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Day 150 of the COVID-19 Pandemic

• Review of vaccine science

• Recommendations for autumn

• Vaccine development

• New vaccine technologies

• Current leading COVID-19 
vaccine candidates

Disclosure: spouse owns shares of 
Johnson and Johnson
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Increased Life Expectancy in the 20th Century

1) Safe food and clean water

2) Vaccines
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A Brief Review of 
Immunology

• The body makes antibodies 
in response to antigens

• Antibodies then bind to 
antigens to assist in an 
immune response to get rid 
of infections or other 
antigens

• Sometimes antibodies 
confer immunity, 
sometimes they do not



Because there is Strength in Unity

How do viral vaccines work?

• A weakened virus (“live 
attenuated”), or killed virus, or a 
part of a virus is made into a 
vaccine

• The vaccine is injected

• The immune system responds to 
make antibodies

• Immune memory is created
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How do viral vaccines work?

• In natural infection, the body’s 
immune system makes 
antibodies that attack and get 
rid of the virus

• This first time exposure is slow

• In a second exposure, the 
memory B cells make antibodies 
quickly to remove the virus
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SARS-CoV-2 Structure
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Recommendations for Fall 2020

• COVID-19 can be a serious or fatal disease

• There will not be a vaccine available by fall

• But we do have vaccines for 2 other serious respiratory 
infections:
• Influenza

• Pneumococcus

• Make sure to vaccinate everyone over 6 months for influenza, 
and pneumococcal vaccine for everyone for whom it is indicated 
(mainly patients over 65 and everyone with diabetes)
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Vaccine Development – Preclinical Phase

• Development of a vaccine substance – live attenuated, inactivated 
whole organism, or protein component 

• A protein component is made with recombinant technology or other 
genetic technique

• Usually tested first in cell culture

• Animal studies are done
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Vaccine Development – Human Clinical Trials

• Phase 1
• Small number of volunteers (20 to 80)

• Safety and immune response 

• Phase 2
• Randomized placebo-controlled trial in a few hundred volunteers

• Safety, immune response to various doses, schedule and method of delivery

• Phase 3
• Large trial (usually thousands of people), also RCT

• Real world efficacy, safety
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Desired Vaccine Characteristics

• Safe
• No serious adverse effects

• Minor adverse effects acceptable and expected

• Effective – produce neutralizing antibodies

• Inexpensive

• Easy to manufacture in large quantities

• Easy to administer to large populations

• Proven efficacy in diverse populations
• At least 50% efficacy for FDA approval
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Current Vaccine Development for COVID-19

• As of July 31st, WHO listed 165 vaccine candidates

• 26 vaccine candidates in human trials

• 7 are in Phase 3

• Many types of vaccine candidates:
• DNA
• Live attenuated virus
• Inactivated virus
• Viral vector (replicating and non-replicating)
• Protein subunit
• Viral Like Particle (VLP)
• mRNA 
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New Vaccine Technologies

•Messenger RNA Vaccines (mRNA)

•Viral-Vectored Vaccines

•DNA Vaccines

•Viral Like Particle Vaccines (VLP)
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mRNA – How does it function in cells?

• In cellular organisms, the genetic 
code is carried in DNA

• DNA is transcribed into mRNA

• mRNA is then translated in the 
ribosomes to make proteins
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mRNA Vaccines
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mRNA Vaccines
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Non-replicating Viral Vector Vaccine

• A genetically modified virus is 
used to deliver the desired DNA

• The DNA goes inside a cell and 
begins to make proteins, in this 
case the SARS-CoV-2 spike 
protein

• The body’s immune system then 
makes antibodies to the spike 
protein
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Inactivated Vaccines

• 3 inactivated vaccines being developed in China:
• Sinovac

• Wuhan Institute of Biological Products/Sinopharm

• Beijing Institute of Biological Products/Sinopharm

• All use 2 doses IM 2 to 3 weeks apart

• Have completed Phase 2, but no published results available

• Phase 3 trials in Brazil (Sinovac) and United Arab Emirates 
(Sinopharm)
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ChAdOx1 nCoV-19 Vaccine

• Non-replicating viral vaccine using chimpanzee adenovirus

• University of Oxford (UK) partnered with AstraZeneca

• Originally developed for MERS

• Phase 1/2 trial: >90% developed neutralizing antibodies

• No serious adverse events reported in 1077 patients

• Local and systemic adverse reactions common (injection site pain, fatigue, 
headache, chills, fever, myalgias, malaise)

• Phase 3 trials in Brazil

• Only requires 1 dose
The Lancet, July 20, 2020:  https://doi.org/10.1016/S0140-6736(20)31604-4

https://doi.org/10.1016/S0140-6736(20)31604-4
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Recombinant Ad5-Vectored COVID-19 Vaccine

• Non-replicating adenovirus type 5 vector

• Beijing Institute of Biotechnology partnered with CanSino Biologics

• In Phase 2 trial, low dose produced seroconversion in 96%

• No serious adverse events in 508 volunteers

• Local and systemic adverse effects common (injection site pain, 
fatigue, fever, headache)

• Phase 3 trials in China

• Only 1 dose required
The Lancet, July 20, 2020:  https://doi.org/10.1016/S0140-6736(20)31605-6

https://doi.org/10.1016/S0140-6736(20)31605-6
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mRNA-1273 Vaccine

• mRNA vaccine encapsulated in lipid nanoparticles (LNP)

• ModernaTx in partnership with NIAID (USA)

• Neutralizing antibodies developed in all participants after 2 doses

• No serious adverse effects reported

• Fatigue, chills, headache, myalgias, injection site pain common

• Phase 3 trial to enroll 30,000 people in US sites

New England Journal of Medicine July 14, 2020: https://doi.org/10.1056/NEJMoa2022483

NEJM July 28, 2020: https://doi.org/10.1056/NEJMoa2024671

https://doi.org/10.1056/NEJMoa2022483
https://doi.org/10.1056/NEJMoa2024671
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BNT162b1 and BNT162b2 

• mRNA vaccine

• BioNTech SE (Germany) partnered with Pfizer

• All participants developed neutralizing antibodies

• No serious adverse effects reported

• Injection site pain, fatigue, headache common

• Phase 3 trials have begun in the US

medRxiv preprint doi:  https://doi.org/10.1101/2020.06.30.20142570

https://doi.org/10.1101/2020.06.30.20142570


Because there is Strength in Unity

Closing Thoughts

• With 165 potential vaccine candidates, there should be at least a few 
that are safe and effective

• Speed of development astounding

• Reason to believe that any approved vaccines will meet normal safety 
standards

• WHEN???
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Thank You for Your Time and Attention!

Harry J Brown, MD

Medical Epidemiologist

USET Tribal Epidemiology Center

hbrown@usetinc.org

615-467-1547

615-917-7526

Have a great weekend!

mailto:hbrown@usetinc.org

