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GOAL:  To demonstrate how an epidemic spreads and how the carrier is identified.

Fits Tn state standards:
Lesson Plan

1. Introduction

Introduce diseases and how they are spread 

MATERIALS:   Note: (Keep all caps with the correct bottles)


1
ziploc bag containing: 



1
1 oz plastic bottle of water




1
1 oz plastic bottle of 0.025 M NaOH




4
1 oz dropper bottles of phenolphthalein




1
6 oz cup labeled H2O 




1
6 oz cup labeled 0.025 M NaOH


1
ziploc bag containing:  




8
clear 6oz plastic cups - labeled with a number from 1 - 8



8
1 oz. plastic bottles labeled C-1 through C-8 (all but C-8 are filled with water; C-8 is filled with 0.025 M NaOH)

1
ziploc bag containing:  



35
1 oz cups




35
3.5 oz plastic cups (fill 31 to first ridge with water)




1
1 oz plastic bottle filled with sodium hydroxide (0.025 M NaOH) solution


10
paper towels


1
funnel



2 
liters of water (to 1/3rd-fill the cups)


1
1 oz dropper bottle of 0.2 M hydrochloric acid  - labeled "The Cure”


1
1-liter bottle labeled - Used Solutions for Waste






1 
pencil per student (have students use their classroom pencils)


35
Instruction Sheets


35
Observation Sheets

PRE-LESSON SET-UPS

Write the following vocabulary words on the board:


epidemic, pandemic, bacteria, viruses, protists, prions, indicator, carrier.


Refer to these words as you encounter them.

For Part IV:  



1.  Open Ziploc bag containing the 8 numbered 6oz cups


2.  Line up the 6oz clear plastic cups labeled 1 - 8. 

 




3.  Match bottles with cups and empty into cups.  


4.  Make sure bottle C-8 is emptied into cup 8 (contains 0.025 M NaOH).

For Part V:  Do not hand out cups to students until you are ready to do this part of the experiment.
1. Open Ziploc bag  containing the 3.5oz cups and remove the cups and the plastic 


bottle of 0.025 M NaOH.

2.
Fill enough 3.5 oz cups about 1/3rd-full of water so each student has one (fill to 



the first ridge of the cup).   


3.
Empty the 1 oz bottle of NaOH in another 3.5 oz cup, making sure students do not 
see you do this.  Keep this cup separated from the others and be sure a VSVS volunteer gets this cup.  This person will later be identified as patient zero.  

4.
You will need an even number of participants for this activity so use all classroom students, the teacher, and as many VSVS volunteers as possible to have an even number.  Each participant gets a 3.5 oz cup 1/3rd-filled with water.

I.
Introduction
This lesson allows the class to participate in a "mock” epidemic that spreads throughout the class undetected.  Afterwards, the class will use an indicator to determine who was the carrier, who has been "infected”, and how the disease spread.

Ask the students what causes a disease.


The following information may be helpful to you in this discussion.


For VSVS members information only:


Bacteria, viruses, protists, and prions can all cause diseases. Examples of these are: 
1. Bacteria - strep throat is an example of a disease caused by a bacterium. Bacteria are one-celled microscopic organisms.  Although most bacteria are harmless to humans, some bacteria are harmful and produce disease in a number of ways.   For example, tuberculosis is caused by a bacterium that grows in the tissues of the lungs.  The bacteria cause other cells in the lung to malfunction, damaging the organ.


2. Virus - AIDS and the flu are examples of diseases caused by a virus.  A virus is a large molecular framework that includes a protein coating that surrounds the DNA or RNA that contains the genetic information for the virus.  Viruses cause many other infectious diseases, such as measles, chicken pox, and mononucleosis.
3. Protist - Malaria is an example of a disease caused by a protist.  The protist is housed in the mosquito’s salivary glands.  When an infected mosquito bites a person the protist is transferred to the human host via the blood. 

4. Prion - "Mad Cow’s Disease” is caused by a prion.  This single protein, discovered in 1993, causes the crystallization of proteins in the nervous system, which can lead to death.  The discovery that proteins alone can transmit an infectious disease came as a considerable surprise to the scientific community.  Scientists did not expect diseases to be caused by anything smaller than a virus.

Ask the students what they know about epidemics.  





An epidemic is an outbreak of disease confined to one part of the world, such as a single country.  The number of new cases of the disease must exceed what is expected.

A pandemic is an outbreak of disease that occurs over a wide geographical area generally affecting a significant proportion of the world’s population. (Ref. Encyclopedia Britannica)

There have been a number of pandemics throughout history, such as smallpox and tuberculosis.  More recent pandemics include the HIV pandemic and the 2009 influenza pandemic.  More information is included at the end of this lesson. 
Ask students how a disease or an epidemic spreads.


Not all contagious diseases are spread in the same manner.


Some diseases are spread through the air (airborne) -- the common cold, flu.


Some diseases are spread through the water (waterborne) -- cholera.


Some diseases are spread through the exchange of body fluids (saliva, blood), eg

AIDS, Hepatitis, the common cold, flu.  Saliva can also be exchanged by eating or 

drinking after an infected person.  
II.
Explanation of Steps Scientists Follow To Test for a Disease
Explain the steps scientists follow to test for a disease.

1.
When an epidemic breaks out, scientists first try to discover which organism caused 

the epidemic.

2.
Once the organism is identified, scientists develop a way to test for the presence of 

this organism.

3.
Once the test is developed, scientists do three things:



a. Find out how many people are infected.



b. Determine how the infection spreads (air, water, body fluids).



c. Identify patient zero (the first carrier - the person that transmitted the disease to 
                the group).




III. Testing For a Disease - Learning Positive and Negative Controls
Materials

1
ziploc bag containing: 


1  1 oz plastic bottle of water and 1 6 oz cup labeled H2O 



1  1 oz plastic bottle of 0.025 M NaOH and 1 6 oz cup labeled 0.025 M NaOH


1  1 oz dropper bottle of phenolphthalein

A VSVS member should do the following:
1. Add the water to 1 cup (labeled water) and 0.025 M NaOH to the other labeled 6 oz cup.

2. Show the students the cups, and tell them that one of the cups contains a disease-
causing organism.  (For our purposes, sodium hydroxide represents this disease-
causing organism.)  
3. Ask the students if they can tell which solution is “infected”?  (They are both clear.)
4. Tell the students that we can tell which solution is infected by adding an indicator.

5. Add a squirt of the indicator phenolphthalein to each cup.

The cup with water will stay clear while the cup containing sodium hydroxide will turn pink indicating the presence of a base.

For our purposes, this pink color will indicate that the sample is "infectious”.
6. Lead students to the conclusion that . . . 
In the case of the cup with the sodium hydroxide, the change in color makes it a positive control test.  The pink color indicates that the sample is infected with the disease.

The cup containing only water did not change color, and was therefore a negative control test. The clear color indicates that the sample is not infected with the disease.  


IV.
  How Does A Disease Spread?
Materials Needed: 


1  ziploc bag containing: 



8  clear 6oz plastic cups - labeled with a number from 1 - 8


8  1oz plastic bottles labeled C-1 through C-8 (C-1 through C-7 are water;



     C-8 is 0.025 M NaOH.)



1  dropper bottle of phenolphthalein



1  chart (below) put on the board
1. The following should have been done at the beginning of the lesson: line up the clear 6oz plastic cups labeled 1 – 8 with the bottles labeled C-1 through C-8.  Match bottles with cups and empty bottles into cups, making sure bottle C-8 is emptied into cup 8.
2. A VSVS member should copy the Exchange Sequence chart (below) on the board.
	Exchange Sequence

	Volunteer #1 with Volunteer #5

	Volunteer #2 with Volunteer #7

	Volunteer #3 with Volunteer #6

	Volunteer #4 with Volunteer #8


3.  
Select SIX student volunteers and ask them to come to the front of the room.
4.    MAKE SURE THE VOLUNTEERS ARE WILLING TO HAVE AN   “INFECTED” SAMPLE.  Note: Explain to the students that when you refer to a person being infected, you mean the sample that they are holding, NOT the person holding the sample.
5.    Use TWO VSVS members, to make a total of 8 volunteers in the lineup.  ONE of the VSVS volunteers takes the cup #8.  This is the infected cup.
6.    Hand the other numbered cups (1-7) to the other volunteers.  Then have the 8 volunteers line up in numerical order in front of the class and ask them to face the class and hold the cups so the class can see the numbers.


7. Have the 8 volunteers look at the chart on the board to see what persons they will 

be exchanging with for their exchange. The first Exchange is 1 with 5, 2 with 7, 3 with 6, 4 with 8.  
8. Have the VSVS volunteer with cup #8 and volunteer with cup #4 demonstrate this:  tell the volunteers that when you say the word exchange, the first person should pour all of the liquid into the second person’s cup.  The second person pours half of the liquid back into the first person’s cup.  When all are ready, say "exchange” and allow this exchange to occur.
9. Tell the class that you know who the 1st carrier of the infection is - #8 (one of the VSVS members).
10. Ask the class to look at the exchanges listed on the board and hypothesize which students should be infected. 
11. Add the indicator (phenolphthalein) to each of the eight cups to determine if the students are correct.  Circle the numbers of the infected samples on the chart.
12. Note: The two volunteers’ samples that are “infected” (pink color) are 4 and 8.

13. Tell the volunteers they are going to continue to spread the infection.  Tell the volunteers to do a second exchange by following the 2nd sequence.

	Second Exchange Sequence

	Volunteer #1 with Volunteer #2

	Volunteer #3 with Volunteer #8

	Volunteer #4 with Volunteer #7

	Volunteer #5 with Volunteer #6


14.  Ask the students: at the end of the 2nd exchange, how many volunteers were infected?  [4] (#’s 4, 8, 3 and 7)

In general, the number of people infected doubles with each exchange.

For advanced classes:  based on this mathematical concept, ask the class how many exchanges it would take for one person to infect a classroom of 30.  [30 people are infected in 5 exchanges: first exchange - 2, second exchange - 4, third exchange - 8, fourth exchange - 16, fifth exchange - 32]




V.
The Disease Spreads – Epidemic

Materials Needed:


32

3.5 oz cups (filled to first ridge with water before the class starts)


1

1 oz plastic bottle of NaOH to add to the cup listed below 



1 

3.5 oz cup 
(empty the bottle labelled 0.025 M NaOH into this cup)


4

dropper bottles of phenolphthalein 


32

1 oz cups


32

observation sheets


32

pencils (have students use their own pencils)
Because you need an even number of participants in this activity, use all students, teachers, and as many volunteers as possible while maintaining an even number.

Don’t tell the students who has he infectious cup since they will be trying to identify these people at the end of the activity.  










1. Give each participant a 3.5 oz. cup that is half-filled with water (to first ridge).  (Give the infected cup (the NaOH solution) to the VSVS member.)
2. Give each participant a 1 oz. cup. 
3. IMPORTANT:  Have participants pour a small amount of their liquid in this 1 oz. cup and set it on their desks until the end of the activity.  This "uncontaminated” liquid will be the control and will not be exchanged. This liquid may be needed at the end of the activity to definitely identify patient zero.
4. Have all participants write their names on the top line of their observation sheet. 
5. Have all participants select an exchange person, and tell both person to write the names opposite the words Exchange 1.
6. When the teacher says, "Exchange”, one of the persons in each pair should pour all of the liquid in his/her 3.5 oz cup into the second person’s 3.5 oz cup.  The second person should pour half of the liquid back into the first person’s cup. 
7. After Exchange 1 is finished, have everyone select a new exchange person and complete the exchange procedure for Exchange 2.  Remember to record the name of the new person.
8. Complete Exchange 3 in a similar manner. All participants should now have 3 names on their observation sheets.

a. Exchange 1
Joe 
b. Exchange 2
Sally 
c. Exchange 3 
Todd 
9. Students and teachers should return to their original places.
10. VSVS members will now test the liquid in all the 3.5 oz cups by adding 2-5 drops of the indicator, phenolphthalein.  
The liquid in the 1oz cups must not be tested at this point.
VI.
  Identifying Patient(s) Zero -The Carrier
Materials Needed:


The 3.5 oz. cups and 1 oz. cups from the previous experiment, and the dropper bottles of phenolphthalein.
1. Ask all participants to stand up.
2. Ask all participants with an uninfected, clear, no color sample to sit down. 
3.  Ask all participants with pink solutions to bring their observation sheets and come to the front of the class.  They are the ones with infected samples.  There should be 8 or fewer 
individuals.
4. Ask the persons with “infected” samples to look around their group of 8 still standing 
and identify the people they used in their FIRST exchange.  They will need to
look at the names on their observation sheets to confirm this.  
5. If they did not exchange with any of these persons, then they should sit down.









6. At this point, only 2 participants should be standing.  One of these participants is the 
carrier who introduced the epidemic to the class.
7. Ask these participants to bring their 1 oz cup with the original liquid to the front of 
the room.
8. Add the indicator to the liquid in each of these 1 oz cups.  The one that turns pink 
identifies the carrier.  

VII.   Optional Activity:  Tracing the Spread 
If time permits, start with the carriers and trace the spread of the disease. This takes 5 to 10 minutes.  To trace the spread of the disease, have the carriers stand and ask the persons who exchanged with them on the first exchange to stand.  Then ask all persons who exchanged with those standing during the second exchange to stand.  Finally, ask all persons who exchanged with those standing during the third exchange to stand.

VIII.
Optional:  Topics for Discussion
These topics can be discussed if the introductory conversation with your students (see page 4 in manual) has been done.

I.
Vaccines And Cures


Vaccines prevent people from getting infected; while cures are designed to treat infected people. 

With each new disease that humans face, scientists first try to find ways to cure those who are infected and second try to find ways to prevent the disease from spreading to people who are not infected. Often different scientists work on these problems simultaneously.

In the United States, this work is coordinated through the CDC (Center for Disease Control) in Atlanta.









Most children receive vaccines for smallpox, polio, and the measles.

Animals are also subject to epidemics, so animals are given vaccines for diseases such as rabies and feline leukemia.

II.
Famous Epidemics
A.  Black Plague in Europe (the bubonic plague)
When Genghis Khan attacked Istanbul in the Middle Ages, the city was well fortified by city walls.  Several of the men in Genghis Khan’s army died of the black plague.  Genghis Khan had these dead bodies catapulted over the city walls in an attempt to infect the inhabitants with black plague. Many people in the city did get sick with this disease.  Several people escaped from Istanbul, left Turkey, and carried the epidemic to Europe. As a result, 25% of all Europeans died of the black plague.  Now this plague is easily cured through medication.
B.  Smallpox in North America


The Spaniards brought smallpox to North America in the 1500’s.  It is estimated that 95% of the 20 million Native Americans died from smallpox.  The Mayans, Incas, and other Indian tribes had no immunity to this disease. Cortez, the Spaniard who led the conquest of the Mayans, was a carrier of smallpox.  He survived smallpox as a child and bore the scars as an adult.  Now there are vaccinations for smallpox and the smallpox virus is believed to be under control.

C.  Tuberculosis (known as the "white plague”) killed 1 person in 5.  

D.  The influenza pandemic of 1918–19 originated in Kansas and spread to Europe, 


Asia, and islands in the South Pacific. H1N1 pandemic started in Mexico.

Reference:  R. C. Jones, “The Plague Generation,” The Science Teacher, November, 1993, pp. 34-451.
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EPIDEMIC  Observation Sheet

THE EPIDEMIC SPREADS

1.  Pour a small amount of liquid from your 3.5oz cup into the 1 oz. cup.

2.  Set it on your desk until the end of the activity.  This "uncontaminated” liquid in the 1oz cup is the control and will not be exchanged. This liquid may be needed at the end of the activity to definitely identify patient zero.

Your Name                   

 __________________________________
3.  First Person’s Name (Exchange 1)  

 __________________________________
4. Second Person’s Name (Exchange 2 ) 


__________________________________
5.  Third Person’s Name (Exchange 3)

  __________________________________
6.  Return to your original place. A VSVS member will test the liquid in your 3.5 oz cup by adding a few drops of the indicator, phenolphthalein. 

What color is your solution?________________________

Is your sample “infected”?   ________________________

vocabulary words:  epidemic, pandemic, bacteria, viruses, protists, prions, indicator, carrier.
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EPIDEMIC  Observation Sheet

THE EPIDEMIC SPREADS

1.  Pour a small amount of liquid from your 3.5oz cup into the 1 oz. cup.

2.  Set it on your desk until the end of the activity.  This "uncontaminated” liquid in the 1oz cup is the control and will not be exchanged. This liquid may be needed at the end of the activity to definitely identify patient zero.
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 __________________________________
3.  First Person’s Name (Exchange 1)  

 __________________________________
4. Second Person’s Name (Exchange 2 ) 


__________________________________
5.  Third Person’s Name (Exchange 3)
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6.  Return to your original place. A VSVS member will test the liquid in your 3.5 oz cup by adding a few drops of the indicator, phenolphthalein. 

What color is your solution?________________________

Is your sample “infected”?   ________________________

vocabulary words:  epidemic, pandemic, bacteria, viruses, protists, prions, indicator, carrier.

Background Information for VSVSers:


Phenolphthalein is an indicator used to determine the presence of a base (an alkaline solution with pH greater than 7).  If the indicator is added to a solution containing a base, then the solution will turn red or pink.  If the base is not present, then there will be no color change.  





Note:   Dispose of all liquids in waste container or sink. Put all used cups in plastic bag, to be returned to the VSVS lab.





Notes: Each student will need a pencil and observation sheet to record the exchanges.


If you did not fill enough of the 3.5 oz cups 1/3rd-full of water before the lesson began, do it now (fill to the first ridge of the cup).  Be sure that the students do not observe you when you pour the NaOH solution from the plastic bottle into the cup for the infectious person.  Keep this cup separated from the others and be sure a VSVS member gets it.
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1

