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What could a SARS-CoV-2 vaccine do ?



SARS-CoV-2 and its Spike Protein  (the vaccine target)

Image credits: 
https://www.berkeleylights.com/blog/ev
erything-you-need-know-about-
coronavirus/



How does a COVID-19 vaccine work ?

• The first time you are infected by a virus 
you will develop antibodies against that 
virus 

• The next time you come in contact with 
that same virus, you will already have 
antibodies prepared to fight against that 
particular virus

• This is what vaccines try to mimic!

• A vaccine presents an antigen to stimulate 
an immune response that can block or 
destroy the virus





Vaccine Designs
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Vaccine Antigen

• To understand how these vaccines are 
made, we first need to understand what 
parts of the virus are used.

• The vaccines in Operation Warp Speed 
focus on the spike protein of the SARS-
CoV-2 virus, which is used as the antigen.

• An antigen is the ingredient in a vaccine 
that triggers your body’s immune system 
to build a defense and create antibodies 
against a virus.

• Remember that the antigen is only a copy 
of a piece of the virus, usually made in a 
laboratory, and cannot cause illness.



Pieces of the vaccine “sandwich”



How do we conduct vaccine research? 



How do we conduct vaccine research? 



COVID-19 Vaccines in Clinical Development



Types of COVID-19 vaccines



Moderna Vaccine (mRNA vaccine)

• The “Cove Study.” N=30,423 across 99 sites in the US, mRNA-1273. 



Moderna Vaccine (mRNA vaccine) continued



Pfizer/BioNTech Vaccine (mRNA vaccine)



AstraZaneca/Oxford Vaccine (viral vector)

• This study tests the experimental vaccine called AZD1222. 

• The study vaccine is commonly known as the “Oxford vaccine” or as “ChAdOx.”



AstraZaneca/Oxford Vaccine (viral vector) continued



AstraZaneca/Oxford Vaccine (viral vector) continued



Johnson and Johnson Vaccine (viral vector)

• Ensemble study tests the experimental vaccine called Ad26.COV2.S 

• The study vaccine is commonly known as the “Oxford vaccine” or as “ChAdOx.”



Johnson and Johnson Vaccine (viral vector)



Novavax Vaccine (spike protein nanoparticle)

• This study tests the experimental vaccine called SARS-CoV-2 rS. 

• The study vaccine is known as a recombinant spike protein nanoparticle vaccine.



Novavax Vaccine Phase 2b and Phase 3

• Phase 3 trial results from the UK and phase 2b results from South Africa 
were recently announced

• Its efficacy in the UK was 89% at least seven days after individuals had 
received two doses of vaccine (n=15,000)

• In South Africa (n=4,400), the vaccine efficacy was 60% in people living 
without HIV. A small group of individuals living with HIV – about 150 – was 
included in the efficacy analysis. However, the study didn’t have the 
statistical power to evaluate for vaccine efficacy specifically in this 
population.

• The South African efficacy readout is against the B.1.351 variant – 92% of 
all of the cases in the main analysis developed COVID-19 following 
infection by this variant.



Sputnik Vaccine (viral vector – prime-boost)



Summary: Variables in Vaccine Development

• Vaccine platform: how is the vaccine designed? Does it use:

• Messenger RNA like in Moderna’s design?

• A viral vector like the adenovirus in AstraZeneca’s or Janssen’s designs?

• A microscopic particle delivery like in Novavax’s design? 

• Proteins like in Sanofi’s design?

• Adjuvant: will anything be added to the vaccine for that extra kick?

• Dose: how much is given per injection?

• Route: where and how is the injection given?

• Storage and transportation: cold chain requirements ?

• Timing: how many injections and how much time between them?



Summary: Variables in Vaccine Development

Product
Design Adjuvant Cold chain How do I get the 

shot?

How often?

Moderna

mRNA-1273
mRNA - - 20 degreesC

Shot in the 

deltoid muscle 

of your upper arm

Twice: Day 0

and Day 29

AstraZeneca

AZD1222

Chimp 

adenovirus 

vector

-
2 to 8 degreesC

Twice: Day 0

and Day 29

Janssen

Ad26.COV2.S

Human 

adenovirus-26 

vector

-
2 to 8 degreesC 

1 dose – Day 0

Novavax SARS-

CoV-2 rS

Protein Subunit 

Nanoparticle
Matrix-M™

2 to 8 degreesC Twice: Day 0

and Day 21

Pfizer mRNA - - 70 degreesC
Twice: Day 0

and Day 21

For two dose regimens, looks okay and maybe better to give at least 3 months apart



Were corners cut ? BIG NO !!

• Bringing Covid-19 vaccines to market in one year instead of 10 has been a monumental task. But 
was it really developed in 1 year ??

• We did not start from ZERO ! Built on SARS, MERS and HIV vaccine work

• Parallel clinical development. Relay race !

• Genetic engineering advancements i.e. gene sequencing

• Funding for multiple vaccines

• Expedition by regulatory authorities

• How about HIV ???
• Genetic diversity
• Animal or human models for recovery



How safe are vaccines ? (V-Safe / CDC tracking data)



How safe are vaccines ? (V-Safe / CDC tracking data)



How safe are vaccines ? (V-Safe / CDC tracking data)





Closing thoughts

• Greater than 100 million COVID-19 vaccine doses have been 
administered globally

• Overall, the safety profiles of COVID-19 vaccines are 
reassuring and consistent with that observed from the pre-
authorization clinical trials

• Always confirm what you read online with your doctor
• Get vaccinated !! This is not a way to live
• Stay safe from COVID-19: Observe distancing, Sanitize, Wear 

a mask and get vaccinated 



Some Unknowns

•Safety and efficacy of the vaccines in “special” 
populations.

•Duration of protection provided by these 
vaccines.

•Degree to which these vaccines protect against 
infection and transmission. 
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