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RAPID (AND PRECISE) COVID-19 VACCINE DEVELOPMENT

“Humanity has but three great enemies: fever, famine, and war;
of these by far the greatest, by far the most terrible, is fever.”
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"If America commitsto
find an AIDS vaccine
and we enlist others in
our cause, we will do
it... Today I'm pleased
to announce the
National Institutes of
Health will establish a new AIDS vaccine
research center dedicated to this crusade.”
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FDA Approves Treatment for
Ebola Virus

The U.S. Food and Drug Administration approved Ebanga .
(Ansuvimab-zykl), a human monoclonal antibody, for the o
treatment for Zaire ebolavirus (Ebolavirus) infection in
adults and children./[Ebanga blocks binding of the virus to
the cell receptor, preventing its entry into the cell.
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Zoonotic and Vector-borne Viral Threats
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Public health burden of re-emerging & emerging viruses

Vaccine
Challenges

 Emerging viruses
 Vaccines for
unmet needs

* Improving
licensed vaccines

Traditional
Approaches

Licensed vaccines/antibiotics
Passive surveillance

Contact tracing

Quarantine



New Technologies Facilitate an Engineering Approach

Vaccine
Challenges

Vaccines for
unmet needs

Emerging viruses
Improving
licensed vaccines
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New
Technologies

Structural biology

Protein engineering

Single cell sorting and analysis
High throughput sequencing
Rapid isolation of human mAbs
Antibody lineage analysis
Rapid diagnostic tools
Systems biology

Gene-based delivery

Rapid gene synthesis

Platform manufacturing



Technology Advances Make New Vaccines Possible

Viral Vaccines

RSV?
SARS-CoV-2
Ebola (VSV)
HPV
Rotavirus
Varicella
Jap. Enceph.
Hepatitis A
Hepatitis B
Rubella
Mumps
Adenovirus
Measles
Poliovirus
Influenza
Yellow fever
Rabies
Smallpox
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Major Conceptual and Technological Advances

Discovery of immunity

Cell
culture

Molecular

biology

New technical
advances

Structural analysis of
antigenic sites on viral
surface glycoproteins
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¢ Structural biology

¢ Gene-based antigen
¢ delivery

Rapid manufacturing
Rapid gene synthesis

Human mAb isolation

High throughput sequencing ;

Single cell analysis including E

B cell lineages
Nanopatrticle display
Custom animal models
...omics & glycobiology
Cell Biology

Imaging

Isolation of human monoclonal
antibodies from single B cells
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Sequencing B cells to define clonal lineages;
TCR & BCR-specific transcriptome



Neutralization Fold Change
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Class | Fusion Glycoproteins
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Technologies that Support Pandemic Preparedness & Response

« Structure-based vaccine design

Structural analysis of
antigenic sites on viral
eq oprotein

« Single-cell sorting, sequencing, and bioinformatics
— Rapid isolation of human mAbs

— Definition of antibody lineages

— Analysis of immune responses

« Protein engineering of self-assembling nanoparticles

« Rapid DNA synthesis

« Recombinant DNA and genetic engineering technology

— Rapid cell line development

— Animal model development

* Nucleic acid and vector-based delivery of vaccine antigen e T O R T

Sequencing B cells to define clonal lineages;
TCR & BCR-specific transcriptome 9



Two Viral Families with Extensive Zoonotic Reservoirs

Coronaviridae

Paramyxoviridae
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Structure-guided vaccine antigen design
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Stabilized CoV Spike Protein Improve Expression
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MERS S-2P protects against mouse-adapted MERS
CoV challenge in hDPP4 transgenic mice
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SARS-CoV-2 Identified as cause of COVID-19

Camille Ehre. NEJM 2020; 383:969



Years of Work Led to Rapid COVID-19
Vaccine Development

s

the ﬁqggg%lfg SCIENCE CORONAVIRUS COVERAGE

They spent 12 years 7%
solving a puzzie. It
yielded the first
COVID-19 vaccines.

Long before anyone knew of SARS-CoV-2,
a small band of government and university
scientists uncovered a prototypical key that
unlocked life-saving immunizations.

&

o i o o)

. < s VRl ¥ 2

: Ve e ‘,
g oy ; :

A W X
.., i ', |
'\_ S ,
( j | |

How the pandemlc is changmg our hves
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i Young adults fight bac! k again
Scientists become our new superheroes
= virus and social unrest test our humanity R4
NATURE Let's use this moment to help planet Earth




Readiness for Rapid CoV Countermeasure Development

Pre-existing public-private and

academic partnerships Cr
Prior responses to PHEIC

$

JAMA ..

Novel Vaccine Technologies Essential
Components of an Adequate Response
to Emerging Viral Diseases
BS Graham, JR Mascola, AS Fauci

Precision vaccinology
including structure-
based vaccine design
and protein engineering
for RSV and CoV
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Human monoclonal

antibody discovery RSV vaccine-
enhanced disease

pathogenesis

Platform manufacturing
technologies

Prototype Pathogen
Approach for Pandemic
Preparedness and Response
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Emerging viral diseases from a vaccinology
perspective: preparing for the next pandemic

Barney 5. Graham 2 * and Nancy J. Sulfvan®
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High Quality Protein is the Beginning for Everything

e NEW ENGLAND
JOUENAL of MEDICINE

An mBNA Vaccine against SARS-CoV-2 — Preluninary Report
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Rapid Platform Manufacturing and
Precision Antigen Design

Volume 318. Number 18

General Strategy for Pandemic Response

Novel Vaccine Technologies Essential
Components of an Adequate Response

to Emerqging Viral Diseases
BS Graham, JR Mascola, AS Fauci
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mRNA
Other gene-based vectors
Improved approaches
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Emerging viral diseases from a vaccinology
perspective: preparing for the next pandemic
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Prototype Pathogen Preparedness
Structure-based vaccine design
Protein engineering

Nanoparticle display

High throughput sequencing
Rapid human mAb isolation
Antibody lineage analysis

Rapid synthesis of biologicals
Gene-based antigen delivery



Messenger RNA Vaccines Against SARS-CoV-2
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Class |

Paramyxo
Pneumo
Corona
Astro
Arena
Retro
Orthomyxo
Filo

Class lll and others

Herpes
Pox
Rhabdo
Hepadna

Core Functions

Sequencing/synthesis
Protein production
Structure/Antigen design
Antigen display/delivery
Animal modeling

Pathogenesis and organ-
specificimmunology

B cell biology/serology

T cell biology/flow cytometry

Single cell analysis
Computational biology
Bioinformatics
Process development
Pilot manufacturing
Phase I clinical trials

Class Il

Toga/Alpha
Flavi/hepatitis C

Bunyavirales order

Non-enveloped
Picorna (EV-D68)

Polyoma

Papilloma
Calici
Adeno
Parvo
Reo

Hepe

Pandemic Preparedness Scientific Organization

Core functions: Intramural
programs and extramural
contracts connected to
intramural and extramural
basic research laboratories

Viral Research Groups:
Organized by viral fusion
protein type; combined
resources of intramural and
extramural investigators



Goals of the Protype Pathogen Approach for Pandemic
Preparedness

26 viral families known to infect humans

Develop vaccines for 30 prototype viruses representing those 26
families and genera and take through phase 1

~90 additional viruses from those families known to infect humans with potential for
Increasing human-to-human transmission and virulence

Develop vaccine candidates for all 90 and take through animal testing

Current approach to prioritization

WHO - Lassa, Nipah, MERS/SARS CoV, Rift Valley fever, Crimean Congo
Hemorrhagic fever, Zika, Ebola and Marburg, Pathogen X

CEPI - Lassa, Nipah, MERS-CoV



* Rapid pandemic response based on:
* Prior fundamental basic and translational research R GEMERRYA RS

* Both precision and speed

* Pre-established public-private partnership
* MRNA-1273 Phase 3 interim VE~95%
* mAb555 therapeutic EUA approved é“?’fé KAISER

* Prototype pathogen preparedness is feasible
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