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Study design



BNT162b2 stimulates potent neutralizing antibody titers



BNT162b2 induces antigen-specific CD4 and CD8 T cell responses



Enhanced innate transcriptional signatures after secondary vaccination



Transcriptional single-cell landscape of immunity to 
BNT162b2
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Plasma IFN-𝜸 levels are enhanced within 1 to 3 days of secondary 
immunization with BNT162b2, and correlate with C8 frequency



Enhanced IFN-𝜸 and innate responses in lymph nodes, 1 day after secondary 
immunization of mice with the Pfizer BNT162b2 vaccine

Li et al – Nature Immunology (March 2022)



Both T cells and NK cells in the draining lymph nodes produce IFN-𝜸 one day 
after secondary immunization of mice with BNT162b2



Neutralization of IFNg activity a few days before secondary immunization, 
impairs enhanced innate responses



Innate sensing of BNT162b2
Induction of antibody and T cell responses are:

• Toll-like receptor independent (TLRs 2,3,4,5,7 )
• Inflammasome independent (ASC, NLRP3 ko)
• STING/c-GAS independent
• Cell death independent

• Necroptosis-independent (RIP3 knockout mice)
• Pryoptosis-independent (Gasdermin knockout mice)

Li et al – Nature Immunology (March 2022)



Induction of T cell responses are dependent on MDA-5



Induction of T cell responses are dependent on MDA-5 and type 1 IFN-signaling

Li et al – Nature Immunology (March 2022)



Mechanisms of innate and adaptive immunity to BNT162b2 vaccine

TLR independent
Inflammasome independent
Cell death independent



Lessons for HCV
1. mRNA vaccines provide an exciting new opportunity to rapidly test novel HCV vaccine 

candidates.

2. Waning durability of antibody responses represents a major challenge. Novel 
approaches are needed.

3. The synergistic interplay between antibody and CD8+ T cell responses in tissues should 
be harnessed in new vaccination strategies.

4. Epigenetic imprinting  of persistent antiviral innate immunity induced by certain 
adjuvants could be harnessed to stimulate innate memory against infections in tissues. 

5. Recent advances in human immunology have invigorated our capacity to rapidly test 
novel vaccine concepts in humans (“phase 0” HCV vaccine trials), early in the vaccine 
development pipeline.



Longevity of immune responses to vaccination

https://www.biorxiv.org/content/10.1101/2021.09.30.462488v1

Med Vol. 3Issue 1p25–27Published in issue: January 14, 2022

Decay rates of antibody responses to the BNT162b2 vaccine

https://www.biorxiv.org/content/10.1101/2021.09.30.462488v1
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Innate programming of durable immune responses 

?





Durability of live-virus neutralizing titers

AS03

p = 0.06

Nature (2021)



Durability of antibody titers

Veronika Zarnitsyna, Emory

Pseudovirus neutralizing antibody titersBinding antibody titers



Breadth of neutralizing antibody responses

Usama Ashraf, Taia Wang

Sievers BL, et al. STM, 2022 



Lessons for HCV
1. mRNA vaccines provide an exciting new opportunity to rapidly test novel HCV vaccine 

candidates.

2. Waning durability of antibody responses represents a major challenge. Novel 
approaches are needed.

3. The synergistic interplay between antibody and CD8+ T cell responses in tissues should 
be harnessed in new vaccination strategies. 

4. Epigenetic imprinting  of persistent antiviral innate immunity induced by certain 
adjuvants could be harnessed to stimulate innate memory against infections in tissues. 

5. Recent advances in human immunology have invigorated our capacity to rapidly test 
novel vaccine concepts in humans (“phase 0” HCV vaccine trials), early in the vaccine 
development pipeline.



BNT162b2 vaccination induces a high magnitude of antigen-specific 
CD8+ T cell responses in tissues

Li et al – Nature Immunology (March 2022)



HIV Env protein + adjuvant (Ab)
(15 macaques)

Viral vectors expressing SIV 
gag; HIV Env protein + adjuvant
(T cells + Ab)
(15 macaques)

Adjuvant only (control)
(15 macaques)
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Lessons for HCV
1. mRNA vaccines provide an exciting new opportunity to rapidly test novel HCV vaccine 

candidates.

2. Waning durability of antibody responses represents a major challenge. Novel 
approaches are needed.

3. The synergistic interplay between antibody and CD8+ T cell responses in tissues should 
be harnessed in new vaccination strategies. s.

4. Epigenetic imprinting  of persistent antiviral innate immunity induced by certain 
adjuvants could be harnessed to stimulate innate memory against infections in tissues. 

5. Recent advances in human immunology have invigorated our capacity to rapidly test 
novel vaccine concepts in humans (“phase 0” HCV vaccine trials), early in the vaccine 
development pipeline.



Epigenetic reprogramming of myeloid cells to an antiviral state that can 
persist for weeks to months

Epigenetic
Reprogramming

H5N1 influenza vaccine + AS03 adjuvant
Pfizer-BioNTech BNT162b2?

Wimmers et al – Cell (July 2021)



Reduced Zika and Dengue infection in PBMCs from 
subjects vaccinated with H5N1+AS03

Viral titers in in-vitro 
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Lessons for HCV
1. mRNA vaccines provide an exciting new opportunity to rapidly test novel HCV vaccine 

candidates.

2. Waning durability of antibody responses represents a major challenge. Novel 
approaches are needed.

3. The synergistic interplay between antibody and CD8+ T cell responses in tissues should 
be harnessed in new vaccination strategies.

4. Epigenetic imprinting  of persistent antiviral innate immunity induced by certain 
adjuvants could be harnessed to stimulate innate memory against infections in tissues. 

5. Recent advances in human immunology have invigorated our capacity to rapidly 
evaluate novel vaccine concepts in humans (“phase 0” HCV vaccine trials), early in the 
vaccine development pipeline...
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