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What does a virus need to do to make us 
sick?

Human cell

Generic virus

Viral morbidity 
results from:
• Viral lysis 

(death) of our 
cells

• Inflammation 
from host 
response



How does our immune system fight back 
and protect us?

Early:

Type I
interferon

But…..
Later:

Dendritic
cell

B cell

Cytokines
Killer cells
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T cell



The current COVID-19 vaccine landscape

Global U.S. authorized
May 7, 2021:

• Pfizer/BioNTech
• Moderna
• Johnson & Johnson

more in trials nearing 
maturity



What is in a vaccine?

• Antigen: molecule (usually protein) from the microbe that 
causes the disease (SARS-CoV-2 spike protein)

• Adjuvant: alerts the immune system that a foreign 
antigen is present

• Delivery system: a way to expose the immune system to 
the antigen and adjuvant



What are the approaches to COVID-19 
vaccines?

Inactivated virus (grow virus, chemically inactivate) Salk polio 
Influenza (injected)

Attenuated virus (modify virus to allow limited growth)
Sabin polio, Influenza 
(nasal), Measles, Mumps, 
Rubella, Yellow Fever

Nucleic acid-based:
DNA→RNA→protein antigen
RNA→protein antigen (New)

Purified protein Tetanus, hepatitis B, HPV

Viral ‘vector’ delivery of antigen (New)



• Safety
• Generate neutralizing antibodies:

– T cells may contribute to
protection

• Block infection where virus enters (mucosal immunity)
• Generate long-lived immunological memory
• Recognize viral targets that cannot mutate to escape

What are the goals of vaccine development?



How were COVID vaccines developed so 
quickly?



How were COVID vaccines developed so 
quickly?

• Technology
– Cryo-electron microscopy 

(Nobel Prize in Chemistry, 2017)
– Rapid isolation and production 

of human monoclonal antibodies

• Expertise
– Viral vectors developed for HIV 

vaccines
– National Institutes of Health 

Vaccine Research Center
• SARS and MERS vaccine studies

– RNA vaccine approach refined 
to minimize side effects and 
improve efficacy (for HIV and 
cancer vaccines)



Coronavirus spike protein is in motion

Cell 180: 281, 2020

SARS-CoV-2

MERS-CoV

PNAS 114:E7348, 2017

Supplemental Figures

Figure S1. Cryo-EM Data Processing and Validation, Related to Figures 3, 4, and 5
A-B. Representative electron micrograph (A) and class averages (B) of SARS-CoV-2 S embedded in vitreous ice. Scale bar: 100nm. C. Gold-standard Fourier

shell correlation curves for the closed (blue) and partially open trimers (red). The 0.143 cutoff is indicated by horizontal dashed lines. D-E. Local resolution map

calculated using cryoSPARC for the closed (D) and partially open (E) reconstructions.



Modifying the spike protein can make it a 
better vaccine antigen

Science 369: 1586, 2020  

Desirable ”prefusion”
conformation

Undesirable ”postfusion”
conformation



Three COVID vaccines available in the U.S.
RNA

(Moderna and Pfizer/BioNTech)
Adenovirus

(Johnson & Johnson)

• Virus is inactivated by gene 
deletions: cannot replicate or 
cause infection

• Carries DNA for spike into cells; 
does not affect our DNA

• Ionizable lipid
• Cholesterol
• Neutral phospholipid
• PEG-modified lipid

RNA coding for spike protein
is carried into cells by the lipids

An adenovirus type that is
rare in human populations



Other COVID vaccines at advanced stages 

of development

AstraZeneca Novavax

• Chimanzee adenovirus

• Cannot replicate

• Unmodified SARS-CoV-2 spike protein

• Two doses

• Purified, modified SARS-CoV-2 spike protein

• Contains ‘adjuvant’ to alert immune system

• Two doses



How do the vaccines differ?
mRNA vaccines Adenovirus vectored-vaccines Protein+adjuvant

Moderna Pfizer/BioNTech Johnson&Johnson AstraZeneca Novavax

Dosing, interval Two, 4 wks apart Two, 3 wks apart One Two; intervals 
varied

Two, 3 wks apart

Efficacy*: >90% 91% 72% 76% 96%

B.1.1.7 variant 90% 86%

B.1.351 variant Antibody activity 
reduced

75% (64%) 10% 49%

Serious adverse 
effects

Thrombosis with thrombocytopenia 
syndrome

*prevention of symptomatic infection



Do treatments with drugs that target the 
immune system affect vaccine responses?

Treatment Effect on COVID vaccine response

Infliximab Reduced antibody responses after first dose of Pfizer or 
AstraZeneca; increased with second dose

Rituximab Reduced antibody responses, T cell responses detectable

Mycophenolate, tacrolimus Reduced antibody responses to first dose of mRNA vaccine

New date emerging



The Art of COVID Vaccines: predicting the future
“It’s tough to make predictions, 
especially about the future”*
*Niels Bohr, and Yogi Berra

Reducing the global 
viral burden (vaccines, 
masks, distancing) will 
reduce generation of 
new variants, and 
reduce the risk of 
losing protection by 
vaccines

May be determined by the ‘inherent 
mutational tolerance’ of the spike protein
Elife. 2014 Jul 8;3:e03300

We are here



The Politics of COVID Vaccines

Sputnik, 1957 Sputnik, 2021

(Adenovirus vector)

(Inactivated virus)

(Inactivated

virus)

Who will provide vaccines to those in low and middle-income countries?

3 COVID vaccines develop in China, 2021



The Politics of COVID Vaccines

COVAX: accelerate the development and manufacture of COVID-19 vaccines,
and to guarantee fair and equitable access for every country in the world.

“TB COVID anywhere is COVID everywhere”



The Politics of COVID Vaccines



The power of a vaccine:

The New York City Smallpox Hospital


