these phases, Houghton concluded, scientists 
will likely see a superior vaccine emerge over the next few years, which could be 
distributed more widely.

18

https://www.globalhep.org/sites/default/files/content/webinar/files/2022-03/Houghton%20NIH%20talk%20March25th2022.pdf


Source: Slide #19, Innate programming of durable immune responses

Source: Slide #20, Adjuvanting a subunit COVID19 vaccine to induce 
protective immunity
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Panel Discussion Highlights
Moderator: Steven Foung, Stanford University
Panelists: Chris Walker, Nationwide Children’s Marian Major, Food and 
Drug Administration (FDA) David Thomas, John Hopkins University Michael 
Houghton, University of Alberta

How to design a universal vaccine?
Scientists don’t know yet if a single strain or isolate is going to be adequate to induce 
broadly neutralizing antibodies and thereby make a universal HCV vaccine possible. It’s 
possible that a multi-isolate or mosaic antigen might succeed better in the long run, but 
more data is needed. In addition, requiring one vaccine to be able to neutralize all fifteen 
of the HCV pseudo-particles (in the representative panel developed by Bailey’s team) 
is probably too high of a bar to set—especially given that serum testing from humans 
who spontaneously cleared the virus didn’t succeed at neutralizing all fifteen of those 
pseudo-particles. 

Based on studies of HCV-infected humans and animals, there is an emerging consensus 
that the combination of broadly neutralizing antibodies plus T cells is much more likely 
to prevent HCV persistence than vaccines that elicit either immune response alone.  
More testing of potential vaccine candidates is needed, and quickly, to prevent further 
transmission of HCV globally.  But care needs to be taken to better understand vaccine 
immunogenicity and other factors that complicate interpretation of HCV vaccine trials 
in at-risk populations. Large vaccine efficacy trials that fail have the potential to reduce 
momentum for development of more effective candidates.  

How to recognize a potentially useful vaccine in the absence of a pre-clinical challenge 
model? Scientists need more controlled exposure trials in the next few years to sort 
these questions out. Mouse and even non-human primate data are not sufficient. 
Researchers need, for example, more data to understand why the NCT01436357 trial 
did not work: the findings showed that the virus can evade CD8+ T cell responses, but 
scientists don’t yet fully understand how or why.

When should an HCV vaccine be advanced to human trials?
Marian Major said that while discussions of human challenge trials are exciting and 
important, researchers don’t need to wait for these before moving to a Phase 0/Phase 
1 trial of candidate vaccines. Launching a Phase 0/Phase 1 trial isn’t as arduous a 
process as some might assume. The goal here is to test safety and immunogenicity in 
humans, and to gain new insight into the function and durability of immunity generated 
with different vaccine platforms or immunization regimens.  There is a great deal of 

20

https://www.youtube.com/watch?v=iRsY3RnQpkE
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information that can be gained from a Phase 0/Phase 1 trial that can be applied broadly 
in the hunt for an HCV vaccine. Standardized assays don’t need to be established before 
a researcher launches a Phase 1 trial. The takeaway? Scientists should think more boldly 
about trying vaccines in humans. Phase 1 trials could help scientists determine what their 
best-in-class T cell and B cell antigens are and bring them forward. 

What are the metrics to advance beyond a phase 1 trial? Discussants concluded that if 
they can observe good cross-neutralizing antibodies from the panels that Bailey’s team 
developed, that would provide a green light for moving forward to a next phase—if it came 
alongside strong T cell responses.


