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• Vaccine Inventor
• Coronaviruses
• Respiratory syncytial virus
• Influenza virus
• Nipah and other paramyxoviruses
• Zika

• Monoclonal Antibody Inventor
• Ebola
• SARS-CoV-2 and other coronaviruses

• Scientific Advisory Boards
• Vaccine Company, Inc.
• Third Rock Ventures, Foundry
• Akagera

• Consultant
• GSK
• Pfizer
• Sanofi
• AstroZeneca
• Exevir
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Brief History of Nucleic Acid Vaccines
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2’-O-methyluridine
5-methylcytidine
pseudouridine

Modified Nucleotides Reduce DC Activation by RNA 

Drew Weissman & Katalin Kariko
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Modified Nucleotides Increase Protein Production
Immune Activation

Unmodified mRNA

Poly(I:C)

No mRNA

Pseudouridine mRNA

Level of Translation

Unmodified mRNA

Pseudouridine mRNA

Less immune activation=greater and longer translation

Kariko, K et al. Molecular Therapy. 2008
Anderson BA et al. Nucleic Acids Res. 2011 Nov.

mRNA synthesized in vitro using alternative nucleosides 
(pseudouridine, 5-methylcytidine or 1-methylpseudouridine)
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5-Methylcytidine 1-Methylpsuedouridine
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DNA as a Vaccine Platform Technology
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West Nile Virus VRC DNA Vaccine

Ledgerwood et al. J Infect Dis. 2011;203:1396-1404

Ab (EC50) by RVP neutralization assay responses

A West Nile Virus DNA Vaccine 
Utilizing a Modified Promoter 

Induces Neutralizing Antibody in 
Younger and Older Healthy Adults 

in a Phase I Clinical Trial.
Ledgerwood JE, the VRC 303 Study 

Team, et al.

May 15, 
2011

Structural insights into the 
mechanisms of antibody-mediated 

neutralization of flavivirus infection: 
implications for vaccine development.

Pierson TC et al. 

Pierson TC et. al. Cell Host Microbe. 2008 Sep 11;4(3):229-38.
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ZIKV DNA Vaccine Development
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VRC Zika Vaccine USG Collaboration
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• Both likely to work based on animal model data or historical 
precedent

• Both difficult to scale-up 
• Both have willing Pharma partners
• Both have unknowns: Epitope authenticity; durability, final cost

• Inactivated whole virus is a licensed technology in clinical use
• Inactivated whole virus has more antigens and is a more native 

particle
• Inactivated whole virus is given by traditional needle and syringe

• DNA is farther advanced in clinical development
• DNA induces antibody responses and CD8 T cell responses
• DNA may facilitate mRNA advancement

Decision to support DNA vs. Whole-inactivated
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• Authentic antigen presentation
• Induction of both antibody and CD8 T cells
• Th1-biased CD4 T cells
• Vaccine components rapidly degraded
• Only requires entry into cytoplasm
• No anti-vector immunity
• Rapid platform manufacturing
• Chemical synthesis, no bioreactor requirement
• Scalable

mRNA immunization strategy
Protein expression affected by mRNA chemistry and manufacturing process
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mRNA

DNA

Publications on Nucleic Acid Vaccines
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Zika

BioNTech
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Advances in 
LNP formulations

Advances in 
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Pandemic Preparedness

SpeedThreats & Outbreaks

2001 Nipah
2001   Smallpox
2002   SARS-CoV-1
2002   WNV
2005   H5N1 influenza
2008   Marburg
2009   H1N1 influenza
2011   Chikungunya
2012   MERS-CoV
2014   Ebola
2014   EV-D68
2016   Zika

Generalizable and Precise 
Antigen Design

Platform ManufacturingPrototype Pathogens
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Mapping Antigenic Sites on RSV F

Postfusion F

Prefusion F

6-helix 
bundle
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Class I Fusion Glycoproteins 

• Functional homology
• Shared motifs and domains
• Distinct shapes and topography

Graham, Gilman, McLellan, Annual Review of Medicine 20192025 National Adult and Influenza 
Immunization Summit – 5/15/25
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Prototype Pathogen Approach to Pandemic Preparedness

Paramyxoviridae Coronaviridae
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Mar 16, 2020
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trial starts

Jul 27, 2020

Jan 10, 2020
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sequences 
published

2013-2019
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on MERS, other 
CoV, and other 
Fusion proteins

Jan 6, 2020
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RAPID COVID-19 VACCINE DEVELOPMENT
2013-2019 2020

1st report of 
respiratory virus 

outbreak in 
Wuhan, China

Dec 31, 2019

First nCoV
spike ELISA 

for cross-
reactivity

Feb 1, 2020

VRC makes 
nCoV spike 

protein

Jan 31, 2020

UT-Austin 
solves spike 

structure

Feb 3, 2020

Immunogenicity 
confirmed in 

mice

Feb 18, 2020

SARS-CoV-2 Outbreak                                                                                                             

mRNA-1273 – 6.5 months to phase 3

Efficacy proven in 10 months
Authorization in 11 months

May 20, 2020
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Safety and Effectiveness of mRNA Vaccines

• ~13.7 billion COVID-19 vaccine doses given
• ~50% were mRNA
• Adverse events

• local reactions
• systemic reactions
• ~2 per 100,000 myocarditis
• No documented long-term disability
• No evidence of vaccine-associated mortality

• In 2021 >14 million deaths averted based on 
mortality attributed to COVID-19, and >19 
million deaths averted based on excess mortality

• ~3 million deaths averted in U.S. 
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mRNA immunization strategy

Nelson et al. Sci Adv 2020

Protein expression affected by mRNA chemistry and manufacturing process

• COVID-19 data indicate mRNA is safe and efficacious

• Stability and supply chain is improving

• Small footprint, small batch manufacturing is well 
suited for LMICs and rapid iterative design cycles

• mRNA is not magic – antigen design is critical 

• Need to minimize mRNA side effects and reduce cost
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mRNA Vaccine for Pancreatic Cancer

Sethna Z, et al. RNA neoantigen vaccines prime long-lived CD8+ T 
cells in pancreatic cancer. Nature. 2025 Mar;639(8056):1042-1051. 

mRNA vaccine Modified chemoRxAnti-PD-L1
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• New era of vaccinology based on new technologies

• Precision antigen design with rapid and scalable platform 
manufacturing provides an engineering solution for achieving 
generalizable vaccine approaches for pandemic preparedness

• mRNA will solve unmet vaccine needs and accelerate R&D for 
multiple targets

• Critical to keep investing in basic research

• Room for improvement on design, purification, stability, and cost

Conclusions 
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