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Disclosures

• Inventor on vaccine patents for:
• Coronaviruses
• Respiratory syncytial virus
• Influenza virus
• Nipah and other paramyxoviruses
• Zika

• Inventor on monoclonal antibody patents for:
• Ebola
• SARS-CoV-2 and other coronaviruses



Verbeke et al. Nanotoday 2019

History of mRNA Therapeutics (Pre-COVID) 



mRNA immunization

Nelson et al. Sci Adv 2020



mRNA Design Options



Chaudhary et al. Nat Rev Drug Discovery 2021; Aug 25;1-22.

Elements of mRNA Design

• Nucleotide modifications
• Codon modification
• Leader sequence
• Secondary RNA structure
• Formulation



Chaudhary et al. Nat Rev Drug Discovery 2021; Aug 25;1-22.

Lipid Components of LNPs

Cholesterol

Ionizable cationic lipid

Neutral lipid PEGylated lipid



EUA fact sheet

Comparison of BioNTech and Moderna LNPs 



Vaccine Modalities – Pros and Cons
Vectors mRNA Whole virusDNA Protein

Previously licensed +/- - - + ++

Stability ++ ++ +/- + +

Rapid manufacturing + ++ +++ +/- +/-

Antibody + +/- ++ +++ ++

CD8+ T cells ++ + ++ - -

CD4+ Th1 ++ ++ ++ +/- +/-

Tfh + +/- ++ + +

Nuclear entry required + + - - +/-

Rare adverse events + +/- +/- - +

Anti-vector immunity + - - - -

CD4+ Th2 +/- +/- +/- + +

Cell culture + - - + +
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Relative Efficacy of Vaccine Modalities

Adapted from Miles Davenport
University of New South Wales

*Protein (Novavax)

*mRNA (BioNTech)

*Ad26 X1 (J&J)

ChAdOx (Astrazeneca)

*mRNA (Moderna)

*Ad26 X2 (J&J)

Whole-inactivated 

Convalescent

NT titer relative to convalescent GMT

50% Efficacy



Vaccine-Associated Enhanced Respiratory Disease

Complement activation in 
small airways

Increased inflammation
Impaired cytolytic function 

Mucus production 
airway hypersensitivity

Eosinophils and 
neutrophilic alveolitis

Non-neutralizing antibody Th2-biased response

C4d

Convalescent serum

Pre-immune serum



Multiple Vaccine and 
Therapeutic Applications in Development

• Individual proteins
• Multicomponent vaccines
• Membrane-anchored
• Secreted

• Self-assembling particle-based
• Cancer vaccines
• mAb delivery
• Combination vaccines

Adapted from publicly available slide



Organizing for Pandemic Preparedness

Class I
Paramyxo
Pneumo
Corona
Arena
Retro

Orthomyxo
Filo

Class II
Toga

Matona
Flavi/hepatitis C

Bunyavirales order
Hanta
Nairo

Phenui

Class III and others
Herpes

Pox
Rhabdo

Hepadna
(Arterivirus)

Non-enveloped
Picorna (EV-D68)

Polyoma
Papilloma

Calici
Astro

Adeno
Parvo
Reo

Hepe

Core Functions
Sequencing/synthesis

Protein production
Structure/Antigen design
Antigen display/delivery

Animal modeling
Pathogenesis and organ-

specific immunology
B cell biology/serology

T cell biology/flow 
cytometry

Single cell analysis
Computational biology

Bioinformatics
Process development
Pilot manufacturing
Phase I clinical trials

Core functions:
Product development 
and analysis capacity. 

Research Groups: 
Organized by viral 
fusion protein type; 
focused on pathogen-
specific biology

Graham & Sullivan. 
Nature Immunology 2018

Présentateur
Commentaires de présentation
We envision the work being organized around cross-cutting core functions, and gathering expertise divided by the biology of virus entry. 



The Cellular Revolution in Africa

Toby Shapshak and Special to CNN
Updated 12:07 PM EDT, Thu October 4, 2012

• Mobile money transactions
• Authentication of products
• Competitive pricing
• Communicating news
• Community organizing
• Real time information



The Future of Manufacturing



Summary

• mRNA rapid manufacturing by chemical synthesis is a platform technology

• It potently induces antibody and CD8+ T cells and promotes Th1 and Tfh

• COVID-19 data suggests mRNA is safe and efficacious

• No anti-vector immunity

• Stability and supply chain is improving

• Small footprint, small batch manufacturing is well suited for LMICs

• Room for improvement in codon selection, secondary RNA structure, down-
stream processing, lipid composition, formulation, and delivery

• mRNA is not magic – antigen design is critical 



Questions?



Structure-guided Stabilization of HKU1 CoV Spike

2017

2016

PP

PP



June 1, 2020

Phase 1 clinical 
trial for mAb555

Apr 20, 2020

Lilly begins 
manufacturing

Phase 1 
Clinical vaccine 

trial starts

Mar 16, 2020

Feb 27, 2020

Abcellera
begins sorting

Sept 16, 2020

Lilly 
announces 

efficacy 
result in 
BLAZE-1

Phase 3 
mAb555 trial 

begins

Aug 3, 2020Jun 17, 2020

Phase 2 mAb555 
trial begins
(BLAZE-1)

Phase 3 
Clinical vaccine 

trial starts

Jul 27, 2020Jan 10, 2020

2019-nCoV 
sequences 
published

2013-2019

Extensive work 
on MERS, other 
CoV, and other 
Fusion proteins

Jan 6, 2020

Wuhan 
outbreak may 

be CoV

COVID-19 VACCINE & MAB 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                                                                                                             

20

mAb555 – 5 months to phase 3

mRNA-1273 – 6.5 months to phase 3



High Quality Protein is the Beginning for Everything

Therapy

Diagnostics

Vaccines

*

*

*
*
*

X

Safety and  Immunogenicity of SARS-CoV-2 mRNA-1273 
Vaccine in Older Adults



Foundation for rapid COVID-19 vaccine development

Coronavirus virology RSV immunology (VAERD)

HIV-driven technology; clinical and research infrastructure development

RSV structure-based vaccine design

Prototype pathogen pandemic preparedness concepts

Nucleic acid vaccine development

CoV spike structure and stabilization Paramyxovirus vaccine antigen design

Public-private partnerships for pandemic response

Advances in human mAb discoveryAdvances in HIV Env structure

Advances in platform manufacturingAdvances in protein engineering

Repeated inadequate responses to pandemic threats

Development of prototype mRNA vaccines for MERS-CoV and Nipah

Vaccine development for SARS-CoV-2

40

15

20

3

8

1
Year(s)



NT

Lung

Nose

Immunogenicity

Safety

Protection

23
NEJM July 14Nature Aug 6 NEJM July 28

T cells
56-70

>70

NEJM Sept 29



Phase 3 Efficacy Data for COVID-19 mRNA Vaccines

2nd dose

Polack FP et al. NEJM 2020Baden LR et al. NEJM 2020



Haas EJ et al. Lancet Infect Dis 2021; 22:S1473-3099 (21)00566-1. doi: 10.1016/S1473-3099(21)00566-1. 

infections deaths

Real World Effectiveness Estimates from Israel
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