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The Biology of COVID-19:
The Virus and the

Vaccines

COVID-19 by the numbers
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Infection with SARS-CoV2

1. Spike binds ACE2 and enters cell

Infection with SARS-CoV2

1. Spike binds ACE2 and enters cell

2. Virus is replicated
* RNA genome
* Capsid and envelope
* Proteins (including Spike)
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Infection with SARS-CoV2

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

Virus is replicated inside cell

Cell is damaged, new viruses escape
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* Damaged cells release ”help signals
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* Damaged cells release “help” signals o,

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

Macrophage

Macrophage

* 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)

* Bcells
* Cytotoxic T cells

Macrophage

Macrophage

*immunological memory
COVID-19 vs SARS CoV2
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COVID-19: Early Response Goes Awry::

* Damaged cells release “help” signals

* Macrophages rush to site of infection
(EARLY RESPONSE)
* Phagocytosis
* More “help” signal
* Inflammation
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* Inflammation and macrophages Fever
Vi

activate adaptive response that clears
the virus (LATE RESPONSE) (10-14 days later)
* Becells Blood Clots Inflammation

* Cytotoxic T cells Tissue Fluid
Damage

Macrophage

*immunological memory Accumulation

Asymptomatic vs. COVID-19

Adaptive (LATE) Immune Response Clears Virus
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Where is the virus?? Immune System Tool to | Which part of the virus
Get Rid of It does the immune
system respond to?

1. Outside of the cell

2. Inside of the cell
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Virus OUTSIDE the cell

Where is the virus?? Immune System Tool to Which part of the virus
Get Rid of It does the immune system
respond to?

1. Outside of Cells

2. Inside of Cells

Virus OUTSIDE the cell

Antibody

Where is the virus?? Immune System Tool to Which part of the virus
Get Rid of It does the immune system
respond to?

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

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

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

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

Spike Protein

Virus INSIDE of cell

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

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

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

Spike Protein
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Virus INSIDE of cell
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ACTIVATED

Where is the virus?? Immune System Tool to Which part of the virus
Get Rid of It 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-CoV?2

Where is the virus?? Immune System Tool to Which part of the virus
Get Rid of It 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
Memory B Cells and T Cells
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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

1. Somehow get spike proteins into our cells

2. Activate B cells and T cells to become MEMORY B cells and T cells
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Vaccines : Generate Immunological Memory
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MEMORY
Cytotoxic T Cell

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

Vaccines: Generate Immunological Memory

MEMORY
Cytotoxic T Cell

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
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Vaccines : Generate Immunological Memory

()
Manufacturer Type of Vaccine Target for the
Immune System
Pfizer-BioNTech, Moderna mRNA @ Spike Protein
Johnson and Johnson (J&J) Adenovirus Spike Protein

nytim

Vaccines : Generate Immunological Memory

mRNA

Protein

Type of Vaccine Target for the Efficacy
Immune System

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

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

$52 million doses of all vaccines world wide,
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Vaccines protect the people around you too!

® Susceptible  ®@Infectious  ® Immune

No vaccinations
Rc =2

75% vaccinated

R,=2
Image credit: PATH.org
NYT:4/17/2021
Va CC i n e Tri a I S PHASE 1 PHASE 2 PHASE3 AUTHORIZED APPROVED ABANDONED
Vaccines Vaccines Vaccines Vaccines Vaccines Vaccines
testing safety inexpanded in large-scale in early or approved abandoned
and dosage safety trials  efficacy tests  limited use for full use after trials
PHASE 1 PHASE 2 PHASE 3
fivirreeee
PR RDR . .
WL Pfizer/BioNTech:
20-100 .
healthy volunteers iriiiitiiiitiiiisiisisiie W Al * 44K people in Phase 3
it h““d':d’ o ri:housands * Waited for 170 people to get sick
i several hundred of volunteers X
volunteers = How do people who get the * 162 of the cases were in placebo group
® |s this vaccine safe? vaccine and people who do not . - . 0, . .
= Does this vaccine seem to work? e T (AR get the vaccine compare? Efflca_cv' 95% (r_datllve diffe renFe.)
= Aro there any serious side e R G =Is the vaccine safe? * Continued monitoring: 200+ million doses (P&M)
effects? = How are the volunteers’ = Is the vaccine effective?
= How is the size of the dose immune systems responding = What are the most common
related to side effects? to the vaccine? side effects? F .
rom: CDCH

* Approval and/or Emergency Use Authorization: FDA, CDC
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Johnson and Johnson Vaccine

PHASE 1 PHASE 2

20-100
healthy volunteers

several hundred

= Is this vaccine safe? volunteers

= Does this vaccine seem to work?
* Are there any serious side

* What are the most common
short-term side effects?

PHASE 3

hundreds or thousands
of volunteers
*How do people who get the
vaccine and people who do not
get the vaccine compare?
*Is the vaccine safe?

e 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

effects?

* How is the size of the dose
related to side effects?

= How are the volunteers’
immune systems responding
to the vaccine?

= Is the vaccine effective?

*What are the most common
side effects?

Vaccine Pause: 6 cases of blood clots, occur in women
between 18-48Y0, 1-2 weeks after vaccination

COVID-19 Vaccinations in the United States

Overall US COVID-19 Vaccine | Deliveries and Administration; Maps, charts, and data provided by CDC, updates daily by 8 pm Tt
Represents all vaccine partners including jurisdictional partner clinics, retail pharmacies, long-term care facilities, dialysis centers, Federal
Emergency Management Agency and Health Resources and Services Administration partner sites, and federal entity facilities.

Total Vaccine Doses
264,505,725
Administered 209,406,814

Delivered

Learn more about the distribution of
vaccines,

o About these data

People Vaccinated

Total

% of Total Population

Population = 18 Years of
Age

% of Population = 18 Years
of Age

Population = 65 Years of
Age

% of Population = 65 Years

of Age

At Least One Dose Fully Vaccinated

131,247,546 84,263,408
39.5% 25.4%
129,988,985 83,976,957
50.4% 32.5%
44,328,500 36,019,475
81% 65.9%

CDC | Data as of: April 18, 2021 6:00am ET. Posted: Sunday, April 18, 20

https://covid.cdc.gov/covid-data-tracker/#vaccinations

209M total vaccines administered

U.S. COVID-19 Vaccine Administration by Vaccine Type

Pfizer-BioNTech
109,122,092

Moderna
92,181,455

Vaccine Type

J&J/)anssen
7,935,549

Not Identified
167,718

0o 20M a0M 60M BOM 100M
Total Doses
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Disproportionate Impact of COVID-19

Risk for COVID-19 Infection, Hospitalization, and Death By Race/Ethnicity

Rate ratios ‘American Indian Asian, Black or His e
compared to White, or Alaska Native, Non-Hispanic African American, P tidetl
Non-Hispanic persons Non-Hispanic persons persons Non-Hispanic persons P

Cases’

Hospitalization
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city are risk markers for other underlying condit

ns that affect health luding socioeconom
and exposure to the virus related to occupation, e.g., among frontline,

ntial, and critical inf

tatus, access to health care,
ucture workers.

Age (years)

85 . 2019 W 2020

Hispanic

Non-Hispanic white Non-Hispanic black
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