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Coronavirus, SARS-CoV-2, COVID-19, etc.
Family of viruses named for their appearance under the microscope



COVID-19 Disease

• “COVID-19” is the illness 
caused by the virus SARS-
CoV-2.

• There was no COVID 18, 
17, etc. Hopefully, there 
will be no COVID-21, either.

• Primarily spread by 
droplets from cough, 
sneeze, or 
talking/singing/yelling



Vaccine History



May 14, an important date in vaccination 
history
• “Variolation” vs. “Vaccination”
• May 14, 1796: Jenner administered cowpox (pus from blisters on 

infected cows) to his gardener’s 8-year-old son, and then exposed him 
to smallpox repeatedly. The boy did not get smallpox.

• Jenner himself had been “variolated” at school, meaning he was 
starved, purged, bled and locked in a stable with other smallpox-
infected boys until the disease had run its course.

• Smallpox vaccination stopped in 1972, and the disease is now 
eradicated.



Creating Immunity, Two Ways

Active Immunity
• Vaccination

• Live organism
• Attenuated organism
• Killed organism
• Cloned piece of organism

• Natural Infection
• “Toxoids” (tetanus shot)

• Generally lasts months-years

Passive Immunity
• Maternal passage of antibodies to 

fetus across placenta
• Convalescent Plasma
• Antiserum (snake venom antidote)
• Regeneron’s monoclonal 

antibodies (i.e. what the former 
president received)

• When the antibodies go away, 
you’re back to square one 





Pfizer-Biontech and Moderna Vaccines

• Made of “mRNA” coding for 
spike, i.e. the instructions your 
cells need to make proteins

• Mixed with fat particles (like 
salad dressing) to help the 
mRNA get into your cells

• Your body produces spike 
proteins, and your immune 
system builds resistance

• Pros: Can develop a candidate 
vaccine quickly (days), generates 
strong immune response, first to 
market, rare serious side effects, 
protects >95% for symptomatic 
infection

• Cons: Freezer need, 
manufacturing slower than 
desired, STRONG immune 
response = “side effects”, rare 
allergies to components, 
unknown effect on transmission



Viral Vector Vaccines

• Includes “Sputnik V”, Oxford/AZ, 
CanSinoBio, J&J

• Contain instructions for making 
spike proteins spliced into a 
benign “cold virus” (usually 
Adenovirus, sometimes human, 
sometimes primate)

• Can be 1 or 2 doses

• Pros: simpler to make in large 
quantity, relatively rapidly 
produced, highly protective 
against serious disease, stable in 
regular freezer and fridge

• Cons: slower to market than 
mRNA, “vector” could induce 
immunity and prevent boosting 
or second use, AZ ineffective 
against South African strain



Protein Vaccines

• Purified/synthetic spike proteins, 
no genetic material

• Novovax, Covaxx, Sanofi
• 2 doses
• Fridge stable

• Pros: highly efficacious, fridge 
stable, production can be high 
and rapid

• Cons: may not cover all mutants, 
requires adjuvants (?side 
effects), not so easy to change 
production to cover a mutant



Inactivated/Attenuated Virus

• Chemically-killed virus is 
administered

• Sinovac
• 2 doses
• Fridge stable

• Pros: Simple to make (isolate a 
virus, kill it), straightforward way 
to update if mutation occurs, 
fridge stable

• Cons: ~50% effective



What About The Mutants?

















How do we test for COVID-19?

• “RT-PCR” – Reverse Transcriptase Polymerase Chain Reaction
• Tells you if there is virus genomic material in a sample
• Does not definitively rule disease in or out
• Very sensitive (>90-95%)
• Very Specific (>95-99%)
• Takes ~3 hours on an instrument, but 8-72 hours total time

• “Antigen” (Rapid)
• Detects proteins in the virus, NOT its genome
• Can operate like a drugstore pregnancy test (5 minutes)
• MUCH less sensitive than PCR, controversial as to how much this matters

• “Serology” – Antibody Testing
• Tells you if you have been exposed to virus and mounted an immune response
• We DO NOT KNOW if the immune response we detect is helpful
• ~100% sensitive by day 17, 99.6% specific



Testing CURRENTLY 
detects all mutants. 
One of the B.1.1.7 
mutations creates an 
“error” in the 
ThermoFisher test 
but we can recognize 
it (and in fact use 
this error to screen 
for it).



Vaccine Rollout in USA



Herd Immunity



Pace to “Herd Immunity”



What’s going to happen next?

• Broadening of vaccination by late Spring/Summer
• Guess: in-person school in fall
• Guess: masks through 2021, maybe into 2022
• Guess: COVID-19 booster shots (vaccines covering mutants) every 

year?
• Guess: Failure to reach herd immunity by winter, more case surges


