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

LESSON OUTLINE

I.  Introduction
Discuss disease and epidemics.  
II. Explanation of Steps Scientists Follow to Test for a Disease
Discuss the four steps.  Explain indicators and the use of sodium hydroxide to represent the disease-causing organism.
III. Testing for a Disease - Learning to Read Positive and Negative Controls
Students use phenolphthalein (feen-ol-thail-een) and sodium hydroxide to represent a positive control test.  In terms of an epidemic, the pink color indicates the sample is from an "infected” individual, and no color indicates no infection.

IV. How Does the Disease Spread? 
Eight student volunteers are used to demonstrate how a disease spreads
V.
The Disease Spreads – Epidemic! 
The results of the spreading disease will not be correct if the procedure is not followed carefully. You will need to fill enough 3.5 oz cups about half-full of water so each student has one. Also empty the 2 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.  
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.  
Participants pour a small amount into a 1 oz cup as a control. Before starting the exchanges, participants write their names on the Observation Sheet.  A participant then picks another student to exchange with - writing the name down on the "Exchange 1” line.  One of the persons pours all of the liquid into the second person’s cup.  Then the second person pours half of the liquid back into the first person’s cup.  Students MUST walk to another part of the room before proceeding with the 2nd exchange (otherwise the “infected” cups will be isolated to a small group of friends.  The exchange procedure is followed two more times with two additional persons.

VI. Identifying Patient Zero - The Carrier
Follow the steps to identify patient zero for the group.

VII. The Cure
Have the participants with "infected” samples bring their samples to the front of the room.  Add a few drops of 0.2 M HCl to give a clear solution.

VII. Topics for Discussion

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

For each class:

20 2 oz bottles labelled “Uninfected”(contains water)

20
2oz bottles labelled”Infected” (contains 0.025 NaOH)

8
1 oz dropper bottles of phenolphthalein


20 
2 oz cups labeled “Uninfected”

20 
2 oz cups labeled.”Infected” 

8
clear 2 oz plastic cups 

8
laminated numbers (1-8)


1
1 L bottle water (to 1/3 fill plastic cups 1-7) 

1
500 mL bottle containing 0.025 M NaOH 

40 
1 oz cups


41 
3.5 oz plastic cups 

10 
sheets paper towels

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


40
Instruction/Observation Sheets

20  “How Contagious is Measles?” handout
PRE-LESSON SET-UPS

Write the following vocabulary words on the board:


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


Refer to these words as you encounter them.

For Part III: Testing for a Disease
Materials Needed For Each Pair of students
1
2 oz bottle labeled. “Uninfected – water”
1
2oz bottle labeled. “Infected – sodium hydroxide” 

1
1 oz dropper bottles of phenolphthalein (to be shared by 2 pairs)

1
2 oz cup labeled “Uninfected”
1
2 oz cup labeled “Infected”
1
Instruction Sheet
2    Observation Sheets
For Part IV:  


Place 8 1oz cups on top of the laminated numbers (1-8). 


Pour water (1/3rd fill) into cups numbered 1-7


Pour 0.025 M NaOH (1/3rd fill) into cup #8   
For Part V:  
You will need to fill enough 3.5 oz cups about 1/3rd -full of water so each student has one.

Fill (1/3rd) another 3.5 oz cup with NaOH, 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.  
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.  

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.


Accept their responses and discuss as needed.



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



•
Bacteria, viruses, protists, and prions can all cause diseases.  (Students may group all of these under the heading "germs”.)

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.  As the bacterium multiplies, it kills surrounding cells and makes it difficult to breathe.

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.

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 crawls into 

the blood stream and infects that person.  (To allay students’ fears, tell students that mosquitoes 

that carry malaria are prevalent in the tropics, not in Nashville.)
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.  

Accept their responses and discuss as needed.

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

· An epidemic is a disease that has spread to a large number of people.

· Several famous epidemics in history are the bubonic plaque, smallpox, AIDS tuberculosis, and now the Ebola virus.


· Smallpox, caused by a virus, was the leading cause of death in many countries and is believed to have killed 90% of the American Indians.  Now there are vaccinations for smallpox and the smallpox virus is believed to be under control.

· Tuberculosis (known as the "white plague”) killed 1 in 5 people.  
· The bubonic plague (known as the "black death”) killed half the people in Europe




and Asia every few centuries.  Now this plague is easily cured through medication.

· Students may be familiar with movies such as Outbreak.  In Outbreak an epidemic




of Ebola virus threatened the United States.


Ask students how a disease or an epidemic spreads.  Accept their responses and discuss as needed.

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

· 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) AIDS, Hepatitis, the common cold, flu.  Saliva can also be exchanged by eating or drinking after an infected person.  To avoid spreading diseases during the cold and flu season, people are strongly encouraged not to eat or drink after each other.

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.
Before testing those who may be infected, scientists have to set up positive and


negative controls.

a. A positive control is a sample containing the disease-causing organism.





(This sample comes from a person who definitely has the disease.)

b.
A negative control is a sample that doesn’t contain the disease-causing organism. (This sample comes from a person who doesn’t have the disease.) 
4.
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 a particular group or community).



Explain indicators to students.

When scientists want to determine the presence of a certain substance, they can use a chemical which indicates if that substance is present.  The chemical they use is called an indicator.

In the mock epidemic we are doing today, we are going to use sodium hydroxide as the disease-causing organism.  In real life, sodium hydroxide has nothing to do with diseases, but is a chemical that is used in the lab.  It is useful in this experiment because it can be detected by an indicator called phenolphthalein (feen-ol-thail-een).

When phenolphthalein is added to a solution containing sodium hydroxide, the solution will turn red or pink.  If sodium hydroxide is not present, then there will be no color change. 
For our purposes, sodium hydroxide represents the disease-causing organism.  

Tell the students that they are going to receive two samples, one containing sodium hydroxide (a base), and one containing water.  They will use phenolphthalein as an indicator to determine which sample contains the sodium hydroxide.

III. TESTING FOR A DISEASE - LEARNING POSITIVE AND NEGATIVE CONTROLS

Divide the class into pairs of students.
Materials Needed For Each Pair of students
1
2 oz bottle labeled. “Uninfected – water”
1
2oz bottle labeled. “Infected – sodium hydroxide” 
1
1 oz dropper bottles of phenolphthalein (to be shared by 2 pairs)
1
2 oz cup labeled “Uninfected”
1
2 oz cup labeled “Infected”
1
Instruction Sheet
2    Observation Sheets


Give each pair the materials listed above.

Note:  A VSVS team member will still need to give instructions, but the students can refer back to the instruction sheet as they are doing the experiments.  You will still need to guide them through the procedures, making sure they understand the instructions.
Tell students to:

1. Empty the liquid in the “Uninfected” bottle into the cup labelled “Uninfected”.
2. Empty the liquid in the “Infected” bottle into the cup labeled “Infected”.
3. Examine the two liquids to see if they can tell the difference between the two, and record their observations. [They should not be able to see a difference.]
4. Add 1-2 drops of the indicator phenolphthalein to each cup, and record their observations.  The cup with water should stay clear while the cup containing sodium hydroxide (“infected”) should turn pink indicating the presence of a base (the infection).
For our purposes, this pink color will indicate that the sample is from an "infected” individual.

Lead students to the conclusion that:

In the case of the cup with the sodium hydroxide, the infection is present, making it a positive control test.  Now we know that whenever we add phenolphthalein and the solution turns pink, then an infection (base) is present.  In terms of this epidemic, 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).  Now we know that whenever we add phenolphthalein and the solution does not turn pink, there is no infection (base) present.  In terms of the epidemic, the clear color indicates that the person is not infected with the disease.  
Note:  Leave the cups with phenolphthalein on the students’ desks to use for comparison later.
IV.
HOW DOES THE DISEASE SPREAD AND BECOME AN EPIDEMIC?  
Materials Needed For Each Class:

8
clear 1 oz plastic cups 

8
laminated numbers (1-8)


1
1 oz plastic bottle labeled C-8 (is 0.025 M NaOH)


1
dropper bottle of phenolphthalein


1
chart on the board (copy chart given below on board)


1
bottle of water
This should have been done in pre-setup:
· Place the clear 1 oz plastic cups on top of the laminated numbers 1-8.   
· 1/3 filled cups 1-7 with water.  

· 1/3 filled cup 8 with NaOH.  
 A VSVS member should do the following:

1. Copy the Exchange Sequence chart (below) on the board.
	First Exchange

	Volunteer 1 with Volunteer 5

	Volunteer 2 with Volunteer 7

	Volunteer 3 with Volunteer 6

	Volunteer 4 with Volunteer 8


2. Select SIX student volunteers and ask them to come to the front of the room.


MAKE SURE THE VOLUNTEERS ARE WILLING TO HAVE AN 
“INFECTED” SAMPLE.  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.
3. Use TWO VSVS members, to make a total of 8 volunteers in the lineup.
4. ONE of the VSVS volunteers MUST take the cup #8.  This is the infected cup.
5. As the students come to the front, hand them one of the cups containing a liquid and the corresponding numbered tag.  
6. Have the students and 2 VSVS members place the tag around their necks.  Ask them to face the class and hold the cups so the class can see them.
7. Have the 8 volunteers look at the chart on the board to see what persons they will be exchanging with for their 1st exchange. The first Exchange is 1 with 5, 2 with 7, 3 with 6, 4 with 8.  
8. 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.  Use volunteers holding cups 1 and 5 to demonstrate this.


9.
When all eight are ready, say "exchange” and allow the 1st exchange to occur.

10.  Then have the 8 volunteers line up in numerical order in front of the class.
Tell the class that you know who the 1st carrier of the infection is - #8 (one of the VSVS members).
Ask the class to look at the exchanges listed on the board and tell which students cups should now be infected. 
Add the indicator (phenolphthalein) to each of the eight cups to determine if the students were correct.  Circle the numbers of the infected samples on the chart.
Note: The two volunteers’ samples that are “infected” (pink color) are 4 and 8.

Tell the volunteers they are going to continue to spread the infection.  Tell the students to look at the 2nd exchange chart and predict who will get infected. 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


 Ask the students: At the end of the 2nd exchange, how many volunteers are now infected? [4] (#’s 4, 8, 3 and 7 will all now be pink.) 

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

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]



VI.
THE DISEASE SPREADS - EPIDEMIC!!!!!!!!!!!!!
Materials needed per student:

1 3.5 oz cup 1/2 filled with water 

1 1 oz cup

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

Materials needed for VSVS members


4 dropper bottles of phenolphthalein (from previous experiment)


1 3.5oz cup containing NaOH (for VSVS member to use in the exchanges.)
Note:  If you did not fill enough of the 3.5 oz cups half-full of water before the lesson began, do it now. Be sure that the students do not observe you when you pour the NaOH solution from the plastic bottle into the cup for a VSVS volunteer.  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.

•  You need an even number of participants in this activity, so use all classroom students, the teacher, and as many VSVS volunteers as possible while maintaining an even number.

•  One participant (a VSVS volunteer) will have a cup containing NaOH solution.  
(Don’t tell the students who has this cup since they will be trying to identify this person at the end of the activity.)  This person is patient zero - the person who introduces the disease to the community (classroom) by an outside host (VSVS volunteer).











This will also eliminate any possible stigma that one of the classroom students might feel if he/she is identified as patient zero.

1.  Give each participant a 3.5 oz. cup that is 1/3rd-filled with water.  (Remember one VSVS volunteer has the cup with the NaOH solution.)

2.  Give each participant a 1 oz. cup.  Really Really Important:  Have participants pour a small amount of their liquid into 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.  Students do not use this liquid until the end of part VII.
4.  Have all participants write their names on the top line of their observation sheet. 

5. Have all participants select a person, and write the name of that person opposite Exchange 1.
6. When one VSVS volunteer 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. Both persons should have recorded the name of the other person beside the words - Exchange 1.

7. After Exchange 1 is finished, tell students to move around the class until a VSVS member tells them to stop.  It is important that the students do NOT remain seated in their groups, but instead go to another group for the 2nd and 3rd exchanges.  If this does not happen, all the contaminated samples will be in a small sub group within the class.  

8. Everyone selects a NEW person and completes the exchange procedure for Exchange number 2.  Tell students to remember to record the name of the new person.

8.
Complete Exchange number 3 in a similar manner. All participants should now have 3 names on their observation sheets.





Exchange 1
Joe





Exchange 2
Sally





Exchange 3Todd

9.
Students, VSVS members and teacher should return to their original places and test the liquid in their 3.5 oz cups by adding 1-2 drops of the indicator, phenolphthalein.  
DO NOT TEST THE LIQUID IN THE 1OZ CUPS YET.

VII.
IDENTIFYING PATIENT ZERO -- THE CARRIER
Materials Needed:



No new materials are needed for this activity.


3.5 oz. cups, 1 oz. cups, and phenolphthalein from the previous activity will be used.

1.
Ask all participants to stand up

2.
Ask all participants with an uninfected (clear color) sample to sit down.  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.  After 3 exchanges, there should be 8 or fewer infected samples.
3.
Ask these participants to bring their 1 oz cup with the original uncontaminated liquid to the front of the room.
6
Add the indicator to the liquid in each of these 1 oz cups.  The one that turns pink identifies patient zero.     [The VSVS volunteer should be patient zero!]
Note:  Keep the 3.5 oz. cups with the infected samples.
Optional Activity:  If time permits, start with patient zero and trace the spread of the disease. Takes 5 to 10 minutes.  To trace the spread of the disease, have patient zero stand and ask the person who exchanged with patient zero on the first exchange to stand.  Then ask all persons (two more) who exchanged with those standing during the second exchange to stand.  Finally, ask all persons (four more) who exchanged with those standing during the third exchange to stand.

VIII. THE CURE

Materials Needed:


1
dropper bottle containing 0.2 M hydrochloric acid, labeled "The Cure”


infected samples from part VI


20  “How Contagious is Measles?” handout
Pass out the Measles handout




1.
Ask students how an epidemic can be stopped.


Accept logical responses. (Medication, shots or vaccines, use of antibodies)

(If students have seen Outbreak, they may suggest "by bombing the town”.  If they watch Star Trek: The Next Generation, they may suggest filtering the disease through the use of the transporter.)

2.
Tell the students that a scientist has discovered the cure and that you happen to have some with you. (Show the bottle containing O.2 M hydrochloric acid - labeled "The Cure”.) 

3.
Ask the "infected” individuals to bring their samples to the front of the room.

4.
Add several drops of the "cure” to their samples and allow the class to watch the pink color disappear. (It may be necessary to stir the sample.)

5.
Share the following information with the students:


•
Vaccinations are important in preventing epidemics. (polio, chicken pox)
Tell students to look at the “How contagious is Measles” handout.  Ask them if they remember the measles outbreak in 2014, when over 600 people were infected with the measles virus.  The majority of people infected were unvaccinated.  Point out how contagious measles is, and why.

•
Passive immunity involves using antibodies from individuals who are resistant to infection.  
CLEAN-UP

Dispose of all used liquids in cups and 1 oz cups by pouring them down the sink or into the Waste bottle.  Return all used cups to VSVS lab in the trash bag.  All UNUSED cups should be kept separated from used cups.

Return all bottles to VSVS box in an upright position.

TOPICS FOR DISCUSSION

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

•
Black Plague in Europe

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.

•
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
 Reference:  R. C. Jones, “The Plague Generation,” The Science Teacher, November, 1993, pp. 34-451.
Lesson adapted by Dr. Todd Gary, former Coordinator of VSVS, Vanderbilt University
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EPIDEMIC – Instruction/Observation Sheet
vocabulary words:  epidemic, bacteria, viruses, protists, prions, indicator, carrier. 
1. Introduction
2. Explanation Of Steps Scientists Follow To Test For A Disease
3. Testing For A Disease - Positive And Negative Controls

a. Look at the solutions in the 2 cups labelled “uninfected” -water and “infected” – sodium hydroxide.


Do they look any different?  ______________________________________

b. Add two drops of the indicator phenolphthalein to each cup.  



What color is the liquid in the “water” cup?    _______________________  



What color is the liquid in the “sodium hydroxide” cup? _______________
4. The Epidemic Spreads
c. Pour a small amount of liquid from your 3.5oz cup into the 1 oz. cup.
d. 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                   

 
_____________________________________
First Person’s Name (Exchange 1)  
_____________________________________
Second Person’s Name (Exchange 2) ____________________________________

Third Person’s Name (Exchange 3)    ____________________________________
Return to your original place and test the liquid in your 3.5 oz cup by adding 1-2 drops of the indicator, phenolphthalein. 


What color is your solution? ________________________


Is your sample “infected”?   ________________________
5. Identifying Patient Zero -- The Carrier
If you have a solution that is pink, go to the front of the class.

Ask these participants to bring their 1 oz cup with the original uncontaminated liquid to the front of the room.

Add the indicator to the liquid in each of these 1 oz cups.  The one that turns pink identifies patient zero.     

6.  The Cure
The VSVS team will explain this step.  

A VSVS member will add several drops of the "cure” to your sample.

What happens to the pink color? __________________ 
Answer: EPIDEMIC – Instruction/Observation Sheet
vocabulary words:  epidemic, bacteria, viruses, protists, prions, indicator, carrier. 
6. Introduction
7. Explanation Of Steps Scientists Follow To Test For A Disease
8. Testing For A Disease - Positive And Negative Controls

e. Look at the solutions in the 2 cups labelled “uninfected” -water and “infected” – sodium hydroxide.


Do they look any different?  ____No__________________________________

f. Add two drops of the indicator phenolphthalein to each cup.  



What color is the liquid in the “water” cup?    __Clear_____________________  



What color is the liquid in the “sodium hydroxide” cup? _____Pink__________
9. The Epidemic Spreads
g. Pour a small amount of liquid from your 3.5oz cup into the 1 oz. cup.
h. 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                   

 
________Joe_____________________________
First Person’s Name (Exchange 1)  
________Sally_____________________________
Second Person’s Name (Exchange 2) ________Pat____________________________

Third Person’s Name (Exchange 3)    ________Bill____________________________
Return to your original place and test the liquid in your 3.5 oz cup by adding 1-2 drops of the indicator, phenolphthalein. 


What color is your solution? ________________________


Is your sample “infected”?   ________________________
10. Identifying Patient Zero -- The Carrier
If you have a solution that is pink, go to the front of the class.

Ask these participants to bring their 1 oz cup with the original uncontaminated liquid to the front of the room.

Add the indicator to the liquid in each of these 1 oz cups.  The one that turns pink identifies patient zero.     

6.  The Cure
The VSVS team will explain this step.  

A VSVS member will add several drops of the "cure” to your sample.

What happens to the pink color? __disappears________________ 
Note:   Dispose of all liquids in waste container or sink.








10
Your Notes:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


