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Preface

SUMMARY OF THE UNIT

Should high schools require vaccination for bacterial meningitis of all students?  College students get bacterial meningitis vaccination.  Why get vaccinated?  Where did vaccination come from?  Why do epidemiologists look at who has come in contact with infected?  What is the biology (math) we want to cover?

1. How antibiotics work/resistance

2. Describe how bacteria can be transmitted through a community

3. Literal equations

4. Algebraic sub-notation

5. Spreadsheet technology

6. Recursive equations

7. ???

8. ???

CONCEPTS AND SKILLS (specific grade levels???)
Mathematics: DM others???
Recursive sequences

Fibonacci sequences

Converging sequences

The Golden Ratio

R0 as the potential for a contagious disease to spread through a given population

R0  =  βκD

Biology:RP

WHAT ELSE? RP/DM

OBJECTIVES

1. Understand the basic reproductive rate R0 as a measure how the components 

2. Describe how disease spread is related to the number of contacts

3. Understand relationship between immunity and vaccination

4. ??

EXTENSIONS:

TIMELINE:

	Day
	Topics
	Materials
	Homework/Assessment

	1
	Tracking Bacterial Meningitis

Intro to Epidemiology
	OCHD Case study

Biology background
	JAMA Case Study

Student research

	2
	Basic Reproductive Rate (R0)

Components of R0

Control of bacteria lab
	Control Of Bacteria

Bacteria, Antibiotic discs
Calculating R0 Values


	Lab completion

Calculating R0 Values

	3
	R0 as Epidemic Potential

Vaccination rate: Impact on R0
Recursive formulas


	The College of Aard Knox

Back to Aard Knox
	Classwork: The College of Aard Knox

Homework: Back to Aard Knox

	4
	Converging sequences


	Now-Next Generator Fibonacci calculator 

(websites or worksheets)
	Completion of Lab

Now-Next Generator & Fibonacci worksheets

	5
	SIR model with recursive equations
	Computer access: create SIR spreadsheet
	????

	6
	Assessment
	?????
	Use SIR spreadsheet to solve final question.


WHERE TO FIT INTO CURRICULUM

PREFACE (cont.)

STANDARDS

National Science Standards


· Evidence, models, and explanation 

· Constancy, change, and measurement 

· Evolution and equilibrium 

· Abilities necessary to do scientific inquiry 

· Understandings about scientific inquiry 

· Personal and community health 

· Population growth 

· Behavior of organisms

· Natural and human-induced hazards 

· Science and technology in local, national, and global challenges 

National Council of Teachers of Mathematics Standards for Grades 9-12

Number and Operations Standard 

Understand meanings of operations and how they relate to one another

· judge the effects of such operations as multiplication, division, and computing powers and roots on the magnitudes of quantities

Compute fluently and make reasonable estimates

· judge the reasonableness of numerical computations and their results

Algebra Standard

Understand patterns, relations, and functions

· generalize patterns using explicitly defined and recursively defined functions

· analyze functions of one variable by investigating rates of change, intercepts, zeros, asymptotes, and local and global behavior

Represent and analyze mathematical situations and structures using algebraic symbols

· understand the meaning of equivalent forms of expressions, equations, inequalities, and relations

Use mathematical models to represent and understand quantitative relationships

· use symbolic expressions, including iterative and recursive forms, to represent relationships arising from various contexts

· draw reasonable conclusions about a situation being modeled

Analyze change in various contexts

· approximate and interpret rates of change from graphical and numerical data

Measurement Standard 

Apply appropriate techniques, tools, and formulas to determine measurements

· apply informal concepts of successive approximation, upper and lower bounds, and limit in measurement situations

Data Analysis and Probability Standard 

Formulate questions that can be addressed with data and collect, organize, and display relevant data to answer them

· understand the differences among various kinds of studies and which types of inferences can legitimately be drawn from each

Problem Solving Standard 

· build new mathematical knowledge through problem solving 

· solve problems that arise in mathematics and in other contexts 

· apply and adapt a variety of appropriate strategies to solve problems 

· monitor and reflect on the process of mathematical problem solving

Reasoning and Proof Standard 

· recognize reasoning and proof as fundamental aspects of mathematics 

· make and investigate mathematical conjectures 

· select and use various types of reasoning and methods of proof

Communication Standard 

· organize and consolidate their mathematical thinking through communication 

· communicate their mathematical thinking coherently and clearly to peers, teachers, and others 

· analyze and evaluate the mathematical thinking and strategies of others 

· use the language of mathematics to express mathematical ideas precisely

Connections Standard

· recognize and use connections among mathematical ideas 

· understand how mathematical ideas interconnect and build on one another to produce a coherent whole 

· recognize and apply mathematics in contexts outside of mathematics

Representation Standard

· create and use representations to organize, record, and communicate mathematical ideas 

· use representations to model and interpret physical, social, and mathematical phenomena

Before you begin this module:

You may want to prepare a microbiology lab to grow bacteria.  Students can collect bacteria from various sources around the school such as the phones, garbage cans, computer key board, desk tops, lunch tables, door handles, air from the various offices (including the health/nurse’s office), banisters from stairways.

After incubation is begun, have the students check the plates each day.

Preparing the plates:

Background Information:

Agar is a gelling agent extracted from red seaweed. Nutrient agar is a commonly used food medium for microbial cultures. Nutrient agar contains: 

· beef extract (provides carbohydrates, nitrogen, vitamins, salts)  

· peptone (helps control pH)  

· agar (a carbohydrate used as a solidifying agent)  

· distilled water (an agent for distributing food materials to  growing colonies of micro-organisms) 

Materials: 
agar powder


lab thermometer

 
distilled water 


sterile Petri dishes (plastic) 


flask or beaker


flame or boiling mixture

 
glass stir rod


heat-resistant hand protection




 
 NOTE: Keep sterile Petri dishes closed until ready to pour agar into them. Air-borne contaminants can easily invade an open Petri dish. 

Procedure:

1. Measure agar and distilled water into clean flask or beaker. 
Recipe: Agar + Distilled Water = Yield   

	Agar
23 g
11.5 g
9.2 g
4.6 g
	+ Distilled Water
1000 ml
500 ml
400 ml
200 ml
	= Yield
50 plates
25 plates
20 plates
10 plates


2. Flame-sterilize a clean glass stir rod to stir the medium as it melts. 

3. While wearing heat-resistant hand protection, hold the flask or beaker over the flame. Swish or stir the mixture constantly while heating. 

4. Boil the mixture for 1 minute. Remove from heat. 

5. Place a sterile lab thermometer in the mixture and monitor the temperature until it falls to approximately 45 - 50° C.  If a lab thermometer is not available, cover and let stand a few minutes. 

6. Pour enough melted agar into each sterile plastic Petri dish to cover the bottom - about 1/8" to 1/4" deep. Replace the lid immediately. 

7. Place agar plates on a counter top to cool and set. Agar medium will set like stiff gelatin at room temperature. 

8. The agar medium is now ready for storage or use. 

Storage: 

Stack agar plates upside down in the refrigerator. DO NOT FREEZE! The purpose of placing the plates upside down is to prevent condensation from dripping down onto the agar surface which could then facilitate movement of organisms between colonies. 

Inoculating the Plates

1. If plates have been refrigerated, set them out and allow them to warm to room temperature, keeping them upside down. 

2. Sterilize the loop.

· To sterilize the loop, hold the handle with a pot holder and place the tiny looped wire in a flame until it turns bright red 

· Allow the loop to cool for 3 - 5 seconds before touching the collection area. 

· Re-sterilize the loop after each inoculation. 

· Do not allow the loop to touch any surface other than the collection area and the agar. 

3. Uncover each agar plate just long enough to inoculate the medium. Hold the Petri dish lid directly over the Petri dish (or tilt the lid just enough to allow the loop inside) while inoculating the medium to help prevent contamination from air-borne particles. Do not allow the loop to touch the Petri dish. 

4. Do not dip the loop in the agar; let it glide over the surface. 

5. Make a pattern of inoculation lines (parallel lines, tic-tac-toe, zigzag, initials, etc.) to help determine that what is growing is what you put there and not an air-borne contaminant. 

6. Place the cover back on the plate immediately. 

Incubating the Plates:

Turn the plates upside down and put them in a warm place. The ideal temperature for incubation is 32° C or 90° F. Bacterial growth should start to become visible in about 2 -3 days. 

http://www.sciencestuff.com/nav/instructions/agar1.htm
For streak plates, you can use a concentration of 1.0 g/L Bacto Peptone. There are many other kinds of nutrient agar that can be used to obtain individual colonies. Since bacteria grow differently on different kinds of nutrient agar, you may find that one works better than another for you. One standard nutrient agar is Luria-Bertani (LB). 
Luria-Bertani (LB) Medium:

· liter of distilled water 

· 15.0 g Bacto Agar 

· 10.0 g NaCl 

· 10.0 g Bacto Tryptone

· 5.0 g Yeast Extract 

DAY 1

Case Study:  Your Role As An Epidemiologist

QUESTIONS:

???????   RP

What information is needed to make a decision about the transmittance of a disease?

Why is it important to know the latent period of the bacteria?

TEACHER BACKGROUND MATERIAL:

The OCHD case study will introduce students to the concept of case control studies.  The function of a case control study is to trace the source of the pathogen back through time.

· Cut the case study into its three pieces.
· Ask the class to define epidemiology
· The students will have the role of the an epidemiologist (anticipatory set)

· Have the students in groups of 3 or 4

· At the beginning of the class hand each group section 1

· Have the students read, and discuss what information is contained and what conclusions can be made.  What other information is needed or what other questions are raised?

· After 10 minutes repeat with section 2.

· Have the students read, and discuss what information is contained and what conclusions can be made.  What other information is needed or what other questions are raised?

· After 10 minutes repeat with section 3.

· Have the students read, and discuss what information is contained and what conclusions can be made.  What other information is needed or what other questions are raised?

The students will be reading the JAMA case study for homework

Prepare Plates for Day 2 This lab activity is not required in completing the module

PRIOR TEACHING:

Bacterial replication

HOMEWORK: 

A. The students will research microorganisms that are possible solutions to the case study read in class.

1. How many people may have come in contact with the patient in the OCHD case study?

2. Why would the number of contacts be important?

3. The students will research infectious disease.  “Choose two diseases caused by bacteria.  Please note how the pathogen is transmitted, symptoms and method of treatment.”  Student responses should be no longer than a page.

Note: Could be handed in at the conclusion of the module or included in a journal

B. The students will read the JAMA case study and compare and contrast to OCHD case study used in class; the JAMA case study may be found online at: 

http://bioterrorism.slu.edu/bt/education/large_p.htm
Case Study:  Your Role As An Epidemiologist

National Center for Infectious Diseases and Epidemiology Program Office, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA. 

Context: Oxnard County Health Department (“OCHD”) received information from the Oxnard Community Medical Center; several patients have appeared exhibiting the following symptoms: Stiff neck, severe headaches, nausea, and discomfort looking into bright lights

The problem confronting the OCHD: What could be the cause of the sudden rise in these symptoms?

New Information – Part 2


From OCHD’s interview of the individual who initially presented the symptoms, the observations are as noted:

· The patient worked part-time as a waiter at a local restaurant

· The patient is a full-time student attending the College of Aard Knox

· The patient lives on campus with 4 roommates

· The patient is a member of the intramural co-ed volleyball team at Aard Knox which played a game the night before the patient reported to the hospital.

Questions posed by the OCHD:

1. Who is the source of the infection? 

2. What microorganism is causing the infection?

3. How is it transmitted?

4. Who could be most susceptible for contracting the illness?  Why?

New Information – Part 3

From OCHD’s interview of the patient’s roommates, it was discovered that the patient had developed a cough over the 1-2 days prior to reporting to the hospital.

OHCD observed 3 days later that:

· 2 people from the Aard Knox volleyball team reported sleepiness

· 1 room mate reported having nausea

· 1 room mate reported having headaches

Answer the following:

1. Where do you think the infection originated?  Why?

2. What do you think is the incubation period (duration of being infectious)?  Why?

3. Should the OCHD consider vaccinating against the disease? If so, who and how may people should be vaccinated.  If not, how else could this be treated? State reasons for your answer.

Case Study:  Your Role As An Epidemiologist

Answer the following:

1. Where do you think the infection originated?  Why?

The waiter was infected

2. What do you think is the incubation period (duration of being infectious)?  Why?

The incubation period is 2-3 days

3. Should the OCHD consider vaccinating against the disease? 

Answers will vary depending on reasoning.

If so, who and how may people should be vaccinated.  

If yes, answers will vary depending on reasoning.

If not, how else could this be treated? 

If no, answers should be fully justified in reasoning, but this answer should NOT be selected.

State reasons for your answer.

Answers should be based on sound reasoning and fully justified.

 Case Study 1: JAMA 1997 Aug 6;278(5):389-95


A large community outbreak of salmonellosis caused by intentional contamination of restaurant salad bars.

Torok TJ, Tauxe RV, Wise RP, Livengood JR, Sokolow R, Mauvais S, Birkness KA, Skeels MR, Horan JM, Foster LR
National Center for Infectious Diseases and Epidemiology Program Office, Centers for Disease Control and Prevention, Atlanta, Ga 30333, USA. 


CONTEXT: This large outbreak of food borne disease highlights the challenge of investigating outbreaks caused by intentional contamination and demonstrates the vulnerability of self-service foods to intentional contamination.


OBJECTIVE: To investigate a large community outbreak of Salmonella Typhimurium infections. 


DESIGN: Epidemiologic investigation of patients with Salmonella gastroenteritis and possible exposures in The Dalles, Oregon. Cohort and case-control investigations were conducted among groups of restaurant patrons and employees to identify exposures associated with illness.


SETTING: A community in Oregon. Outbreak period was September and October 1984. 


PATIENTS: A total of 751 persons with Salmonella gastroenteritis associated with eating or working at area restaurants. Most patients were identified through passive surveillance; active surveillance was conducted for selected groups. A case was defined either by clinical criteria or by a stool culture yielding S Typhimurium. 


RESULTS: The outbreak occurred in 2 waves, September 9 through 18 and September 19 through October 10. Most cases were associated with 10 restaurants, and epidemiologic studies of customers at 4 restaurants and of employees at all 10 restaurants implicated eating from salad bars as the major risk factor for infection. Eight (80%) of 10 affected restaurants compared with only 3 (11%) of the 28 other restaurants in The Dalles operated salad bars (relative risk, 7.5; 95% confidence interval, 2.4-22.7; P<.001). The implicated food items on the salad bars differed from one restaurant to another. The investigation did not identify any water supply, food item, supplier, or distributor common to all affected restaurants, nor were employees exposed to any single common source. In some instances, infected employees may have contributed to the spread of illness by inadvertently contaminating foods. However, no evidence was found linking ill employees to initiation of the outbreak. Errors in food rotation and inadequate refrigeration on ice-chilled salad bars may have facilitated growth of the S Typhimurium but could not have caused the outbreak. A subsequent criminal investigation revealed that members of a religious commune had deliberately contaminated the salad bars. An S Typhimurium strain found in a laboratory at the commune was indistinguishable from the outbreak strain. 


CONCLUSIONS: This outbreak of salmonellosis was caused by intentional contamination of restaurant salad bars by members of a religious commune.


PMID: 9244330, UI: 97386481

DAY 2

“R naught” (R0) and Its Components
QUESTIONS:

In the definition of epidemic, how would we define “beyond expectations?”

Will a given disease become epidemic?

How far will it spread?

How many in or what proportion of a population will become infected?

How long will the disease persist in the population?

Would vaccination prevent an epidemic?

If vaccination would prevent an epidemic, what type of vaccination program is most efficient?

If vaccination would prevent an epidemic, what percent of the population would need vaccination?

What other measures could be taken to prevent an epidemic?

TEACHER BACKGROUND MATERIAL:

R0, The Basic Reproductive Rate of a Disease

In a totally susceptible population, the average number of individuals directly infected by an already infected case during his or her infectious period can be given a value for calculations.  This measure can be a very simple parameter for modeling the potential for a contagious disease to spread through a given population.  It is the Basic Reproductive Rate of a disease, R0, called “R sub zero” or “R naught.”

As an example, let’s say we want to vaccinate some of the students at our college against bacterial meningitis.  If we started with a risk of transmission that 6 out of 10 people (0.6) will be infected, an average infected student will come in contact with 5 people a day, and the duration of infectivity of 2 days, then:

R0  =  0.6 (5) (2) = 6

If we vaccinate 1/3 of our students, then 2/3 of our students are still at risk and we can apply a V factor: 

2/3 R0  =  2/3 (0.6) (5) (2) = 2/3 (6) = 4

This means that now an infected individual could possible infect 4 instead of 6 people while he or she is actually in an infectious state.

This value of R0 can be used to tell us about the virulence, or strength of a disease, and how or whether it grows.  Remember that R0 is the number of people that can be infected by an already infected individual, so vaccinating some of the students reduced our reproductive rate from 6 to 4 out of 10.  Here’s another way to look at it:

R0 > 1
the infected population grows 

(Why? Because each person infects several people);

R0 = 1
the infected population remains the same, the infection is endemic
(Why? Because each person can only infect 1 other person);

R0 < 1
the infected population declines 

(Why? Because each person will not infect EVERY person, he or she is in contact with).

R0, THE COMPONENTS

We have already seen that the basic reproductive rate of a disease, R0 has three different components.  Now we will give each of those components a name:

· The component β, the risk of transmission for each contact, is expressed as a probability (or decimal value), as the likelihood that the disease in question will actually be passed on.  

· The component κ is how many people each person ON THE AVERAGE will come in contact with over a given unit of time (an hour, a day, a week, etc.).  

· The component D, or how long an individual is able to infect another, is a time period that must be expressed in the same unit of time as κ in order for the relationship to be valid.

The basic formula for calculating the basic reproductive rate, R0, of a disease is:

R0  = β · κ · D

 < OR >

R0  =  β κ D

If an individual with a 75% probability of passing on a disease comes into contact with an average of 10 people in the course of an hour, then β = 0.75 and  κ = 10.  If the disease is infectious for 2 hours while the person is sick, then D = 2 and:

R0  =  0.75 (10)(2) = 15 people

What if the disease were infectious for 1 hour?  Then R0  =  7.5 people (Ans. 0.75 (10)(1)).  What about 8 hours?  R0  =  60 people (Ans. 0.75 (10)(8)).

Find R0 if a woman has an illness with duration of infectivity of 3 days and has a 25% probability of passing on the disease to the 8 people she works with daily in a small office.  Answer:  R0  =  0.25 (8)(3) = 6 people
CLASSWORK/LAB:

Lab Activity – Control Of Bacteria

Class work/Homework: Calculating R0 Values

HOMEWORK: 

Class work/Homework: Calculating R0 Values

DAY 2:  LAB ACTIVITY

Control of Bacteria

MATERIALS: 

· Bacterial cultures 

· Sterile loops 

· Antibiotic discs 

· Agar plates 

· Bunsen burner 

Procedure:

1. Using a sterile inoculating loop, obtain a few colonies of bacteria from the culture tube.

2. Use the loop to distribute the bacteria completely over the surface of the agar. You are streaking for maximum distribution over the surface of the agar. Turn the plate 90o and streak the entire surface again. 

3. Repeat step #3 until you are satisfied with the amount of bacteria you have deposited on the agar. 

4. Using a single-hole paper punch, use the discs as controls. Place 1 or more on your control plate.

5. Use the antibiotic disc dispenser to release several discs onto the agar surface. Press down with another bacteriological loop to secure. 

6. Observe the growth pattern after at least 24 - 48 hours of growth (standard read time is 48 hours). 

RELATED QUESTIONS FOR DAY 4 (Completion of Lab)

1.  What do the clear areas indicate?

2.  What evidence do you have that the inhibition of the microorganisms is due to the chemicals on the discs and not the discs themselves?

3.  E. coli are normally harmless bacteria that live in the human intestines Does the reaction of E. coli to antibiotics suggest antibiotics should be only used when necessary? Explain. 

4.  How does antibiotic differ from a disinfectant?

ANSWERS:

1 & 2  The clear areas around the discs indicate inhibited growth of  microorganisms.  The control plates           should show tat the discs are not the inhibiting factor.

3.  Any antibiotic that destroys intestinal flora causes some disturbances, and in some cases the flora must      be replaced.  For example, the patients may be told to drink buttermilk or eat yogurt.

4.  Commercial antibiotics are usually taken internally while disinfectants are not.  Depending on the      strength, of course, many disinfectants would cause tissue damage if we used them externally or      internally.

DAY 2: CLASSROOM ACTIVITY

TRANSMISSION (# OF CONTACTS) AND R0
After the students started the lab activity, “Controlling Bacteria” and while placing the plates in the incubator, have the following diagram on the overhead:


[image: image1]
Topic: How can bacterial infection be tracked through a population?

QUESTIONS:

Where in the diagram is individual #1?  How do you know?

How many individuals are infected by individual #1?  

The arrows are indicating how many individuals they come in contact with.  

Teacher note: number individuals on overhead and list with exact number of contacts for each individual; add total contacts, take the average 
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Avg:     19/13 ≈ 1.46

Take the average number of contacts.  This average of all the contacts is a very simple parameter for modeling the potential for a contagious disease to spread through a given population.  It is the Basic Reproductive Rate of a disease, R0, called “R sub zero” or “R naught”.

Can we calculate R0 for the population in the diagram at different points of contact?

Can we calculate R0 for the population in the diagram at different points of contact?

DAY 2: Classwork/Homework
Calculating R0 VALUES

1. Calculate R0 for diagram at each stage (wave) 


[image: image2]
2. Calculate R0 for diagram at each stage (wave) 
[image: image3]
3. Calculate R0 for diagram at each stage (wave) 


[image: image4]
4. What do you observe about the values of R0 in #1 compared to #2 and #3?

5. How many new people are infected (not counting the first person who spread the infection) after each wave for problem #2? Write an exponential relation for each step.

6. Write the exponential expression for how many people are infected in problem #3 after wave 3?  Wave 5?  Wave n? 

7. If R0= 1, what happens to the number of infected?  This state is referred to as an endemic infection.

8. What value of R0 should you choose to decrease the infected population?  Would this value cause the infection to end?  Why?

Calculating R0 VALUES

 (Answers)

Key:  Edges (lines) = contacts, nodes (circles) = persons

1. Calculate R0 for diagram at each stage (wave) 

Wave 1:  4 contacts/1 person = 4

Wave 2:  13 contacts/5 people = 2.6

Wave 3:  29 contacts/14 people ≈ 2.1

2. Calculate R0 for diagram at each stage (wave) 

Wave 1:  2 contacts/1 person = 2

Wave 2:  6 contacts/3 people = 2

Wave 3:  14 contacts/7 people = 2

3. Calculate R0 for diagram at each stage (wave) 

Wave 1:  3 contacts/1 person = 3

Wave 2:  12 contacts/4 people = 3

Wave 3:  39 contacts/13 people = 3

4. What do you observe about the values of R0 in #1 compared to #2 and #3?

The values of R0 are variable instead of constant.

5. How many new people are infected at each wave for problem #2? How many people would be infected for Wave 4?  Write an exponential relation for each step.

Wave 1:  1 person = 20
Wave 2:  2 people = 21
Wave 3:  4 people = 22
Wave 4:  8 people = 23

2n
6. Write the exponential expression for how many people are infected in problem #3 at wave 3?  Wave 5?  Wave n? 

Wave 3:  32 = 9 people 

Wave 5:  35 = 243 people

Wave n:  3n 

7. If R0= 1, what happens to the number of infected?  This state is referred to as an endemic infection.

Only 1 person in infected in each wave or 1n
8. What value of R0 should you choose to decrease the infected population?  Would this value cause the infection to end?  Why?

If R0 < 1 then the infected population declines, because each person will not infect EVERY person, he or she is in contact with.  Since the number of infected at each wave decrease, eventually there will be no infected.

DAY 3

Vaccination and the Spread of Disease

QUESTIONS:

How are the duration of infectivity and the value of κ related?

If we could change the risk of transmission ( β ), how would that affect basic reproduction rate (R0) of a disease?

If we could change the average number of contacts (κ ) , how would that affect R0?

If we could change the duration of infectivity ( D ), how would that affect R0?

What level of vaccination do we require to prevent an epidemic?

TEACHER BACKGROUND MATERIAL:

Vaccination can provide protection from specific infection if the vaccination is successful.  How is this going to affect R0?

R0 and the Effect Of Vaccination

What level of vaccination do we want to prevent an epidemic?   Recall that if:

R0 > 1
the infected population grows

R0 = 1
the infected population remains the same, the infection is endemic;

R0 < 1
the infected population declines.

Which of these conditions do we want to exist to accomplish our goal?

We want our infected population to decline, that is, for our infection to die out.  We need a proportion of our population vaccinated to reduce R0, this proportion is our original V factor.  But remember that we are, in effect, taking that proportion of (R0 times V) out of the original population, so:

If we want ………………..…. 
R0 < 1


Then we also require that…..
R0 – R0 (V) < 1

Solving for V yields …………
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This vaccination factor can be applied to the R0 formula to determine the new average number of people infected during the infectious stage.  When we introduce a reduced risk by the fact that vaccinating some members of a population provides protection to all others, whether or not vaccinated themselves, we call that herd immunity.  

Going back to our previous example, we started with a risk of transmission of 0.6, an infected student will come in contact with an average of 5 people a day, and the duration of infectivity is 2 days:

R0  =  0.6 (5) (2) = 6    (our original R0)

We applied a V factor of 1/3, meaning we vaccinated of 1/3 our population, and the risk factor changed by 1 – V = 2/3, so  2/3 of our students are still at risk and: 

(the new) R0  =  2/3 (6) = 4

Is this enough to stop this infection?  What level of vaccination do we require to prevent an epidemic? 
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So if we vaccinate more than 5/6 of the population and less than 1/6 of 6 gives us less than 1 person per contact at risk in transmitting the disease or:

New “at risk” per person < 1/6R0
New “at risk” per person < 1/6 (6)

New “at risk” per person < 1

Since our new “at risk” value is less than 1, there will be fewer and fewer people in the entire population that will be infected and eventually this disease will die out.  

Reducing R0 By Affecting Its Components

NOTO BENE (note well)

Reducing R0 can be accomplished by reducing any one of the three components alone or in combinations, thus:

· Reduce β by reducing risk, such as condom use in HIV transmission



What are some other ways we could possibly reduce β?

· Reduce κ by reducing contacts, such as staying home when you have the flu.



What are some other ways we could possibly reduce κ?

· Reduce D by using medicines or treatments to reduce the amount of time you are contagious.



What are some other ways we could possibly reduce D?

DAY 3: CLASSROOM ACTIVITY

The College of Aard Knox

http://illuminations.nctm.org/LessonDetail.aspx?ID=L476
based on “Trout Pond Population”

This investigation illustrates the use of iteration, recursion and algebra to model and analyze a changing student population due to a bacterial meningitis outbreak on campus. 

Learning Objectives

Students will use iteration, recursion and algebra to model and analyze a changing student population. 

Materials

College of Aard Knox activity sheet

Instructional Plan

In this unit, students will be investigating the numeric, graphical, and symbolic representations of a recursive function. Specifically, students will explore a scenario in which a college loses a portion of its population to an outbreak of bacterial meningitis, but the student body is replenished by incoming freshmen and transfers each fall. 

To begin the lesson, have students think about the following situation:

Each fall, a college student body is losing students due to a bacterial meningitis outbreak, but is replenished each fall with new students.   Here’s what you need to know.

· There are presently 3000 students enrolled at the college

· The Registrar’s Office states that the student body decreases by 20%, regardless of the incoming students

· Each fall, 1000 new freshmen and transfers are added

Allow students time to think about this situation. It might be advantageous for students to work in pairs or groups of three to discuss their findings. When students have had ample opportunity to investigate the situation, present the following: 

1. Do you think the population will grow without bound, level off, oscillate, or die out? Explain why you think your conjecture about long-term population is reasonable. 

2. Use a table to test your conjecture.

3. Write the relationship of the change in the student body from the information above using the word NOW for this year’s student body and the word NEXT for next year’s student body. 

4. Replace the word NOW with Sn and the word NEXT with Sn+1.  

To allow students to focus solely on the mathematics of this activity, you may wish to have them use the activity sheet to structure their investigation. 

With a chart to tally data and a list of guiding questions, this sheet will help students focus on the concept of recursion rather than on the skill of organizing data. However, if you wish to have students devise their own methods for organizing information, this activity sheet may provide too much guidance.

Questions for Students

What will happen to the population of students at the college? Will it increase, decrease, or level off?
Extensions

How do you think the population will change over time if the parameters are changed? That is, what will happen if a change is made to the initial number of students, the rate at which the population decreases, or the number of new students each year?

The College of Aard Knox Exploration    Name __________KEY________________

[image: image44.wmf]
Each fall, the College of Aard Knox in Oxnard, CA receives a new class of freshmen along with some new transfers. The number of students decreases each year by drop-outs due to a recurring outbreak of bacterial meningitis, but the incoming freshman class always adds more students to the population each fall.  Here are some facts about good ole CAKO:

· There are presently 3000 students enrolled at the college

· The Registrar’s Office states that the student body decreases by 20% regardless of the incoming students

· Each fall, 1000 new freshmen and transfers are added

1. Do you think that the number of students at CAKO will grow without bound, level off at some point, fluctuate, or will the college eventually lose all its students?   Explain why you think your conjecture about long-term population is reasonable?

Faulty answers are acceptable if solid reasoning and complete explanations are encouraged, but the population should level off; this is a converging sequence..

2. Use the table below to test your conjecture.

	Year
	Number of Students at College of Aard Knox

	1
	3400

	2
	3720

	3
	3976

	4
	4180

	5
	4344

	6
	4475

	7
	4580

	8
	4664

	9
	4731

	10
	4785

	11
	4828

	12
	4862


	Year
	Number of Students at College of Aard Knox

	13
	4890

	14
	4912

	15
	4929

	16
	4943

	17
	4954

	18
	4963

	19
	4971

	20
	4976

	21
	4981

	22
	4985

	23
	4988

	24
	4990


3. Write the relationship of the change in the student body from the information above using the word NOW for this year’s student body and the word NEXT for next year’s student body.   This is called a recursive relationship because the next value in a sequence requires knowledge of the previous stage.

NEXT = NOW – 0.2(NOW) + 1000   or    NEXT = 0.8(NOW) + 1000   

4. Replace the word NOW with Sn and the word NEXT with Sn+1.  This is a recursive equation where n represents a specific year and S is the number of students for that year.   Write the equation for year 12 using your new recursive equation.

Sn+1 = Sn – 0.2(Sn) + 1000   or    Sn+1 = 0.8(Sn) + 1000   

DAY 3: HOMEWORK

Back to Aard Knox

http://illuminations.nctm.org/LessonDetail.aspx?ID=L476
based on “Trout Pond Population”
This investigation illustrates the use of iteration, recursion and algebra to model and analyze a changing student population due to a bacterial meningitis outbreak on campus. 

Learning Objectives

Students will use iteration, recursion and algebra to model and analyze a changing student population. 

Materials

Back to Aard Knox activity sheets

Instructional Plan

In this unit, students will be investigating the numeric, graphical, and symbolic representations of a recursive function. Specifically, students will explore a scenario in which a college loses a portion of its population to an outbreak of bacterial meningitis, but the student body is replenished by incoming freshmen and transfers each fall. 

To begin the lesson, have students think about the following situation:

Each fall, a college student body is losing students due to a bacterial meningitis outbreak, but is replenished each fall with new students.   Here’s what you need to know.

· There are presently 3000 students enrolled at the college

· The Registrar’s Office states that the student body decreases by 25%, regardless of the incoming students

· Each fall, 775 new freshmen and transfers are added

Allow students time to think about this situation. It might be advantageous for students to work in pairs or groups of three to discuss their findings. When students have had ample opportunity to investigate the situation, present the following: 

1. Using a recursive formula to express the information from the header. 

2. Use a table to predict the population.

3. Does the results of the table surprise you?  How do they compare to the date from the previous exercise? 

4. What conditions changed?  To which of the conditions do you attribute the results? What make you think that?  How could you find out?

To allow students to focus solely on the mathematics of this activity, you may wish to have them use the activity sheet to structure their investigation. 

With a chart to tally data and a list of guiding questions, this sheet will help students focus on the concept of recursion rather than on the skill of organizing data. However, if you wish to have students devise their own methods for organizing information, this activity sheet may provide too much guidance.

Questions for Students

What will happen to the population of students at the college? Will it increase, decrease, or level off? 
Extensions

How do you think you could change the parameters to stabilize the population faster? That is, which of the three conditions could you change and how so that the population would remain constant?

Back to Aard Knox Exploration
Name ______________ KEY ___________________
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The College of Aard Knox has made entrance standards tougher and insisted that courses be more rigorous for this year.  These policy changes have affected how its student population changes.  Each fall, just as before, the college receives a new class of freshmen along with transfers. The number of students still decreases each year due to bacterial meningitis outbreaks as before, and the incoming freshman class always adds more students to the population each fall.   The academic standards have changed the student population as follows:

· There are presently still 3000 students at the college just as there were before

· The Academic Dean’s new policies have caused the student body to decreases by 25% (a steeper decrease from before), regardless of the incoming students

· Because of higher standards for entrance, each fall, only 775 new freshmen and transfers are added, which are a little fewer than before

1. Using your recursive formula from last time, change the necessary parts to reflect the change conditions at the college and write the new recursive formula.

Sn+1 = Sn – 0.25(Sn) + 775   or    Sn+1 = 0.75(Sn) + 775   

2. Using your new formula, complete the table below to show the number of students predicted for each year.

	Year
	Number of Students at College of Aard Knox

	1
	3025

	2
	3044

	3
	3058

	4
	3068

	5
	3076

	6
	3082

	7
	3087

	8
	3090

	9
	3092

	10
	3094

	11
	3096

	12
	3097


	Year
	Number of Students at College of Aard Knox

	13
	3098

	14
	3098

	15
	3099

	16
	3099

	17
	3099

	18
	3099

	19
	3100

	20
	3100

	21
	3100

	22
	3100

	23
	3100

	24
	3100


3. Do the results of the table surprise you?   Why?  How do they compare to the values of the table from last time?

Students may have seen this convergence in the last set, but this data obviously converges very quickly.

4. What conditions changed?  To which of the conditions do you think the new results were due?  What makes you think that?  How could you find out?

Answers will vary, but should be a topic of discussion for convergence.

DAY 4

Mathematical Modeling of Diseases:

Use of Recursive Sequences

QUESTIONS:

How does the recursion process apply to modeling of diseases?

What is the relationship between equilibrium in spread of disease and the recursion process as applied to modeling diseases?

BACKGROUND INFO

Iteration is the act of repeating a set of rules or steps over and over. Each step is called an iterate.

Recursion is a special kind of iteration and creates a recursive sequence when used in mathematics. With recursion, starting information is given along with a rule to get new information. In math, this rule can frequently be an equation.  The rule is repeated over and over using the new information as though it were the starting information.  This process creates a loop.  The information or value that comes out of the rule goes right back into the rule for the next iteration. 

NCTM Illuminations

Now-Next Recurrence Table Generator

http://illuminations.nctm.org/ActivityDetail.aspx?ID=25
For this activity, you can use the website for data manipulation or the black line master (“Now-Next Recurrence Table Generator”) in the appendix

SAMPLE ADDITIVE MODEL

Next = Now + constant        OR        Sn+1 = Sn + k

MULTIPLICATIVE MODEL

Next = Now * constant         OR       Sn+1 = Sn • k

POPULATION & HARVEST APPLICATION

Next Population Size = Current Population Size * Growth Rate + Constant   OR   Pn+1 = Pn • r + k

Fibonacci calculator

http://nlvm.usu.edu/en/nav/frames_asid_315_g_3_t_1.html
For this activity, you can use the website for data manipulation or the black line master (“Fibonacci Sequences”) in the appendix; because of the time element doing this manually, you may want to work in groups.

The Fibonacci sequence is a recursive sequence in that it involves the repeated application of a function to its own value, repeating itself, either indefinitely or until a specified point is reached.

The following sequence of numbers is the most common Fibonacci sequence:

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, …

Except for the first and the second values, the sequence is obtained by adding the two previous values in the sequence to find any specific step.  In the Fibonacci sequence, we use F for each value in the sequence and use a subscript n attached to it to indicate which step in the sequence we are considering.  Remember that subscript is like given each F-value its own last name.   If we are on step n, then the previous step is n-1 and the next step in n+1.

The initial value is identified as F0, the next value is F1.  The most common Fibonacci sequence is:

F0 = 1,        F1 = 1,      Fn+1  = Fn  + Fn-1
Very interesting sequences can be obtained by additional operations using 2 or more different steps.  You can explore one of these using the Fibonacci calculator located at the above website:

As you can see, the calculator gives the values of the sequence
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.   Continue to scroll through the calculator as the values of Fn+1 and Fn increase.  What do you see happening to this sequence?   Reset and change the values of F0 and F1.  Do this several times.  What can you say about any Fibonacci sequence of this nature?  

This type of sequence is called a converging sequence.

The Fibonacci-type sequence, 
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 converges on the Golden Ratio (
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  = 1.618033988); or in other words:   
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Extension:

Recursion 
Curriculum Context and Resources

This activity uses graphing and more involved relations in recursions

http://www.shodor.org/interactivate/activities/recursion/why.html
This activity allows the user to explore different recursive equations. This activity would work well in small groups of 2-3 for about 40 minutes if you use the exploration questions and 20 minutes otherwise. 

Place in the Mathematics Curriculum

This activity can be used to: 

· Teach students about recursive equations 

· Show up to three recursive equations on a graph 

· Trace individual values of a recursive equation using a graph 

Standards Fulfilled 

This activity can be used to address the following standards:

· Number and Operations Standard    Understand meanings of operations and how they relate to one another; 

· Algebra Standard  Understand patterns, relations, and functions; analyze change in various contexts. 

· Geometry Standard   Analyze characteristics and properties of two- and three-dimensional geometric shapes and develop mathematical arguments about geometric relationships; use visualization, spatial reasoning, and geometric modeling to solve problems. 

Be prepared to:

· provide a variety of recursive equations for students to try. For example experiment with multiplying and dividing. 

· encourage students to test different initial values 

· connect recursive equations to real life examples such as compounding interest 

· show students how to read the graph and trace the values of the recursive equation at each point and switch from one equation to the next 

CLASSWORK:  Creating the SIR model spreadsheet

HOMEWORK:  Lab questions

NCTM Illuminations

Now-Next Recurrence Table Generator

An Example of Recursive Sequences

These now-next models can be used to find values in a sequence that result from “recursion” which is a special kind of repetition called “iteration.”  Iteration is the act of continuously repeating a set of rules or steps.  Each step is an “iterate.”  With a recursion, we are given starting information and a rule for how to use it to get new information. Then we repeat the rule using the new information as though it were the starting information.   This gives us a kind of a loop in our process.  The results of one step in the rule goes back into the rule for the next iteration.   The rules in mathematics are the formulas.

ADDITIVE MODEL:

Next = Now + constant        OR        Sn+1 = Sn + k

If our starting information (first Now value, Sn) is 0 and our constant (k) is 2, our first iteration looks like this:

Next = 0 + 2 = 2



and our Now-Next recurrence or recursion looks like this:

2 + 2 = 4

4 + 2 = 6

6 + 2 = 8, etc.

1. What would the next two iterations be?  What kind of numbers are we generating with our recursive sequence?

10, 12; even numbers

2. What kind of numbers would we generate if Sn = 1?

Odd numbers

3. What would happen to our recursive sequence if k were a negative number?

The values would become less; strongly discourage students from saying “smaller”; which implies that the numbers are shrinking geometrically rather than arithmeticallly
MULTIPLICATIVE MODEL:

Next = Now * constant         OR       Sn+1 = Sn • k

Now our rule or operation is multiplication, but the iterative process remains the same.

4. If we are given Sn = 1 and k = 2, what kind of numbers are we generating?  What if k = 3?

Powers of 2; powers of 3

5. If Sn were less than 1 but still positive, what kind of values could result?  What would happen to Sn+1?

Fractions; Sn+1 is growing smaller, now we CAN say smaller, because this is a geometric progression

POPULATION & HARVEST APPLICATION:

Next Population Size = Current Population Size * Growth Rate + Constant   OR   Pn+1 = Pn • r + k

This is an example of how recursive sequences can be used to model population changes.  If k is a negative number, then this application is called a harvest application because a certain number in the population is being removed, usually is such cases as catching fish in a pond that has been artificially stocked or hunting deer to keep the population fro over-breeding or even for modeling such things as the number of students in a beginning swim class.

6. Your school has a current population of 1000 students and 250 students graduate each year.  Is your school growing or shrinking, if the estimated growth rate is 1.2 a year (20%)?   

P1 = 1000 (1.2) – 250 = 950

P2 = 950 (1.2) – 250 = 890

P2 = 890 (1.2) – 250 = 818

Obviously shrinking!

7. Extra credit:  What growth rate do you think would give your school a constant (stabilized) population?

1.25 or 25% growth rate

Fibonacci Sequences (answers)
The Fibonacci sequence is a recursive sequence in that it involves the repeated application of a function to its own value, repeating itself, either indefinitely or until a specified point is reached.

The following sequence of numbers is the most common Fibonacci sequence:

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, …

Except for the first and the second values, the sequence is obtained by adding the two previous values in the sequence to find any specific step.  In the Fibonacci sequence, we use F for each value in the sequence and use a subscript n attached to it to indicate which step in the sequence we are considering.  Remember that subscript is like giving each F-value its own last name.   If we are on step n, then the previous step is n-1 and the next step in n+1.

The initial value is identified as F0, the next value is F1.  The most common Fibonacci sequence (above) is:

F0 = 1,        F1 = 1,      Fn+1  = Fn  + Fn-1
Very interesting sequences can be obtained by additional operations using 2 or more different steps.  The following sequence gives a very surprising result!

The Golden Ratio
For this activity you can use the standard Fibonacci sequence from above and later create your own, but all sequences are going to be put into the following ratio known as the Golden Ratio:


[image: image13.wmf]F

F

n

n

+

1


1. Beginning with F0 = 1, F1 = 1, 
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= 2/3 = .666..., then 3/5, and 5/8, etc.  Continue to calculate and record this ratio as the values of Fn+1 and Fn increase.  What do you see happening to this sequence?   

Students should observe that the value is approximating 1.618033988

2. Create your own Fibonacci sequence using different value of F0 and F1; find and record the Golden Ratio for your sequence through
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.  What do you see happening to your sequence?   

Students should observe that the value is approximating 1.618033988

3. Find the approximate value of 
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.  This is the value of the Golden Ratio.

1.618033988

4. Compare your results as a class?   What can you say about any Fibonacci sequence of this nature?  

The sequence 
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 converges on the value of the Golden Ratio.
Day 4:  Notes for Controlling Bacteria Lab Investigation

The results for the plates will resemble this picture.  The ring around the disc is the area where there was no growth of bacteria, due to the antibiotic disc.  
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QUESTIONS: (Completion of Lab)

1.  What do the clear areas indicate?

2.  What evidence do you have that the inhibition of the microorganisms is due to the chemicals on the discs and not the discs themselves?

3.  E. coli are normally harmless bacteria that live in the human intestines Does the reaction of E. coli to antibiotics suggest antibiotics should be only used when necessary? Explain. 

4.  How does antibiotic differ from a disinfectant?

ANSWERS:

1 & 2  The clear areas around the discs indicate inhibited growth of  microorganisms.  The control plates           should show tat the discs are not the inhibiting factor.

3.  Any antibiotic that destroys intestinal flora causes some disturbances, and in some cases the flora must      be replaced.  For example, the patients may be told to drink buttermilk or eat yogurt.

4.  Commercial antibiotics are usually taken internally while disinfectants are not.  Depending on the      strength, of course, many disinfectants would cause tissue damage if we used them externally or      internally.

DAY 5

Mathematical Models of the Spread of Disease:

The SIR Model

QUESTIONS:

How does the model represent the actual transmission of disease?

Why is it necessary to impose the conditions in order for the model to work?

More ??????

TEACHER BACKGROUND MATERIAL:

The Susceptible-Infected-Recovered (“SIR”) Model for Infectious Diseases:

In order to produce mathematical models for following the spread of infectious diseases, simpler models must be constructed and observed so that modifications can be made to more accurately reflect the real thing.  One of the simplest models to observe is the Susceptible-Infected-Recovered (“SIR”) model.    In order for this model to reflect accurate information, we must impose certain conditions:

· There is a fixed population – no birth, no death, no immigration/emigration

· Latent period is zero, meaning that the disease is immediately infectious

· The disease is introduced into the population by a single infected person
· Before the single infected person enters the population, the entire population is susceptible
· Individuals are counted in each state at a fixed interval so that we have a discrete model


[image: image20]
S = number of persons in the population that are susceptible, but have never been infected

I = number of persons in the population that are infected
R = number of persons in the population who have recovered, sometime called removed because this model can also include persons who die from the infection

How do people move from state of infection to another state?  Our math model requires equations describing the population movement, always remembering that an individual in a particular state may stay in that state as opposed to moving into the next one. For instance, an infected individual may stay infected for a period of time instead of immediately recovering.  

Equation for how the SUSCEPTIBLE (“S”) population changes:

In order to find our population at the next stage, we Snow take an initial value as all the population except the single person who has introduced the disease.  So a population of 1000 would start with Snow = 999 and Inow = 1, the person infected.  At this point, there are no recovered persons.

In our model, a potential number of our susceptible population will become infected.  If κ is the possible number of contacts and β is the likelihood that each contact will be infected, β · κ represents the number of contacts per person who might become infected.  Since Inow is the number persons infected, β · κ · Inow = the total number of persons who might become infected.  

For example, if an infected student has contact with 100 other students a day (κ) and the probability that a contact is contagious is 0.8, how many students might that person infect?  The answer is 0.8 (100), or 80 students.   What if there were 8 infected people?  Then each of those 8 could potentially infect 80 students each and the total number of persons who might become infected would be 640 students.

In our first step, this is all that is needed, but remember that as each new group becomes infected, the Snow is going to be fewer each step, so we need to know what percentage of total population is actually available to be infected, so we multiply β · κ · Inow  (the total number of persons who might become infected) by Snow/population.  This gives us:

Snext = Snow    –   ( β · κ · Inow · 
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Sn+1 = Sn    –   ( β · κ · In · 
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Equation for how the INFECTED (“I”) population changes

The first thing to understand is that the people who were susceptible and became infected were removed from the susceptible population.  Well, where did they go?  They became infected and must be added to number of people in the present infected population, the Inow, in order to find the number of people in the next iteration of infected population, the Inext.  

But what about the people who were infected, but have now recovered?  Of all the people infected now, a certain number of them will get well based on how many days they are actually infected.  So we need to know the duration of infectivity (D).   If the duration of infectivity is 2 days, then all the people infected 2 days ago will recover, but the people infected yesterday are still sick, ½ of Inow will recover before we calculate Inext.  If D = 3, then 1/3 of the infected people will recover today, 1/3 will recover tomorrow, and the remainder on day 3, even though we continue to add to the population; because tomorrow, 1/3 of those that were sick 3 days ago will recover tomorrow, 1/3 the following day, and 1/3 the following day until there is no one to recover.  So we divide by the duration of infectivity:

Inext = Inow     +   ( β · κ · Inow · 
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In+1  = Inow    +   ( β · κ · In · 
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Equation for how the RECOVERED (“R”) population changes

Once again, the people who were infected have now recovered, so they will be added to the people who were recovered before and our final equation is:

Rnext = Rnow    +   (
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Rn+1  = Rn       +   (
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How to Create the SIR Model in Spreadsheet Format

Students will transfer SIR spreadsheet model from teacher info and use various scenarios to see what the model actually does.

Rules for writing formulas in spreadsheet:

1. A formula is identified by the leading “=”; if it is not typed, the info will be entered as text.

2. The formulas must be entered EXACTLY as written, no spaces

3. Letter-number combinations identify relative cell positions, i.e. D3 refers to the data in column D as long as you are in row 3.  If you copy the formula with D3 to row 8 it becomes D8 and refers to the data in that cell.

4. Letter-number combinations with $-signs are absolute; they refer only to that EXACT cell in the spreadsheet and will copy with no change.  If you copy $D$3 to row 8, it remains $D$3.

Directions for Entering Data

Row 1 (headings) (8 columns, text, Col A-I): “B”, “K”, ”D”, ”Pop Size”, ”Day #”, ”S”, ”I”, ”R”

Row 2 (initial R0 components; from the given???) (4 values, Col A-B-C-D)

Row 3 (calculated or altered R0 components) (4 values, Col A-B-C-D)

Row 4 (initial state values) (4 values)

Col E:  1

Col F:  (a formula, no spaces, you must type the =)  =D3-1

Col G:  1

Col H:  0

Row 5 


Col A: “R0”
Col B:  =$A$2*$B$2*$C$2

Col E: =E4+1

Col F: (a formula) =F4-$A$3*$B$3*F4*(1/$D$3)*G4

Col G: (a formula) =G4+$A$3*$B$3*F4*(1/$D$3)*G4-G4/$C$3

Col H: (a formula) =H4+G4/$C$3

Row 6
Col A:  “New R0”
Col B:  =$A$3*$B$3*$C$3

Row 7
Col A:  “V=1-(1/R0)”
Col B:  =1-(1/$B$5)

Row 8
Col A:  “Factor <
Col B:  = 1-$B$7

Directions for Copying the Recursive Formula

Place cursor on cell E5, there will be a bold border around it; holding down the left button on the mouse, drag across Col F-G-H, they will now be highlighted, 

Simultaneously press CTRL and letter C     or      From menus at top, select Edit:Copy

Place cursor on cell E6, holding down left button on the mouse, drag the button across Col F-G-H and…

DO NOT LET GO OF THE BUTTON…

Continuing to hold, drag down to Row 33

Simultaneously press CTRL and letter V      or      Select Edit:Paste

How to Create the SIR Model in Spreadsheet Format (cont.)

How to Create the SIR Model in Spreadsheet Format (cont.)

Clean-Up

Row 5, Col G (cell G5): =G4+$A$3*$B$3*F4*(1/$D$3)*G4-G4/$C$3–0.5
(Subtracting 0.5 assures that the value will not be rounded up to the next integer)

Graphing the Data

Place cursor on cell F4 and drag to highlight Col G-H to Row 33.

Select (from menu bar) Insert:Chart.

Step 1 of 4:  Select Chart Type: Line, and click Next> button.

Step 2 of 4:  In Data Range, select Series In: Columns and click Next> button 

Step 3 of 4:  You can choose titles and labels here if you wish and click Next> button

Step 4 of 4:  Place the Chart, select As An Object In: “your spreadsheet” and click Finish

NOTE:  You will now have a graph of your data in your spreadsheet.  If you wish to move it or resize it, left-click and hold on the graph itself to move it.  Use the black blocks around the border to resize to your satisfaction.  

DAY 6

Case Study:  The Final Analysis

Assessment – students will receive new version of case study from day 1 and use data in the SIR model to determine optimal vaccination strategy.

TEACHER BACKGROUND MATERIAL:

Need description of how to proceed

Need to complete final case study; details

????  R.Poole

Case Study:  The Final Analysis

National Center for Infectious Diseases and Epidemiology Program Office, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA. 

Context: Oxnard County Health Department (“OCHD”) received information from Oxnard Community Medical Center, a patient presented at the emergency room exhibiting the following symptoms: diarrhea, fever, and stomach cramps starting three days earlier upon initial exposure to the bacterium.  It has been established by the CDC that the following is true of this bacteria:

· It can be spread person to person by sneezing and shaking hands

· This student is the only person infected on the campus at that time

· The symptoms appeared immediately upon exposure to the bacterium

· There is no natural immunity among the student body to this bacterium

The doctor asked the patient the following questions:

Doctor: What do you do? 

Patient: I am a student.

Doctor: How many people do you come in contact with during the day?

Patient: 9 people

Doctor: How many students and staff/faculty are on campus?

Patient: 3800

Use the above information in the SIR spread sheet to determine a vaccination strategy.  

Interpret the information from the SIR model and write a response.  In your response, include the following:

· Explanation what criteria allow you to use this model for the case study

· Identify the single criterion that you must assume in order to use the SIR model

· The completed worksheet should be printed out and attached to your response.

REFERENCES
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MORE ?????

VOCABULARY:  (MORE?????)
Day 2

Outbreaks (see epidemics)

Epidemic – occurrence of disease beyond expectations for a given time frame, place and population

Infectious – capable of being passed from one person to another

Infectivity – capable of producing an infection

Pandemic – geographically widespread epidemic

Surveillance – continual observation, especially of a suspected influence

Susceptible – easily affected by something

Basic reproductive rate – (R0, called “R sub zero” or “R naught”) the average number of individuals directly infected by an already infected case during his or her infectious period, requires a totally susceptible population

R naught – see Basic reproductive rate

Endemic – occurrence of disease when the number of infected individuals is constant over time

Day 3

Risk of transmission – (β, called “beta”) the likelihood that the disease in question will be passed on for each contact in the specific situation; usually expressed as a probability

Duration of infectivity – (D) the measure, in specific time units, of how long an individual is able to infect another

Vaccination – introduction of (usually through injection) a vaccine to produce immunity

Immunity – resistance to disease

Herd immunity – the fact that some members of a herd or population have been vaccinated provides protection to all others, whether or not they themselves have been vaccinated 
Day 5

Susceptible – the state of health that indicates that an individual has the potential to become infected

Infectious – the state of health that indicates that an individual is infected and I capable of passing the infection to others.

Resistant – the state of health that indicates that an individual has recovered from the infectious state and is no longer capable of further infection.

State model – a diagram that models the movement of an element between different conditions (states)

Fixed population – a condition of a population in which the number is constant; there are no births, deaths, or persons moving into or out of the population.

Latent period – a period of time in which an infection is dormant or not capable of being passed on

BLACKLINE COPY MASTERS

DAY 1 – BIOLOGY BACKGROUND:

Bacteria are a single-celled microorganism, either rod-, spiral-, or spherical-shaped.  

Bacteria are both beneficial and harmful to humans.  Some ways bacteria are beneficial to humans:  

· decomposers: they break down organic matter

· nutrient cycling: nitrogen, sulfur and phosphorus

· manufacture food and drugs: produce insulin

When bacteria are harmful, causing disease, they are called pathogens.  Pathogens need a host in order to survive.  How can bacteria be transmitted? Each type of parasitic bacteria (pathogen) has a method of transmittance.  The concept of transmittance is a way of traveling form host to host.  Bacteria can be transmitted in three ways.  They are either airborne, such as tuberculosis (Mycrobacterium tuberculosis), waterborne, as in a sneeze or cough such as Cholera (Vibrio cholera), or food contamination, such as botulism (Clostridium botulinum).  Another mode of transmission can be vector transmission.  Vectors diseases are spread indirectly by its pathogen from victim to an alternate host; usually a biting insect which transfers the pathogen to another prospective victim by means of a bite.  Lyme disease (Borrella burgdorferi) is an example.  Bacteria not only do damage at the cellular level, but they can also produce toxins which the body considers a poisonous substance.  When being treated, one has to be treated for the pathogen and toxin.

Common Bacterial Diseases:

	Pathogen
	Disease
	Transport Method

	Bacillus anthracis
	anthrax
	Airborne; cutaneous (skin), inhalation, and gastrointestinal.

	Bordetella pertussis
	whooping cough
	Airborne

	Borrella burgdorferi
	Lyme disease
	Vector transmission; ticks

	Clostridium tetani
	tetanus
	Dirty wound (puncture)

	Corynebacterium diphtheriae
	diphtheria
	Airborne

	Haemophilus influenza
	meningitis
	Direct contact

	Mycrobacterium tuberculosis
	tuberculosis
	Airborne; contaminated milk and diary products

	Salmonella typhi
	typhoid fever
	Contaminated food and water

	Streptococcus pneumoniae
	pneumonia
	Airborne

	Vibrio cholera
	cholera
	Waterborne


Immunity is the body’s defense against foreign molecules.  Immunity is the body’s ability to resist a pathogen.  That means once you have the disease you can not become infected again.  There are several levels to obtain immunity.  Skin is the first level of defense against pathogens entering the body.  Mucous membranes and secretions along with cilia and tears are nonspecific or innate responses.  The body also can respond to specific pathogens.  This type of defense is adaptive mechanism by the body at a targeted pathogen.  The body responds by producing antibodies.  Antibodies are proteins that bind to foreign substance and will begin the removal process from the body.  Antigens are molecules that stimulate antibody production.  Along with antigens and antibodies white blood cells play a role in the body’s response to a pathogen.  The two types of white blood cells are Phagocytes and Lymphocytes.

Treatment:

Treating a bacterial infection is usually accomplished be taking antibiotics.  The medication wipes out the disease.  Of course, a negative aspect is that bacteria are becoming antibiotic resistant.  The bacteria are not responding to the prescribed treatment and the population is still susceptible to the disease; for example strep throat.  The pathogen is Group A streptococcus

Vaccines are a weakened form of the pathogen injected into a person.  The purpose of the vaccine is for the body’s immune system to be able begin the primary immune response.

Vaccines area prevention

Outbreaks and Epidemics can be defined as occurrences of disease beyond expectations for a given time, place and population.  Pandemics generally refer to geographically widespread epidemic.   When the number of infected (sick) individuals in a population is constant over time, the infection (disease) is endemic (Fingelin, Tasha; BMCI 7/19/06)

Case Study:  Your Role As An Epidemiologist

National Center for Infectious Diseases and Epidemiology Program Office, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA. 

Context: Oxnard County Health Department (“OCHD”) received information from the Oxnard Community Medical Center, several patients have appeared exhibiting the following symptoms: Stiff neck, severe headaches, nausea, and discomfort looking into bright lights

The problem confronting the OCHD: What could be the cause of the sudden rise in these symptoms?

New Information – Part 2


From OCHD’s interview of the individual who initially presented the symptoms, the observations are as noted:

· The patient worked part-time as a waiter at a local restaurant

· The patient is a full-time student attending the College of Aard Knox

· The patient lives on campus with 4 roommates

· The patient is a member of the intramural co-ed volleyball team at Aard Knox which played a game the night before the patient reported to the hospital.

Questions posed by the OCHD:

· Who is the source of the infection? 

· What microorganism is causing the infection?

· How is it transmitted?

· Who could be most susceptible for contracting the illness?  Why?

New Information – Part 3

From OCHD’s interview of the patient’s roommates, it was discovered that the patient had developed a cough over the 1-2 days prior to reporting to the hospital.

OHCD observed 3 days later that:

· 2 people from the Aard Knox volleyball team reported sleepiness

· 1 room mate reported having nausea

· 1 room mate reported having headaches

Answer the following:

1. Where do you think the infection originated?  Why?

2. What do you think is the incubation period (duration of being infectious)?  Why?

3. Should the OCHD consider vaccinating against the disease? If so, who and how may people should be vaccinated.  If not, how else could this be treated? State reasons for your answer.

Case Study 1: JAMA 1997 Aug 6;278(5):389-95


A large community outbreak of salmonellosis caused by intentional contamination of restaurant salad bars.

Torok TJ, Tauxe RV, Wise RP, Livengood JR, Sokolow R, Mauvais S, Birkness KA, Skeels MR, Horan JM, Foster LR
National Center for Infectious Diseases and Epidemiology Program Office, Centers for Disease Control and Prevention, Atlanta, Ga 30333, USA. 


CONTEXT: This large outbreak of foodborne disease highlights the challenge of investigating outbreaks caused by intentional contamination and demonstrates the vulnerability of self-service foods to intentional contamination.


OBJECTIVE: To investigate a large community outbreak of Salmonella Typhimurium infections. 


DESIGN: Epidemiologic investigation of patients with Salmonella gastroenteritis and possible exposures in The Dalles, Oregon. Cohort and case-control investigations were conducted among groups of restaurant patrons and employees to identify exposures associated with illness.


SETTING: A community in Oregon. Outbreak period was September and October 1984. 


PATIENTS: A total of 751 persons with Salmonella gastroenteritis associated with eating or working at area restaurants. Most patients were identified through passive surveillance; active surveillance was conducted for selected groups. A case was defined either by clinical criteria or by a stool culture yielding S Typhimurium. 


RESULTS: The outbreak occurred in 2 waves, September 9 through 18 and September 19 through October 10. Most cases were associated with 10 restaurants, and epidemiologic studies of customers at 4 restaurants and of employees at all 10 restaurants implicated eating from salad bars as the major risk factor for infection. Eight (80%) of 10 affected restaurants compared with only 3 (11%) of the 28 other restaurants in The Dalles operated salad bars (relative risk, 7.5; 95% confidence interval, 2.4-22.7; P<.001). The implicated food items on the salad bars differed from one restaurant to another. The investigation did not identify any water supply, food item, supplier, or distributor common to all affected restaurants, nor were employees exposed to any single common source. In some instances, infected employees may have contributed to the spread of illness by inadvertently contaminating foods. However, no evidence was found linking ill employees to initiation of the outbreak. Errors in food rotation and inadequate refrigeration on ice-chilled salad bars may have facilitated growth of the S Typhimurium but could not have caused the outbreak. A subsequent criminal investigation revealed that members of a religious commune had deliberately contaminated the salad bars. An S Typhimurium strain found in a laboratory at the commune was indistinguishable from the outbreak strain. 


CONCLUSIONS: This outbreak of salmonellosis was caused by intentional contamination of restaurant salad bars by members of a religious commune.


PMID: 9244330, UI: 97386481
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Now-Next Recurrence Table Generator

An Example of Recursive Sequences

These now-next models can be used to find values in a sequence that result from “recursion” which is a special kind of repetition called “iteration.”  Iteration is the act of continuously repeating a set of rules or steps.  Each step is an “iterate.”  With a recursion, we are given starting information and a rule for how to use it to get new information. Then we repeat the rule using the new information as though it were the starting information.   This gives us a kind of a loop in our process.  The results of one step in the rule goes back into the rule for the next iteration.   The rules in mathematics are the formulas.

ADDITIVE MODEL:

Next = Now + constant        OR        Sn+1 = Sn + k

If our starting information (first Now value, Sn) is 0 and our constant (k) is 2, our first iteration looks like this:

Next = 0 + 2 = 2



and our Now-Next recurrence or recursion looks like this:

2 + 2 = 4

4 + 2 = 6

6 + 2 = 8, etc.

1. What would the next two iterations look like?  What kind of numbers are we generating with our recursive sequence?

2. What kind of numbers would we generate if Sn = 1?

3. What would happen to our recursive sequence if k were a negative number?

MULTIPLICATIVE MODEL:

Next = Now * constant         OR       Sn+1 = Sn • k

Now our rule or operation is multiplication, but the iterative process remains the same.

4. If we are given Sn = 1 and k = 2, what kind of numbers are we generating?  What if k = 3?

5. If Sn were less than 1 but still positive, what kind of values could result?  What would happen to Sn+1?

POPULATION & HARVEST APPLICATION:

Next Population Size = Current Population Size * Growth Rate + Constant   OR   Pn+1 = Pn • r + k

This is an example of how recursive sequences can be used to model population changes.  If k is a negative number, then this application is called a harvest application because a certain number in the population is being removed, usually is such cases as catching fish in a pond that has been artificially stocked or hunting deer to keep the population from over-breeding or even for modeling such things as the number of students in a beginning swim class.

6. Your school has a current population of 1000 students and 250 students graduate each year.  Is your school growing or shrinking, if the estimated growth rate is 1.2 a year (20%)?   

7. Extra credit:  What growth rate do you think would give your school a constant (stabilized) population?

 Fibonacci Sequences

The Fibonacci sequence is a recursive sequence in that it involves the repeated application of a function to its own value, repeating itself, either indefinitely or until a specified point is reached.

The following sequence of numbers is the most common Fibonacci sequence:

1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, …

Except for the first and the second values, the sequence is obtained by adding the two previous values in the sequence to find any specific step.  In the Fibonacci sequence, we use F for each value in the sequence and use a subscript n attached to it to indicate which step in the sequence we are considering.  Remember that subscript is like giving each F-value its own last name.   If we are on step n, then the previous step is n-1 and the next step in n+1.

The initial value is identified as F0, the next value is F1.  The most common Fibonacci sequence (above) is:

F0 = 1,        F1 = 1,      Fn+1  = Fn  + Fn-1
Very interesting sequences can be obtained by additional operations using 2 or more different steps.  The following sequence gives a very surprising result!

The Golden Ratio
For this activity you can use the standard Fibonacci sequence from above and later create your own, but all sequences are going to be put into the following ratio known as the Golden Ratio:
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This type of sequence is called a converging sequence.  You will see why.

1. Beginning with F0 = 1, F1 = 1, 
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= 2/3 = .666..., then 3/5, and 5/8, etc.  Continue to calculate and record this ratio as the values of Fn+1 and Fn increase.  What do you see happening to this sequence?   

2. Create your own Fibonacci sequence using different value of F0 and F1; find and record the Golden Ratio for your sequence through
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.  What do you see happening to your sequence?   

3. Find the approximate value of 
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.  This is the value of the Golden Ratio.

4. Compare your results as a class?   What can you say about any Fibonacci sequence of this nature?  

Control of Bacteria

MATERIALS: 

· Bacterial cultures 

· Sterile loops 

· Antibiotic discs 

· Agar plates 

· Bunsen burner 

Procedure:

1. Using a sterile inoculating loop, obtain a few colonies of bacteria from the culture tube.

2. Use the loop to distribute the bacteria completely over the surface of the agar. You are streaking for maximum distribution over the surface of the agar. Turn the plate 90o and streak the entire surface again. 

3. Repeat step #3 until you are satisfied with the amount of bacteria you have deposited on the agar. 

4. Use the antibiotic disc dispenser to release several discs onto the agar surface. Press down with another bacteriological loop to secure. 

5. Observe the growth pattern after at least 24 - 48 hours of growth (standard read time is 48 hours). 

QUESTIONS:

1.  What do the clear areas indicate?

2.  What evidence do you have that the inhibition of the microorganisms is due to the chemicals on the   

     discs and not the discs themselves?

3.  E. coli are normally harmless bacteria that live in the human intestines Does the reaction of E. coli to 

     antibiotics suggest antibiotics should be only used when necessary? Explain. 

4.  How does antibiotic differ from a disinfectant?

DAY 4 

RESULTS OF CONTROL OF BACTERIA

RESULTS AT 24 HOURS


RESULTS AT 48 HOURS
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Calculating R0 VALUES

1. Calculate R0 for diagram at each stage (wave) 

2. 
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3. Calculate R0 for diagram at each stage (wave) 
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4. Calculate R0 for diagram at each stage (wave) 

5. 
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6. What do you observe about the values of R0 in #1 compared to #2 and #3?

7. How many new people are infected after each wave for problem #2? Write an exponential relation for each step.

8. Write the exponential expression for how many new people are infected in problem #3 after wave 3?  Wave 5?  Wave n? 

9. If R0= 1, what happens to the number of infected?  This state is referred to a endemic infection.

10. What value of R0 should you choose to decrease the infected population?  Would this value cause the infection to end?  Why?

The College of Aard Knox Exploration    Name _____________________________


Each fall, the College of Aard Knox in Oxnard, CA receives a new class of freshmen along with some new transfers. The number of students decreases each year by drop-outs due to a recurring outbreak of bacterial meningitis, but the incoming freshman class always adds more students to the population each fall.  Here are some facts about good ole CAKO:

· There are presently 3000 students enrolled at the college

· The Registrar’s Office states that the student body decreases by 20% regardless of the incoming students

· Each fall, 1000 new freshmen and transfers are added

1. Do you think that the number of students at CAKO will grow without bound, level off at some point, fluctuate, or will the college eventually lose all its students?   Explain why you think your conjecture about long-term population is reasonable?

2. Use the table below to test your conjecture.

	Year
	Number of Students at College of Aard Knox

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	


	Year
	Number of Students at College of Aard Knox

	13
	

	14
	

	15
	

	16
	

	17
	

	18
	

	19
	

	20
	

	21
	

	22
	

	23
	

	24
	


3. Write the relationship of the change in the student body from the information above using the word NOW for this year’s student body and the word NEXT for next year’s student body.   This is called a recursive relationship because the next value in a sequence requires knowledge of the previous stage.

4. Replace the word NOW with Sn and the word NEXT with Sn+1.  This is a recursive equation where n represents a specific year and S is the number of students for that year.   Write the equation for year 12 using your new recursive equation.

Back to Aard Knox Exploration
Name ____________________________________


The College of Aard Knox has made entrance standards tougher and insisted that courses be more rigorous for this year.  These policy changes have affected how its student population changes.  Each fall, just as before, the college receives a new class of freshmen along with transfers. The number of students still decreases each year due to bacterial meningitis outbreaks as before, and the incoming freshman class always adds more students to the population each fall.   The academic standards have changed the student population as follows:

· There are presently still 3000 students at the college just as there were before

· The Academic Dean’s new policies have caused the student body to decreases by 25% (a steeper decrease from before), regardless of the incoming students

· Because of higher standards for entrance, each fall, only 775 new freshmen and transfers are added, which are a little fewer than before

1. Using your recursive formula from last time, change the necessary parts to reflect the change conditions at the college and write the new recursive formula.

2. Using your new formula, complete the table below to show the number of students predicted for each year.

	Year
	Number of Students at College of Aard Knox

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	


	Year
	Number of Students at College of Aard Knox

	13
	

	14
	

	15
	

	16
	

	17
	

	18
	

	19
	

	20
	

	21
	

	22
	

	23
	

	24
	


3. Do the results of the table surprise you?  Why?  How do they compare to the values of the table from last time?

4. What conditions changed?  To which of the conditions do you think the new results were due?  What makes you think that?  How could you find out?
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Case Study:  The Final Analysis

National Center for Infectious Diseases and Epidemiology Program Office, Centers for Disease Control and Prevention, Atlanta, GA 30333, USA. 

Context: Oxnard County Health Department (“OCHD”) received information from Oxnard Community Medical Center, a patient presented at the emergency room exhibiting the following symptoms: diarrhea, fever, and stomach cramps starting three days earlier upon initial exposure to the bacterium.  It has been established by the CDC that the following is true of this bacteria:

· It can be spread person to person by sneezing and shaking hands

· This student is the only person infected on the campus at that time

· The symptoms appeared immediately upon exposure to the bacterium

· There is no natural immunity among the student body to this bacterium

The doctor asked the patient the following questions:

Doctor: What do you do? 

Patient: I am a student.

Doctor: How many people do you come in contact with during the day?

Patient: 9 people  too many??

Doctor: How many students and staff/faculty are on campus?

Patient: 3800

Use the above information in the SIR spread sheet to determine a vaccination strategy.  

Interpret the information from the SIR model and write a response.  In your response, include the following:

· Explanation what criteria allow you to use this model for the case study

· Identify the single criterion that you must assume in order to use the SIR model

· The completed worksheet should be printed out and attached to your response.

Need Beta??? Risk of transmission??[image: image42.emf] 
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		989.2658947013		0.3459447422		9.8881605564

		988.9270856798		0.3388090216		10.2341052987

		988.5953788356		0.3317068441		10.5729143202

		988.2707342209		0.3246446147		10.9046211644

		987.9531058169		0.317628404		11.2292657791

		987.6424418683		0.3106639486		11.5468941831

		987.3386852166		0.3037566518		11.8575581317

		987.0417736304		0.2969115862		12.1613147834
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