[bookmark: _Hlk47408436][bookmark: _Hlk47418208]Covid-19 Vaccines – How do they work?[footnoteRef:1] [1:  By Dr. Ingrid Waldron, Dept Biology, Univ Pennsylvania, © 2022; this Student Handout and Teacher Notes (with instructional suggestions and background biology) are available at https://serendipstudio.org/exchange/bioactivities/coronavirusvaccine. ] 


[bookmark: _Hlk86916690][bookmark: _Hlk85772659][bookmark: _Hlk85787005][bookmark: _Hlk111785351][bookmark: _Hlk111443168]Covid-19 is named after the coronavirus that causes this disease, which was discovered in 2019. A person who has been infected with the coronavirus may have no symptoms, mild or moderate illness, or severe Covid-19 that results in hospitalization and/or death. The risk of developing severe Covid-19 is much lower for:
· [bookmark: _Hlk85520161]people who have been vaccinated against Covid-19
· people who have already had Covid-19 in the past. 
[bookmark: _Hlk112564400]To understand the reasons for this reduced risk of severe Covid-19, you first need to learn about the immune response that fights a coronavirus infection.

[bookmark: _Hlk59162267]Immune Defenses against Coronavirus Infection
	When a person is infected with the coronavirus, his or her immune cells produce proteins called antibodies. Some of these antibodies can bind to the spike protein on the surface of coronaviruses. 

1a. Circle a spike protein on the coronavirus in this figure.

1b. What is the function of the spike protein?
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1c. How can antibodies that bind to the spike protein help to fight a coronavirus infection?

[bookmark: _Hlk64787672][bookmark: _Hlk60548418]


An antigen is a specific molecule in a specific virus that stimulates the immune system to respond.  In the above example, the antigen was the spike protein of the coronavirus. 

	A cell that has been infected with the coronavirus has viral antigens on the cell surface. A cytotoxic T cell can bind to these viral antigens and kill the infected cell. Phagocytic cells help to dispose of coronaviruses and dead infected cells.

2. Why is it helpful for cytotoxic 
	[image: ]


T cells to kill cells infected with the coronavirus?


[bookmark: _Hlk86916947][bookmark: _Hlk111353734][bookmark: _Hlk112564568][bookmark: _Hlk111437510]3. Based on this information, suggest a hypothesis to explain how vaccination and previous infection reduce the risk of severe Covid-19 in the future.


	[bookmark: _Hlk86471319][bookmark: _Hlk85520275][bookmark: _Hlk111353927]These graphs show the change in the concentration of antibodies in the blood after a person has been exposed to the coronavirus the first time (A) and then later a second time (B).

4. Describe the differences between the antibody response after the first vs. second exposure to coronavirus.
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[bookmark: _Hlk111785529][bookmark: _Hlk113681911]This cartoon figure shows what happens when a person is exposed to the coronavirus for the first time. Notice the multiple steps that are needed before the immune system can produce antibodies.

[image: Diagram

Description automatically generated]

[bookmark: _Hlk111786045]5. Which type of cell divides to produce daughter cells that make antibodies that can bind to coronavirus antigens?   antigen-presenting cell ___      helper T cell ___      B cell ___

[bookmark: _Hlk86734297][bookmark: _Hlk64787790]6a. Why does it take 2-3 weeks to reach peak antibody production after the first exposure to the coronavirus? What needs to happen before the immune system can produce lots of antibodies? 




[bookmark: _Hlk64864642]6b. How is the body able to produce a faster, stronger antibody response to a second infection?
[bookmark: _Hlk67029696]
When a person has a coronavirus infection, helper T cells also stimulate the cytotoxic T cells that can kill cells infected with the coronavirus. These cytotoxic T cells and the helper T cells make memory cells, which contribute to a faster, stronger immune response if the person is exposed to the coronavirus again in the future.

[bookmark: _Hlk59162203]How Covid-19 Vaccines Work

	The first two Covid-19 vaccines approved for use in the US were both mRNA vaccines. This figure shows that an mRNA vaccine uses your body’s cells to make spike proteins. These spike proteins are the antigens that stimulate an immune response.

7a. In the figure, circle the antigen that stimulates the immune response.

7b. How is the antigen produced after an mRNA vaccine has been injected?





The bottom half of this figure shows the immune response to vaccination. Notice that this response is very similar to the immune response to a coronavirus infection. 

8a. Underline the names of the three types of cells that will result in a faster, stronger immune response to any future coronavirus infection. 

8b. A second vaccine injection results in even stronger protection against Covid-19. What changes in the immune system could result in this stronger protection?




8c. Suggest reasons why a vaccinated person could benefit from a third vaccine injection (a booster shot).




9. Explain why a person cannot get Covid-19 from the mRNA vaccines.
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[bookmark: _Hlk93033977][bookmark: _Hlk63230585]
	[bookmark: _Hlk64788636][bookmark: _Hlk60119022]In an infected person, the number of coronaviruses increases each day until the person’s immune response is strong enough to stop the infection. 

In a person who has not been vaccinated or had Covid-19, the immune response to a coronavirus infection is slow. This allows more time for the coronavirus population to grow larger, so a bigger immune response is needed to control the coronavirus infection. The large coronavirus population and big immune response can result in severe Covid-19.

10. How does a vaccinated person’s immune system 
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stop the growth of a coronavirus population while it is still very small? 



[bookmark: _Hlk63231843]
The immunity that results from vaccination often stops the growth of a coronavirus population while it is so small that the person never feels sick. However, vaccination is not a 100% guarantee that a person will not get sick. For example, the following results were observed in a clinical trial that compared approximately 13,000 people who received an mRNA vaccine with approximately the same number of people who received a placebo injection. 
[bookmark: _Hlk93034040]
	
	Vaccinated
	Placebo

	Number of cases of mild or moderate Covid-19 
	11
	155

	Number of cases of severe Covid-19 
	0
	30



[bookmark: _Hlk111443613]11. Propose a hypothesis to explain why none of the people who had been vaccinated developed severe Covid-19, but a few of the vaccinated people developed mild or moderate Covid-19.




[bookmark: _Hlk111446557][bookmark: _Hlk64788767]Although vaccines can help to end the pandemic, we need to recognize some major limitations.
· The coronavirus keeps mutating and evolving. Current immune defenses are less effective against the new variants of the coronavirus. Fortunately, most vaccinated people continue to be protected against severe Covid-19.
· Weak immune systems are common among elderly people and patients who are receiving certain medical treatments, so these people are more likely to get severe Covid-19, even if they are vaccinated.

12. How can you help to protect people you interact with who may have weak immune systems and therefore may be vulnerable to severe Covid-19?


15

image3.png
Antibody response

(logarithmic scale)

Weeks
First exposure
to coronavirus

Weeks
Second exposure
to coronavirus




image4.png
Antigen-presenting cell
takes up coronavirus.

Antigen-presenting cell shows viral

Helper T cell antigen to helper T cell. The antigen
stimulates the k is the coronavirus spike protein.

B cells that can

make antibodies

that bind to the x
antigen (the spike

protein). %

B cell produces daughter - ' .
cells that make antibodies. \ Antibodies bind to antigen
Some of the daughter cells spike protein).

) Py
become memory B cells.

If the same virus infects the body in the future, memory B cells
produce a very fast and effective antibody response that quickly
eliminates the coronavirus infection before it can cause severe illness.





image5.png
J/ Cell takes up mRNA.
—— Ribosomes use mRNA

A\ instructions to make
- spike proteins.

L@ 1 /

'\spike
proteins

’\ Antigen-presenting cells take up spike
% proteln and present it to helper T cells

that respond to the spike protein.

Helper T cells stimulate cytotoxic

_ T cells and B cells that respond to

mH the spike protein. They also make
~ memory helper T cells (mH).

ﬂ{{:* ,n

Cytotoxic T cells kill infected cells. They
also make memory cytotoxic T cells (mC).

I

B cells produce antibodies that bind to

the spike protein. They also make
memory B cells (mB).




image6.png
SNJIABUOJOD JO JUnowy

Days




image1.png




image2.png
Phagocytic cell
digests dead
infected cell.

Infected cell is’

I killed by

\ cytotoxic T cell.
~

»

Ky

Phagocytic cell

engulfs and
destroys

coronavirus.




