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Outline

• Our Target:  SARS-CoV-2

• The Complexity of Vaccine Development

• Vaccines for SARS-CoV-2
• Vaccine platforms and attributes
• Candidates in development
• Upcoming trials
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What do we know about the pathogen and immunity?
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Single stranded, positive RNA with 4 major structural proteins:
• Spike Protein (S) Contains receptor binding domain 
• M Protein
• Envelope (E) Protein
• Nucleocapsid (N) Protein

www.scientificanimations.com

https://www.scientificanimations.com


Vaccine Development Lessons from Other 
Coronaviruses

• Sequence comparison Spike S protein
• MERS spike S protein 30% homologous
• SARS Spike S  protein is 80% homologous

• Good vaccine responses to several vaccine 
constructs in animals for SARS, MERS

• Phase 1 human trials in SARS, MERS
• Broadly neutralizing antibodies
• MERS development continues
• SARS investments re-allocated
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SARS-CoV-2 Spike Protein: Viral Entry

Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, Graham BS, McLellan JS. 
Cryo-EM structure of the 2019-nCoV spike in the prefusion conformation. Science. 2020 
Feb 19:eabb2507. doi: 10.1126/science.abb2507.

corona = crown or circle of light

Spike Protein



SARS-CoV-2 Spike Protein: Viral Entry

• Trimeric fusion protein

• Metastable prefusion conformation

• Undergoes substantial structural 
rearrangement to fuse the viral 
membrane with the host cell 
membrane

• Process triggered when S1 subunit 
binds to host cell receptor – S2 
engages cell with fusion peptide

• Shedding of S1 subunit and 
transition of S2 subunit to stable 
postfusion conformation

6 bioRxiv https://doi.org/10.1101/2020.02.19.956581, Feb. 20, 2020

https://doi.org/10.1101/2020.02.19.956581


Conformationally Correct Protein
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Receptor-binding 
domain of S1 
undergoes hinge-
like conformational 
movements that 
transiently hide or 
exposure 
determinants of 
receptor binding.
Two stabilizing 
proline mutations 
effective for other 
betacoronaviruses
applied to SARS-
CoV-2.

Hinge

Science 13 Mar 2020:Vol. 367, Issue 6483, pp. 1260-1263



What Do We Know About Immunity in Humans?

• Immune response post-infection to spike 
protein

• Neutralizing responses
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https://doi.org/10.1101/2020.03.30.20047365


What Do We Know About Immunity in Humans?

• Immune response post-infection to spike 
protein

• Neutralizing responses
• Don’t cross-react with SARS virus

• Level of antibody needed to prevent re-
infection?

• Duration of protection from natural 
immunity?

• Importance of T cell immunity?
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Does Infection with SARS-CoV-2 Protect Upon Re-
Exposure?
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Vaccine Development: 
A Lengthy, Risky and Expensive Process
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12-18 
months

15-20 
years

N Engl J Med 2020; 382:1969-1973  DOI: 10.1056/NEJMp2005630



Vaccine Platforms and Attributes
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Single 
Dose

Licensed 
Platform

Speed Scale

DNA No No Fast Medium

RNA No No Fast Low to medium

Nonreplicating 
vector

Possibly No Medium High

Replicating viral 
vector

Possibly Yes Medium High

Protein subunit No Yes Medium High

Inactivated No Yes Medium Medium to high

Live attenuated Yes Yes Slow High



Vaccine Approach: Strategies

13Nature 580, 576-577 (2020)



COVID-19 Vaccine Candidates in Clinical Evaluation
Platform Type Developer Phase Same Platform
Non-replicating 
viral vector ChAdOx1-S Oxford/AZ 1/2 MERS, influenza, 

TB, Chik, Zika

Non-replicating 
viral vector Ad Type 5 CanSino Biol Inc 2 Ebola

RNA LNP-mRNA Moderna/NIAID 2 Influenza, Zika, Chik

Inactivated Inactivated +/- alum Multiple Chinese 
developers 1/2

Protein subunit Recombinant GP 
nanoparticle/matrix M Novavax 1/2 RSV; CCHF, HPV, 

VZV, Ebola

RNA 3 LNP-mRNAs Pfizer/BioNTech 1/2

DNA DNA 
plasmid/electroporation Inovio Pharm. 1 Multiple

Confidential. ©2018 University of Maryland School of Medicine. 14



Vaccine Approach: Nucleic Acid – DNA and RNA

Nature 580, 576-577 (2020)
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Vaccine Approach: Viral Vectored Vaccine
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Replicating viral 
vector – weakened
measles

Non-replicating viral 
vector – adenovirus

Nature 580, 576-577 (2020)
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Adverse Reactions to Ad5 Vectored COVID-19 Vaccine
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ELISA Antibody Responses to the RBD and 
Neutralizing Antibodies
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• Dose-dependent antibody response
• High pre-existing Ad5 neutralizing antibody responses 

compromised neutralizing antibody post-vaccination, 
regardless of vaccine dose
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Summary

• Safe and effective vaccines that is accessible, affordable and 
globally available is needed for COVID-19

• Robust pipeline of promising candidates in clinical development
• We need multiple wins
• Many challenges – New disease, poorly understood immunity, 

uncertain trajectory of outbreak
• Vaccine safety will be meticulously assessed
• If enhanced disease occurs it will be carefully assessed and 

immune mechanisms investigated
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Thank You

Center for Vaccine Development and Global Health
University of Maryland School of Medicine

685 West Baltimore Street, Room 480
Baltimore MD 21201   
TEL: +1 410 706 5328   FAX: +1 410 706 6205
Visit us online at www.medschool.umaryland.edu/cvd
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