














































Memory Cells
If your body fights a virus once, the same virus will probably try 
to attack again.  After all the work it took to get rid of that first 
infection, it would be a shame to have to do it all over again.  An 
amazing feature of your immune system is that it remembers the 
infections it has fought. This makes it much easier to fight the 
same virus or bacteria a second, or third, or fourth time.

A Memory Cell never forgets 
Towards the end of each battle to stop an infection, some T-cells 
and B-cells turn into Memory T-cells and Memory B-cells. As you 
would expect from their name, these cells remember the virus or 
bacteria they just fought. These cells live in the body for a long 
time, even after all the viruses from the first infection have been 
destroyed.  They stay in the ready-mode to quickly recognize and 
attack any returning virus or bacteria.

Quickly making lots of antibodies can stop an infection in its tracks.  
The first time your body fights a virus, it can take up to 15 days to 
make enough antibodies to get rid of it.  With the help of Memory 
B-cells, the second time your body sees that virus, it can do the 
same thing in 5 days. It also makes 100 times more antibodies 
than it did the first time.  The faster your body makes antibodies, 
the quicker the virus can be destroyed.  With the help of Memory 
B-cells, you might get rid of it before you even feel sick.  This is 
called gaining immunity.

This graph shows how Memory 
Cells help you to better fight 
infections. At day 0, someone 
catches a virus. At day 10, her 
B-cells start making antibodies, 
and by day 15 she’s made enough 
antibodies to destroy all the 
viruses. Now, she doesn’t make 
any more antibodies, so fewer 
and fewer are left in her body. 

At day 40, the same virus gets 
in her body again. Since she has 
Memory B-cells prepared to fight, 
she can quickly make 100 times 
more antibodies than she did 
during the first infection.
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Smallpox virus
CDC, F. Murphy, Sylvia 

Cowpox virus
Cornelia Büchen-Osmond

Building Memory Cells 
without getting sick
If you get an infection, you can 
build up immunity to that specific 
virus. Another way to get immunity 
is to get a vaccine. Vaccines are very 
weak or dead versions of a virus or 
bacteria that prepare your Memory 
Cells to fight that specific virus or 
bacteria. Since vaccines help you 
gain immunity without getting sick, 
they are especially good protection 
for very dangerous illnesses.

The first successful vaccine 
was against smallpox in 1796.  
Smallpox is caused by a very 
contagious and deadly virus . 
Back then, smallpox was especially 
scary because people knew so 
little about viruses, bacteria, or 
how the immune system works.
 
It was Dr. Edward Jenner who 
noticed that young women who 
milked cows usually caught 
cowpox, but rarely caught 
smallpox.  He thought maybe 
getting cowpox prevented 
getting smallpox.  

To test his idea, Dr. Jenner tried 
infecting people with cowpox on 
purpose, and then exposed them 
to smallpox.  Amazingly, they 
didn’t catch smallpox. He didn’t 
know exactly how it worked, but 
we now know that cowpox and 
smallpox have antigens with 
similar shapes.   This means that 
Memory Cells to fight cowpox 
can also fight smallpox.  Because 
vacca means cow in Latin, Dr. 
Jenner called this type of disease 
prevention vaccination.

After Dr. Jenner’s discovery, it 
became common to vaccinate 
everyone against smallpox. It 
has been so successful that since 
1979 there have been no smallpox 
infections.

Today, we have many vaccines 
to protect us from getting sick. 
Most of these are shots, but some 
scientists are working on vaccines 
made in plants that you can eat.  
This might mean one day you 
won’t get a vaccine shot, you’ll 
just enjoy a vaccine smoothie!

Vaccinations in history
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Antibody (ant-i-body):  a molecule 
made by B-cells to trap foreign 
particles and microbes.

Apoptosis (ap-o-tow-sis): self-
destruction of a cell.

Camouflage (cam-o-flaj): use of 
colors and patterns to blend into 
the surrounding area in order hide.

Capsid (cap-sid): a protective shell 
around the genome of a virus.

Cell membrane (cell mem-brain): 
the outside layer of a cell that 
separates it from its environment.

Contagious (con-ta-gee-us): easy 
to catch from another person or 
animal.

Cytotoxins (s-eye-tow-tocks-ins): 
chemicals that kill cells.

Envelope (en-ve-low-p): part of 
a cell membrane that is stolen to 
become the outer layer of some 
viruses.

Enzyme (enz-eye-m): a protein 
molecule that can do chemical 
reactions in the body.

Genome (jee-no-m): all of the 
genetic information of an organism 
(living thing).

Homeostasis (hoe-me-o-stay-sis): 
the ability to keep a system at a 
constant condition.

Hormones (horm-oh-n): chemical 
messages released by cells or 
glands in the body.

Immune system (im-mewn sis-
stem): all the cells, tissues and 
organs involved in fighting diseases 
in the body.

Immunity (im-mew-nit-ee): having 
memory in the immune system to 
avoid getting a certain infection.

Inflammation (in-flam-a-shun): a 
response by damaged or infected 
cells to attract immune cells.

Macrophage (mac-row-fay-j): 
an immune cell that engulfs 
foreign material and dead cells by 
phagocytosis. 

Metabolism (met-a-bowl-is-um): 
what living things do to stay alive. 
This includes eating, drinking, 
breathing, and getting rid of wastes.

Molecule (mol-e-cue-l): a chemical 
structure that has two or more 
atoms held together by a chemical 
bond. Water is a molecule of two 
hydrogen atoms and one oxygen 
atom (H2O).

Mutualist (mew-chu-a-list): a virus 
or living thing that grows inside 
or alongside a living host, helping 
both of them grow better than if 
they were alone.

Pathogen (path-o-jen): a virus, 
bacteria, fungus or parasite that 
infects and harms a living host.

Phagocytosis (fay-go-s-eye-tow-
sis): the process used by some cells 
to engulf and digest foreign objects 
and dead cells in your body.

Plasma cell (plas-ma cell): an 
immune cell that comes from 
B-cells and makes and releases 
antibodies.

Prologue (pro-log): a section 
before a story or movie that 
introduces charters and important 
information.

Receptor (ree-cep-tor): a molecule 
that gets signals from the outside 
of cells by attaching to other 
molecules.

Lymph system (limf sis-stem): the 
network of vessels, tissues, and 
organs that immune cells use to 
move through the body.

Lysis (lie-sis): cell death because of 
damaged membranes.

Secrete (se-kreet): to release any 
substance, molecule, or chemical 
from a gland or cell in the body.

Smallpox (small-pocks): a deadly 
disease that causes red bumps on 
the skin.

Vaccine (vak-seen): gaining 
immune memory with antigens, or 
dead or weak viruses or bacteria, 
instead from an infection.

Unique (you-neek): one of a kind.

Words to Know

© Arizona Science Center & Ask A Biologist | Funded by the National Center for Research Resources of the National Institutes for Health | Page 24



Credits

Viral Attack was developed with the help of the Arizona Science Center 
Pathways Design Team. Graphic and website development provided by 
Arizona State University School of Life Sciences Visualization Laboratory. 
Additional photos from wikimedia.com.

Plan your next visit to the Arizona Science Center and play the part of your 
favorite Viral Attack character in the live stage production of Viral Attack.
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NO. 1
The Arizona Science Center and Ask A Biologist 
have joined forces in building Body Depot, a 
place where you can learn about your amazing 
body. Visit Body Depot online at 
askabiologist.asu.edu/body-depot

Read a real monster tale about the tiniest 
instruction manual that you carry around 
in each of your cells. Then try out Monster 
Builder, a fun game where you decode and 
build your own monsters. You can find it at 
askabiologist.asu.edu/monster-manual

MONSTER MANUAL
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