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The Biology of COVID-19: 
The Virus and the 

Vaccines

COVID-19 by the numbers
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SARS-CoV2

100nm

Spike Protein

Genome (RNA)

Envelope and capsid
(fat and protein)

Needs help to replicatePicture credit:  NYT

Airway Cell

ACE2

Spike

Infection with SARS-CoV2
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Airway Cell

ACE2

Spike

Infection with SARS-CoV2

1. Spike binds ACE2 and enters cell

Airway Cell1. Spike binds ACE2 and enters cell
2. Virus is replicated
• RNA genome
• Capsid and envelope
• Proteins (including Spike)

Infection with SARS-CoV2
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Airway Cell

1. Spike binds ACE2 and enters cell
2. Virus is replicated inside cell
3. Cell is damaged, new viruses escape 

Infection with SARS-CoV2

Airway Cell

ACE2

Airway Cell

1. Spike binds ACE2 and enters cell
2. Virus is replicated inside cell
3. Cell is damaged, new viruses escape
4. New viruses infect other cells 

Infection with SARS-CoV2
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The immune response to SARS-CoV2

• Damaged cells release “help” signals

The immune response to SARS-CoV2
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The immune response to SARS-CoV2

• Damaged cells release “help” signals

• Macrophages rush to site of infection 
(EARLY RESPONSE)
• Phagocytosis
• More “help” signal
• Inflammation

Macrophage
Macrophage

Macrophage

The immune response to SARS-CoV2

• Damaged cells release “help” signals

• Macrophages rush to site of infection 

(EARLY RESPONSE)

• Phagocytosis

• More “help” signal

• Inflammation

• Inflammation and macrophages 

activate adaptive response that clears 

the virus (LATE RESPONSE) (10-14 days later)

• B cells 

• Cytotoxic T cells

Macrophage
Macrophage

Macrophage

*immunological memory

COVID-19 vs SARS CoV2
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Macrophage

Macrophage

COVID-19:  Early Response Goes Awry

• Damaged cells release “help” signals

• Macrophages rush to site of infection 

(EARLY RESPONSE)

• Phagocytosis

• More “help” signal

• Inflammation

• Inflammation and macrophages 

activate adaptive response that clears 

the virus (LATE RESPONSE) (10-14 days later)

• B cells 

• Cytotoxic T cells

Macrophage

Inflammation

Fluid 

Accumulation

Fever

Blood Clots
Tissue 

Damage

Asymptomatic vs. COVID-19

*immunological memory

Airway Cell

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune 
system respond to?

1.  Outside of the cell

2.  Inside of the cell

Airway Cell

Adaptive (LATE) Immune Response Clears Virus 
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Airway Cell

ACE2

Virus OUTSIDE the cell 

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune system 
respond to?

1. Outside of Cells
2.  Inside of Cells

ACTIVATED 
B  Cell

Y Y

Y

Y

Y Y
Y

Y

Y YY Y
Y

Y

Airway Cell

ACE2

Virus OUTSIDE the cell 
Y Y

Y

Y

Antibody

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune system 
respond to?

1.  Outside of Cells B cells make antibodies Spike protein
2.  Inside of Cells

Y
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Airway Cell

Virus INSIDE of cell

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune system 
respond to?

1.  Outside of Cells B cells make antibodies Spike Protein
2.  Inside of Cells

Airway Cell

Virus INSIDE of cell

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune system 
respond to?

1.  Outside of Cells B cells make antibodies Spike Protein
2.  Inside of Cells
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Airway Cell

Virus INSIDE of cell

ACTIVATED
Cytotoxic T Cell

POISON!!

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune system 
respond to?

1.  Outside of Cells B cells make antibodies Spike Protein
2.  Inside of Cells Cytotoxic T cells Spike protein 

The immune memory response to SARS-CoV2

Where is the virus?? Immune System Tool to 
Get Rid of It

Which part of the virus 
does the immune system 
respond to?

1.  Outside of Cells B cells make antibodies Spike Protein
2.  Inside of Cells Cytotoxic T cells Spike Protein

ACTIVATED

Cyto
toxic

 T C
ell

Memory B Cells and T Cells

POISON!!
ACTIVATED 

B  Cell

Y YY

YY

MEMORY

MEMORY
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Vaccines:  Generate Immunological Memory

1. Somehow get spike proteins into our cells 

2. Activate B cells and T cells to become MEMORY B cells and T cells

Vaccines:  Generate Immunological Memory

ACTIVATED 
B  Cell

YMEMORY

ACTIVATED
Cytotoxic T Cell

MEMORY

1. Somehow get spike proteins into our cells 

2. Activate B cells and T cells to become MEMORY B cells and T cells

YY

YY
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Vaccines :  Generate Immunological Memory

ACTIVATED 
B  Cell

YMEMORY

ACTIVATED
Cytotoxic T Cell

MEMORY

1. Somehow get spike proteins into our cells

• Vaccinate with spike proteins

2. Activate B cells and T cells to become MEMORY B cells and T cells

YY

YY

Vaccines:  Generate Immunological Memory

ACTIVATED 
B  Cell

YMEMORY

ACTIVATED
Cytotoxic T Cell

MEMORY

1. Somehow get spike proteins into our cells

• Vaccinate with spike proteins

• Vaccinate with genetic information so that the cell makes spike proteins

2. Activate B cells and T cells to become MEMORY B cells and T cells

YY

YYDNA

mRNA

Protein
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Vaccines :  Generate Immunological Memory

ACTIVATED 
B  Cell

YMEMORY

ACTIVATED
Cytotoxic T Cell

MEMORY

YY

YYDNA

mRNA

Protein

Manufacturer Type of Vaccine Target for the 
Immune System

Pfizer-BioNTech, Moderna mRNA Spike Protein

Johnson and Johnson (J&J) Adenovirus Spike Protein

https://www.nytimes.com/interactive/2021/health/how-covid-19-vaccines-work.html

Vaccines :  Generate Immunological Memory

ACTIVATED 
B  Cell

YMEMORY

ACTIVATED
Cytotoxic T Cell

MEMORY

YY

YYDNA

mRNA

Protein

Manufacturer Type of Vaccine Target for the 
Immune System

Efficacy 

Pfizer-BioNTech, Moderna mRNA Spike Protein 95%/94.5%

Johnson and Johnson (J&J) Adenovirus Spike Protein 72%

852 million doses of all vaccines world wide
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Vaccines protect the people around you too!

Image credit:  PATH.org

Vaccine Trials

• Approval and/or Emergency Use Authorization:  FDA, CDC

Pfizer/BioNTech:  
• 44K people in Phase 3
• Waited for 170 people to get sick
• 162 of the cases were in placebo group
• Efficacy: 95% (relative difference)
• Continued monitoring: 200+ million doses (P&M)

NYT: 4/17/2021

From: CDC
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Johnson and Johnson Vaccine

• 43,783 people in Phase 3
• Waited for 468 symptomatic cases
• No deaths in the vaccine group, 16 in placebo group = 

high efficacy against severe COVID-19
• Efficacy: 72% (relative difference)
• Continued monitoring: more than 6.8 million doses

Vaccine Pause: 6 cases of blood clots, occur in women 
between 18-48YO, 1-2 weeks after vaccination

209M total vaccines administered

https://covid.cdc.gov/covid-data-tracker/#vaccinations
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Disproportionate Impact of COVID-19


