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Introduction

This module was planned for classroom use for students of biology (grades 9-12) and of mathematics (Grades 9-12)

Biology –Math Linking.  This module is about the study of disease – its cause/s, its prevention, its spread, and its control.   The biology content involved has to do with those micro-organisms whose names are generally referred to as “germs” – bacteria and viruses.  Students should have already learned some basic information about bacteria and viruses so they can apply the principals of epidemiology to what they already know.  In addition the students may simulate the spread of a disease with a “hands-on” investigation.  This is an activity that dramatically convinces students about how the spread of a disease can occur rapidly.

The mathematical knowledge and skills learned from this module are statistical in nature, beginning with the calculation of probabilities, rate (as in reproductive rate, Ro), and determination of % of population need to be vaccinated against a disease in order to control the disease.   Students also learn to think symbolically (rather than only in terms of “numbers”) as in expressing number of cases who are “susceptible” and move to the “infected” stage, and eventually to the “recovered” state.  

Students learn and understand how a given value is affected by varying different factors that affect it.  E.g.   Ro depends on  (Beta),  (kappa) and D (the duration of the infectious period).  Furthermore their understanding (leading to an “aha!”) is reinforced by using a computer program that graphs the SIR (Susceptible, Infectious, Recovered) states as each of these factors is varied.    

The activities are designed to help students articulate their thoughts and share them with their classmates.  Throughout the five day unit, students become familiar with pertinent vocabulary associated with science (biology, epidemiology) and mathematics.  We hope that they will become proficient in the use of these new terms.  

The lessons are likewise useful in helping students comprehend the social issues associated with various diseases and what institutions must understand in order to help protect and improve public health.   It is important that students begin to think about what they as individuals can do to prevent the spread of disease(s). 

Tools 

Tools needed for this module are calculators and computers.  The teacher should have access to a computer with Power Point, Excel, and Word.  The students should each have their own calculator with basic functions.  The students should also have access to computers with Excel.  Ideally, each student would have a computer.  However, 2-3 students per computer should be sufficient.  

Organization

This module is organized by day and each day’s lesson is designed for a class period of 40 minutes.  Each day’s lesson is divided into class discussions, teacher’s role, and class activities.  The class activities may be a lab investigation and, or working on practice problems.  There are sample Homework questions, and a quiz.

This is an attempt to integrate ideas from biology with math.  By doing so, we hope to promote the understanding of the fact that our knowledge of biology has a strong dependence on mathematical theory.   It is hoped that with more teaching resources similar to this, teachers of biology and mathematics will be encouraged to teach their students to improve their awareness of, and to think more about, the bio-math relationship.  

National Science Education Standards that this module meets:

Reference:  NSES

                    National Academy Press

                    Washington D.C.    c. 1996

                    ISBN  0 309 05326 9

Teaching Standard A.  

Teachers of science plan an inquiry-based science program for their students.  In doing this, teachers

· Develop a framework yearlong and short-term goals for their students.

· Select science content and adapt and design curricula to meet the interests, knowledge, understanding, abilities, and experience of students.

· Select teaching and assessment strategies that support the development of students understanding and nurture a community of science learners.

· Work together as colleagues within and across disciplines and grade levels.

Teaching Standard B.

Teachers of Science guide and facilitate learning.  In doing this, teachers

· Focus and support inquiries while interacting with students.

· Orchestrate discourse among students about scientific ideas.

· Challenge students to accept and share responsibility for their own learning.

· Recognize and respond to student diversity and encourage all students to participate fully in science learning.

· Encourage and model the skills of scientific inquiry, as well as the curiosity, openness to new ideas and data, and skepticism that characterize science.

Teaching Standard C.

Teachers of science engage in ongoing assessment of their teaching and of student learning.  In doing this, teachers

· Use multiple methods and systematically gather data about student understanding and ability.

· Analyze assessment data to guide teaching.

· Guide students in self-assessment.

· Use student data, observations of teaching, and interactions with colleagues to report student achievement and opportunities to learn to students, teachers, parents, policy-makers, and the general public.

Teaching Standard D.

Teachers of science design and manange learning environments that provide students with the time, space, and resources needed for learning science.  In doing this, teachers,

· Structure the time available so that students are able to engage in extended investigations.

· Create a setting for student work that is flexible and supportive of science inquiry.

· Ensure a safe working environment.

· Make thee available science tools materials, media, and technological resources accessible to students.

· Identify and use resources outside the school.

· Engage students in designing the learning environment.

Teaching Standard E.

Teachers of science develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning.  In doing this, teachers

· Display and demand respect for the diverse ideas, skills, and experience of all students.

· Enable students to have a significant voice in decisions about the content and context of their work and require students to take responsibility for the learning of all members of the community.

· Nurture collaboration among students.

· Structure and facilitate ongoing formal and informal discussion based on a shared understanding of rules of scientific discourse.

· Model and emphasize the skills, attitudes, and values of scientific inquiry.

Teaching Standard F.

Teachers of science actively participate in the ongoing planning and development of the school science program.  In doing this, teachers

· Plan and develop the school science program.

· Participate in decisions concerning the allocation of time and other resources to the science program.

· Participate fully in planning and implementing professional growth and development strategies for themselves and their colleagues.

CONTENT STANDARDS    Grades 9 – 12

Unifying concepts and processes standards:

a. Systems, order and organization.

b. Evidence, models, and explanation.

c. Change, constancy, and measurement.

d. Evolution and equilibrium.

e. Form and function.

1. Science As Inquiry

               a.  Abilities necessary to do scientific inquiry.

               b.  Understanding about scientific inquiry.

2. Life Science Standards.

a. The cell

b. Molecular basis of heredity

c. Biological evolution

d. Interdependence of organisms

e. Matter, energy, and organization in living systems.

f. Behaviour of organisms.

3. Science and technology standards

a. Abilities of technological design.

b. Understanding about science and technology.

4. Science in personal and social perspectives.

a. Personal and community health.

b. Population growth.

c. Natural resources.

d. Environmental quality

e. Natural and human-induced hazards.

f. Science and technology in local, national and global challenges.

5. History and nature of science.

a. Science as a human endeavor.

b. Nature of scientific knowledge.

c. Historical perspectives.  

National Council of Teachers of Mathematics (NCTM) Standards that this module meets:

http://standards.nctm.org/document/index.htm

1.  Number and Operations Standard
Instructional programs from prekindergarten through grade 12
should enable all students to—
Understand numbers, ways of representing numbers, relationships among numbers, and number systems

2.  Data Analysis and Probability

Instructional programs from prekindergarten through grade 12 should enable all students to-- 
· formulate questions that can be addressed with data and collect, organize, and display relevant data to answer them; 
· select and use appropriate statistical methods to analyze data; 
· develop and evaluate inferences and predictions that are based on data; 
      *    understand and apply basic concepts of probability
 3. Use mathematical models to represent and understand quantitative relationships

· identify essential quantitative relationships in a situation and determine the class or classes of functions that might model the relationships;

· use symbolic expressions, including iterative and recursive forms, to represent relationships arising from various contexts
· draw reasonable conclusions about a situation being modeled.
  4.  Analyze change in various contexts

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

  5.  Algebra

· understand patterns, relations, and functions; 
· represent and analyze mathematical situations and structures using algebraic symbols; 
· use mathematical models to represent and understand quantitative relationships; 
· analyze change in various contexts. 
   6.  Communication

· organize and consolidate their mathematical thinking though 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. 
     7.   Reasoning and Proof

· recognize reasoning and proof as fundamental aspects of mathematics; 
· make and investigate mathematical conjectures; 
· develop and evaluate mathematical arguments and proofs; 
· select and use various types of reasoning and methods of proof. 
      8.   Problem Solving

· 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
    9.  Communication

· organize and consolidate their mathematical thinking though 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.
Prerequisites  

Students should have learned about bacteria and viruses and are able to

* Draw and label the parts of a typical bacterium and of a typical virus.

* Distinguish between prokaryotic and eukaryotic cells.

* Describe the life cycle of bacteria & viruses

If some review of viral replication is required, then the following activity is recommended:

Student Activity:  Stages of Virus Replication (?) 

Purpose:  To be able to arrange a set of diagrams about the stages of virus replication, from the initial stage to the final stage.

Teacher Prep:  Photocopy the diagram below – 1 copy per group.  Cut the diagrams out & laminate them.  Also photocopy the original diagram with the correct order and description of each stage to be able to hand out after students have reached a consensus about the process by which a virus replicates.

Procedure:  

1. Each group of students receives a set of 6 unlabeled diagrams representing stages in the “life cycle” of a virus.

2. Students are asked to arrange the diagrams in order; describe what is happening in each stage; and label each diagram.

Processing:

1. Students compare their results.

2. Class reaches a consensus about the process by which a virus multiplies. 

VIRUS diagrams

Reference:  http://www.slic2.wsu.edu:82/hurlbert/micro101/pages/Chap11.html
Evers, Chris.  “Lwoff’s Pathways – Viral Replication” MIT.  09.03.06

<http://web.mit.edu/esgbio/www/cb/virus/phagereplication.html>

<http://web.mit.edu/esgbio/www/cb/virus/phagerep.gifs>
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Overall Objectives:   At the end of this sequence of lessons, students should be able to -

Lesson 1 & 2

Objectives # 1-6   Students should be able to

1. Compare bacterial disease treatment and viral disease treatment /prevention

2. Define and correctly use the terms related to disease such as (a) latent period, (b) reservoir and (c) immunity.   

  3.   Describe methods of preventing viral infections

4. Describe treatments for bacterial infection.

5. Describe how viral infection leads to disease.

6. Describe methods of transmission of viruses.

Lesson 3 & 4

1. Describe concept of state graph.

2. Define state, event, transition.

3. Define susceptible, infected, recovered.

4. Define population, prevalence, and incidence.

5. Be able to create a state graph to model a 3-state system. 

6. Calculate prevalence & incidence in a given population.

Lesson 5

7. Define transmission rate, contacts and duration.

8. Calculate probability, R0
9. Apply the value of R0 to whether an epidemic will happen or not.

Lesson 6

10. Choose either the SIR model or SIS model to analyze data and determine the relative danger of a disease outbreak.

11. Determine the relative danger of an outbreak from case study data using either SIR or SIS model.

12. Calculate the percentage of the population required to be vaccinated to prevent an epidemic.

13. Modify the SIR and SIS models to reflect the effect of vaccination.

Lesson 7 (optional)

14. Use a Markov Chain to calculate the states of a disease at a specific time.

15. Debate whether or not viruses are alive.

Time frame – 6 class periods (40 minutes per class period) + optional extension materials 

Lab Activities:

* Role-playing as CDC staff.    Decision-making regarding Financial support for disease       control.

     * Spread of Infection (Disease)

     * Stages of Virus Replication 

Extensions – Have the students research a disease and present it to the class.  

Lesson 1 WHAT IS A DISEASE?

Objectives # 1-6   Students should be able to:

1. Compare bacterial disease treatment and viral disease treatment /prevention

2. Define and correctly use the terms related to disease such as (a) latent period, (b) reservoir and (c) immunity.   

3. Describe methods of preventing viral infections

4. Describe treatments for bacterial infection.

5. Describe how viral infection leads to disease.

6. Describe methods of transmission of viruses.

Materials needed:

· For alternative activate prior knowledge:  Photocopy of list of diseases – 1 per student

· Photocopy of vocabulary list with definitions – 1 per student

· Photocopy of “Outbreak!” handouts – depends if you would like each student to have a copy of each scenario or 1 scenario per group.

Introduction

Part A.  Activating Prior Knowledge
1. 3 minutes – have students brainstorm in pairs the names of common illnesses they know. 

a. Remind students of the rules for brainstorming – all ideas are accepted; students may expand on ideas, but not negate them.

2. 5 minutes - The teacher should list the names on the board as each pair of students share the names of the diseases.  

a. As the teacher hears each name, (s)he should try to group them by whether the illness is caused by bacteria or viruses or other (environmental, genetic, prion, etc.).

b. Try to elicit from students how the illnesses are grouped.

Alternative for activating prior knowledge:  The teacher gives the students the following list of diseases & assigns pairs of students to group the diseases into three groups.  Hopefully some student pairs will group them by what causes the disease:  bacteria, virus, or protist.  Some may group them by whether a vaccine is administered or not.

Measles

Mumps

Rubella

Pertussis (whooping cough)

Cholera

Meningititis

Malaria

Giardia

Diphtheria

Yellow fever

HIV/AIDS

Strep throat

Chicken pox

Herpes

Polio

Ebola

Flu 

Lyme disease

Anthrax

Staphylococcus

Tuberculosis

Typhoid

Rabies

Avian flu

Tetanus

Common cold

Smallpox  

Cryptosporidium

Part B. Building vocabulary:  (10 minutes)

1. Hand out the vocabulary with definitions.

2. Teacher can relate the vocabulary terms to the discussion of illnesses on the board. 

For example:

a. Virus – an infectious agent

b. Bacteria – another type of infectious agent

c. Pathogenic – virus and bacteria are pathogenic; they have the ability to cause disease.  

d. Disease – when infected with a pathogen, you have a disease

e. Epidemiology – study of the spread of disease

f. outbreak – sudden increase in the incidence of disease

g. vaccination – how many students remember going to the doctor & getting a shot?

h. antibiotic – has anyone taken an antibiotic like penicillin, amoxicillin,  

i. Latent period - ask how many students have been next to someone who is sick, and then became sick themselves 3 or 4 days later.  That is the latent period.

j. Reservoir – the reservoir for bird flu in humans was the birds it came from.

k. Mortality rate – has anyone ever died from the illness you had?  Maybe not someone you know, but certainly someone has died from it.

l. Epidemic, pandemic, endemic – All sound similar… epidemic at the school level when flu season is here & 20% of the students stay home sick.  Pandemic – bird flu scare; endemic – perhaps a cold going around the school slowly.

m. Center for Disease Control – ask if anyone knows which agency helps monitor disease outbreaks around the world

Vocabulary List:

These terms are used within Activity 1 and should be given to the students before they start the activity.  

Name:  

	Word
	Definition
	Notes

	Virus
	An infectious agent that contains either RNA or DNA surrounded by a protein coat; are capable of growth and multiplication only in living cells, and cause various important diseases in humans, lower animals, or plants
	

	Bacteria
	Prokaryotic cells that are often grow in colonies; different species can be found almost anywhere in the world, but typically live in soil, water, organic matter, or the bodies of plants and animals.  They are noted for their biochemical effects and pathogenicity.  
	

	Pathogenic
	Having the capability to cause disease.  Pathogen – any disease producing agent, like viruses or bacteria.
	

	Disease
	a condition of a living organisms that impairs normal functioning and is typically manifested by distinguishing signs and symptoms
	

	Epidemiology
	a branch of medical science that deals with the incidence, distribution, and control of disease in a population
	

	Outbreak
	a sudden rise in the incidence of a disease
	

	Vaccination
	a preparation of killed microorganisms, living attenuated organisms, or living fully virulent organisms that is administered to produce or artificially increase immunity to a particular disease
	

	Antibiotic
	a substance that inhibits the growth or kills a microorganism
	

	latent period
	the time elapsed between infection and when symptoms show
	

	Reservoir
	Related to disease - animate or inanimate source of the infectious agent which are potential sources of outbreaks.  “An organism or a population that directly or indirectly transmits a pathogen while being virtually immune to its effects.” (Answers.com) (birds, water, monkeys, humans)
	

	mortality rate
	ratio of the number of deaths per 1000 members of a specified community or area over a specified period of time.
	

	Epidemic
	an outbreak or unusually high occurrence of a disease or illness in a population or area
	

	Pandemic
	epidemic over a wide geographic area
	

	Endemic
	a disease that is continuously present in a particular population of people


	

	Center for Disease Control (CDC)
	A government agency that works to help people, mostly in the United States, but also around the world life safer, healthier, and longer lives through health promotion, health security, and health diplomacy.  The CDC does allocate resources for monitoring outbreaks and epidemics world-wide as well as funds to help countries control diseases, but mostly for the ultimate protection of the US citizens.
	


Merriam-Webster On-line visited July 27, 2006   http://www.m-w.com/cgi-bin/dictionary

PART C.  Class Activity (22 minutes)

Role-playing in deciding which disease will receive financial support from CDC (the Center for Disease Control)

Brief Description:  Students of each team act as field agents for the CDC investigating requests for financial support to help control the outbreak of a particular disease.  Each team reviews the request and interviews the agency/person requesting funding.  Each team will present their decision (to provide funding or not) and explain the basis of their decision. 

Materials:  Handouts (Outbreak!)

Activity – 

1. Divide the class into 4 groups.

2. Give one “Outbreak!” scenario worksheet to each team of students.  

3. Have the students read the scenario and discuss in their groups how to report their findings to the Center for Disease Control (CDC).  

4. All students should be able to present the findings of the group, as the teacher will randomly select a student to present the information to the class.

Homework – Study vocabulary for quiz tomorrow.

Activity 1 Give one Outbreak! sheet to each team of students.  The students should have enough time to read their sheet and discuss in their groups how to report their findings to the CDC.  After each team has reported, the entire class should discuss which disease should receive the greatest amount of funding.  After all discussion is completed, the teacher can have the students guess which disease each of the sheets is (loosely) modeled after or the teacher can just tell them.  

Although answers to the questions will vary, it is hoped that the students will decide on funding based on the ability of this funding to curtail a global pandemic.  

Disease one is based on HIV.  Disease two is based on Ebola.  Disease three is based on the flu and disease four is based on measles (rubeola).  Although Ebola is horrifying, the chance of it spreading to other areas is low because of its low latency, high mortality rate, short duration and obvious symptoms.  HIV, however, could (and has) spread worldwide because of its long latency.  Flu is endemic in most areas and although it is not usually fatal, a great deal of resources are spent in vaccinating each year against the new strains that are expected mainly to protect the elderly and the young, who have a history of dying from complications (such as dehydration) related to the flu.

OUTBREAK!

Disease 1

The following is a transcript from a field agent for the Center for Disease Control (CDC).  She is interviewing a doctor in an African village about a recent outbreak.  She has sent this to you because your group is an advisory committee to the head of the CDC.  Your teacher will play the part of the head of the CDC.  It is your job to convince the head of the CDC to utilize the CDC’s resources in the best possible way.  Read the transcript below and answer the questions that follow:

Field Agent: When did your sickness start?

Doctor: It seems to have started about three months ago.

FA: Who was first?

Doctor: Deji, our village’s best hunter, became weak and ill and died two weeks ago.

FA: Have you seen anything like this before?

Doctor: Now that you mention it… Deji’s first wife died two years ago after losing weight rapidly.  I thought it was odd but then forgot about it.

FA: Did Deji have a history of illness?

Doctor: I have been the village doctor for many many years now. The only other time Deji was even partly sick was four years ago when he was bitten by a monkey during a hunt.  The wound was pretty bad but I bandaged it well and Deji was only bedridden for a couple of days.  He has been fine since.

FA: Has anyone else been affected?

Doctor: Mostly Deji’s family.  Over the past two years he had two newborns die shortly after birth but his teenage sons seem fine.  I told you about his first wife and now his second wife is starting to show signs of the flu and has some lesions on her body.  I am most worried because some people at the other villages are starting to show symptoms too.  I travel to these villages to help with surgeries and baby deliveries and have seen some of the problems there.

FA: What are the signs and symptoms?

Doctor: Weight loss, fever, flu-like symptoms and some have dark skin lesions?

FA: How long are people sick before they die?

Doctor: They seem to decline over weeks to months.

FA: How many have died?

Doctor: Only a handful so far but others are starting to show the signs.  Please help us!

Questions:

a. What is the reservoir for this virus?

b. What is the latent period for this virus?

c. What is the mortality rate?

d. How does it seem to spread?

e. What is the likelihood of the disease becoming a pandemic?

OUTBREAK!

Disease 2

The following is a transcript from a field agent for the Center for Disease Control (CDC).  She is interviewing a doctor in an African village about a recent outbreak.  She has sent this to you because your group is an advisory committee to the head of the CDC.  Your teacher will play the part of the head of the CDC.  It is your job to convince the head of the CDC to utilize the CDC’s resources in the best possible way.  Read the transcript below and answer the questions that follow:

Field Agent:  When did the sickness start?

Doctor:  It started about two weeks ago.

FA:  Who was first?

Doctor:  Pelumi, a young male, was the first to die this horrible death.

FA:  Have you seen anything like this before?

Doctor:  No, but I have not been here long.

FA:  Did Pelumi have a history of illness?

Doctor:  Not according to any records or other villagers.  The only time he really saw the previous doctor was 2 weeks ago when he was bitten by a fruit bat.

FA:  Has anyone else been affected?

Doctor: Anyone who had come into contact with Pelumi, including the previous doctor – that is why I am here now.  Everyone is afraid and is staying away from each other and this village.

FA:  What are the signs and symptoms?

Doctor:  Vomiting, diarrhea and bleeding from the mouth, nose and sometimes the eyes!

FA:  How long are the people sick before they die?

Doctor:  The pain and sickness lasts only 1-2 days before they die – the Lord shows them mercy.

FA:  How many have died?

Doctor:  Most of the village has died in only two weeks with most of those remaining starting to showo symptoms.  Please help us!

Questions:

a. What is the reservoir for this virus?

b. What is the latent period for this virus?

c. What is the mortality rate?

d. How does it seem to spread?

e. What is the likelihood of the disease becoming a pandemic?

OUTBREAK!

Disease 3

The following is a transcript from a field agent for the Center for Disease Control (CDC).  She is interviewing a doctor in an African village about a recent outbreak.  She has sent this to you because your group is an advisory committee to the head of the CDC.  Your teacher will play the part of the head of the CDC.  It is your job to convince the head of the CDC to utilize the CDC’s resources in the best possible way.  Read the transcript below and answer the questions that follow:

Field Agent:  When did the sickness start?

Doctor:  Two weeks ago.

FA:  Who was first?

Doctor:  Rafiya was the first to show symptoms.  She was sent home from school sick one day last week.

FA:  Have you seen anything like this before?

Doctor:  Yes, we have yearly outbreaks of very similar illnesses.  They are usually around the beginning of the monsoon season when the children spend more time indoors.

FA:  Did Rafiya have a history of illness?

Doctor:  No, she has been healthy until this point.

FA:  Has anyone else been affected?

Doctor: Yes, two others were sent home with the same symptoms the following day and most of the rest of the class has been ill since then.  The illness has spread to younger siblings and adults as well.  

FA:  What are the signs and symptoms?

Doctor:  Most patients exhibit fever, headache, extreme fatigue, sore throat, runny nose and muscle aches.  Some of the infants have become severely dehydrated and some of the elders have had chronic conditions, such as asthma and congestive heart failure worsen.

FA:  How long are the people sick before they recover?

Doctor:  Usually three to five days.  

FA:  How many have died?

Doctor:  None have died.  About 20% of the village has been sick with this illness.  Productivity is down.  The school has been closed to prevent it spreading to other children.

Questions:

a. What is the reservoir for this virus?

b. What is the latent period for this virus?

c. What is the mortality rate?

d. How does it seem to spread?

e. What is the likelihood of the disease becoming a pandemic?

OUTBREAK!

Disease 4

The following is a transcript from a field agent for the Center for Disease Control (CDC).  She is interviewing a doctor in an African village about a recent outbreak.  She has sent this to you because your group is an advisory committee to the head of the CDC.  Your teacher will play the part of the head of the CDC.  It is your job to convince the head of the CDC to utilize the CDC’s resources in the best possible way.  Read the transcript below and answer the questions that follow:

Field Agent:  When did the sickness start?

Doctor:  It started about four weeks ago.

FA:  Who was first?

Doctor:  Tomi, a young male, was the first to show the symptoms.

FA:  Have you seen anything like this before?

Doctor:  Yes, in other villages.

FA:  Did Tomi have a history of illness?

Doctor:  Not according to any records or other villagers.  He was healthy until he returned from visiting an uncle’s family in a nearby village.

FA:  Has anyone else been affected?

Doctor: Anyone who had come into contact with Tomi, but mostly the children.  His playmates were the first other than Tomi to show signs. 

FA:  What are the signs and symptoms?

Doctor:  The symptoms are coughing, conjunctivitis (inflammation of the eye lining), sensitivity to light, fever, a rash that starts on the face and head and spreads to the trunk and extremities.  There are often spots on the inside of the cheeks and symptoms similar to a head cold… runny nose and watery eyes.

FA:  How long are the people sick before they recover?

Doctor:  The sickness lasts for about two weeks.  

FA:  How many have died?

Doctor:  About 10% of the infants in the village have died.  The rate is much lower for the adults.  Maybe around 2%.

Questions:

a. What is the reservoir for this virus?

b. What is the latent period for this virus?

c. What is the mortality rate?

d. How does it seem to spread?
e. What is the likelihood of the disease becoming a pandemic?
QUIZ   1




Name _____________________________

Modeling Disease Outbreaks

Fill the blanks with the term  which is described in each question.

 ________________  1.  The ratio of the number of deaths per 1000 members of a  

                                         specified  community or area over a specified period of time.  

_________________  2.  The time elapsed between infection and  when symptoms 

                                          appear.

_________________  3.   A condition of an organism that impairs normal functioning 

                                          and is typically manifested by distinguishing signs and 

                                          symptoms.

__________________ 4.   An outbreak or unusually high occurrence of a disease or 

                                          illness in a population of area.

__________________ 5.  The animate or inanimate  source of the disease-causing 

                                           organisms  which are potential sources of outbreaks.

__________________ 6.  A branch of medical science that deals with the incidence, 

                                          distribution, and control of a disease in a population.

__________________ 7.  A government agency that works to help people, live safer, 

                                          healthier, and longer lives through health promotion, health 

                                          security and health diplomacy.

__________________ 8.  A preparation of dead microorganisms, or fully virulent 

                                          organisms that is administered to produce, or artificially 

                                          increase immunity to a particular disease.

__________________  9. A substance that inhibits the growth of, or kills, 

                                          microorganisms.

__________________ 10.  An infectious agent that contains either DNA or RNA  

                                            surrounded by a protein coat.

__________________ 11.  Prokaryotic cells that often grow in colonies, typically live in 

                                             the soil, water,  organic matter.  They are noted for their 

                                             biochemical effects and pathogenecity.

___________________12.  A sudden rise in the incidence of a disease.  

___________________ 13.  An infectious agent capable of growth and multiplication 

                                               only in living cells.

___________________14.  An epidemic over a wide geographic area.

Compare and contrast the following terms:  

1. Virus and Bacteria

2. an epidemic condition and a pandemic condition

Key QUIZ   1




Name _____________________________

Modeling Disease Outbreaks

Fill the blanks with the term  which is described in each question.

 mortality rate            1.  The ratio of the number of deaths per 1000 members of a  

                                         specified  community or area over a specified period of time.  

latent period               2.  The time elapsed between infection and  when symptoms 

                                          appear.

disease                        3.   A condition of an organism that impairs normal functioning 

                                          and is typically manifested by distinguishing signs and 

                                          symptoms.

epidemic                     4.   An outbreak or unusually high occurrence of a disease or 

                                          illness in a population of area.

reservoir                     5.  The animate or inanimate  source of the disease-causing 

                                           organisms  which are potential sources of outbreaks.

epidemiology              6.  A branch of medical science that deals with the incidence, 

                                          distribution, and control of a disease in a population.

CDC – Center for       7.  A government agency that works to help people, live safer, 

    Disease Control            healthier, and longer lives through health promotion, health 

                                          security and health diplomacy.

vaccination                 8.  A preparation of dead microorganisms, or fully virulent 

                                          organisms that is administered to produce, or artificially 

                                          increase immunity to a particular disease.

antibiotic                     9.  A substance that inhibits the growth of, or kills, 

                                          microorganisms.

virus                         10.  An infectious agent that contains either DNA or RNA  

                                            surrounded by a protein coat.

bacteria                     11.  Prokaryotic cells that often grow in colonies, typically live in 

                                             the soil, water,  organic matter.  They are noted for their 

                                             biochemical effects and pathogenecity.

outbreak                    12.  A sudden rise in the incidence of a disease.  

virus                           13.  An infectious agent capable of growth and multiplication 

                                               only in living cells.

pandemic                    14.  An epidemic over a wide geographic area.

Compare and contrast  the following terms:  

1. Virus and Bacteria Viruses are not cells, bacteria are.  Viruses are DNA or RNA with  a protein coat; bacteria are prokaryotic cells.  Both are capable of being pathogenic.
2. an epidemic condition and a pandemic condition.  An epidemic is a disease whose incidence is higher than normal in a particular area; a pandemic is a disease whose incidence is higher than normal worldwide.  Both conditions are when the incidence of a disease is higher than normal.
Lesson 2 – WHICH DISEASE SHOULD RECEIVE THE MOST FUNDING?

Objectives – finish objectives from yesterday 

Materials needed – 

Materials from yesterday

Photocopy of homework “Disease Research” 

1. 10 minutes - Quick Quiz to review vocabulary:  pathogenic, latent period, reservoir, mortality rate, epidemic, pandemic, endemic, Center for Disease Control, virus, bacteria 

2. 20 minutes - Each team reports their findings from their investigation.

3. 5 minutes - The entire class should discuss which disease should receive the greatest amount of funding.  

4. After all discussion is completed, the teacher can have the students guess which disease each of the sheets is (loosely) modeled after or the teacher can just tell them.  Although answers to the questions will vary, it is hoped that the students will decide on funding based on the ability of this funding to curtail a global pandemic.

a. Disease one is based on HIV.  HIV has spread worldwide because of its long latent period.

b. Disease two is based on Ebola.  Although Ebola is horrifying, the chance of it spreading to other areas is low because of its short latent period, high mortality rate, short duration and obvious symptoms.  

c. Disease three is based on the flu.  Flu is endemic in most areas and although it is not usually fatal, a great deal of resources are spent in vaccinating each year against the new strains that are expected mainly to protect the elderly and the young, who have a history of dying from complications (such as dehydration) related to the flu.

d. Disease four is based on German measles (Rubeola).  There is an effective vaccine that helps prevent illness.  In developing countries, mortality rate is 2-10% where vaccination is not as common as in developed nations.  In developed nations, mortality rate is only 0.1 – 0.2%.

Homework – #1 Research diseases.

Homework: Data Collection for several diseases

Worksheet about diseases (7 diseases); name & symptoms given, students each research one disease & share info during lesson 2.  Rubeola (German measles), Rubella (measles), Ebola, HIV, influenza, mumps, polio, meningitis, anthrax, staphylococcus infections, streptococcus infections, cavities, mono, hepatitis A, hepatitis B, hepatitis C, pertussis (whooping cough), chicken pox, avian flu, cholera, yellow fever, tuberculosis, Lyme disease, typhoid, rabies, (optional – Creutzfeldt-Jakob or mad cow disease, leshimaniasis, malaria, giardia, cryptosporidium).

Alternative:  Assign research for other (additional) diseases as “project”  

Name:

Homework




Modeling the Spread of Disease

1. Name of disease:  chicken pox

a. Name of infectious agent: 

b. Viral or bacterial? (Circle one) 

c. Transmission method: coughing and sneezing

d. Incubation period (or latent period or latency period): 14-16 days

e. Treatment - refraining from scratching blisters to prevent them from becoming infected.  Use of calamine or oatmeal baths to help relieve some of the itching.  Use non aspirin medications to relieve fever.

f. Prevention of disease: vaccination (introduced in 1995) 

g. Mortality rate: before 1995 100 deaths /4 million infections or .025 deaths per 1000 infected

h. Symptoms of person with disease: 

2. Name of disease:  Measles, Rubeola

a. Name of infectious agent: 

b. Viral or bacterial? (Circle one) 

c. Transmission method: respiratory droplets

d. Latent period: 9-12 days

e. Treatment: supportive care with hydration, and in developing countries vitamin A to prevent complications associated with a vitamin A deficiency (such as blindness)

f. Prevention of disease: vaccination

g. Mortality rate: 0.1 – 0.2% in industrialized nations; 2-10% in developing nations

h. Symptoms of person with disease: 

3. Name of disease:  Rubella

a. Name of infectious agent: 

b. Viral or bacterial? (Circle one) 

c. Transmission method: droplets from nose or throat that others breathe in; also pregnant woman’s bloodstream to infect the unborn child

d. Latent period: 14-21 days

e. Treatment:

f. Prevention of disease: vaccination

g. Mortality rate: 

h. Symptoms of person with disease: 

4. Name of disease:  Ebola hemorrhagic fever

a. Name of infectious agent: 

b. Viral or bacterial? (Circle one) 

c. Transmission method: no carrier; first patient becomes infected through contact with an infected animal, then direct contact with blood and/or secretions of an infected person; also through airborne particles in research conditions

d. Latent period: 2-21 days

e. Treatment - Give supportive therapy – maintain hydration and electrolytes, oxygen & blood pressure

f. Prevention of spread of disease: isolate patient & notify local and state health departments & CDC.  

g. Mortality rate: some die & haven’t mounted a significant immune response at time of death.

h. Symptoms of person with disease: 

5. Name of disease:  HIV/AIDS

a. Name of infectious agent:  

b. Viral or bacterial? (Circle one) 

c. Transmission method: contaminated body fluid to non-contaminated body fluid; some common transmission methods are sharing intravenous drug needles, unprotected sex, from mother to child (either across the placenta, during birth, or via breast milk)

d. Latent period: a few months to fifteen years ???

e. Treatment: no cure, but antiviral drugs to delay symptoms

f. Prevention of disease: education, abstain from risky behavior

g. Mortality rate: 2.1 per 100,000

h. Symptoms of person with disease: 

6. Name of disease:  influenza (flu)

a. Name of infectious agent: 

b. Viral or bacterial? (Circle one) 

c. Transmission method: respiratory droplets caused by coughing and sneezing from person to person, but it can be transmitted by touching something with flu viruses on it and then touching their nose or mouth. (infection can spread 1 day before symptoms and up to 5 days after becoming sick.)

d. Latent period: 1-4 days

e. Treatment: antiviral medications can help reduce the duration of the flu (amantadine, rimantadine, zanamavir, and oseltamivir), rest, drink plenty of fluids, over the counter pain relievers (never give aspirin to children)
f. Prevention of disease: vaccination, antiviral medication,  but good health habits, like washing your hands frequently, can help prevent contraction of the flu

g. Mortality rate: 18/100,000 or .18 per 1000

h. Symptoms of person with disease:  

7. Name of disease:  Streptococcus infection

a. Name of infectious agent: group A streptococcus
b. Viral or bacterial? (Circle one) 

c. Transmission method: sneezing, coughing, shaking hands; the bacteria that cause strep throat are in the nose and throat, so are easily spread

d. Latent period (during which the infection can spread):     up to 21 days without treatment, if taking treatment, contagion goes away after about 1 day

e. Treatment: 10 days of antibiotics, be sure to drink lots of fluids to stay hydrated

f. Prevention:  good hygiene; also to prevent spread once someone has the disease, keep eating utensils, dishes, drinking glasses separate from those that everyone else is using.  Don’t let your child share food, drinks, napkins, towels & be sure your child covers his or her mouth & nose during a sneeze or cough.

g. Mortality rate:

h. Symptoms of person with disease:  

8. Name of disease:  Lyme disease

a. Name of infectious agent: 

b. Viral or bacterial? (Circle one) 

c. Transmission method: to humans by the bite of infected ticks with the scientific name of Ixodes scapularis (known commonly as either deer ticks or blacklegged ticks)

d. Latent period: typically 4-14 days but can be between 3- 30 days before rash appears (if it does appear)

e. Treatment: antibiotics

f. Prevention of disease: use insect repellent, inspect for ticks & if found, remove them promptly, landscape and use integrated pest management

g. Mortality rate: rarely fatal

h. Symptoms of person with disease: 

9. Name of disease:  mumps

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period: 14-18 days

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

10. Name of disease:  anthrax

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

11. Name of disease:  Staphylococcus infection

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

12. Name of disease:  Avian flu

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

13. Name of disease:  Diptheria

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

14. Name of disease:  cholera

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period: 1-3 days

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

15. Name of disease:  Yellow fever

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

16. Name of disease:  Tuberculosis

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

17. Name of disease:  Typhoid

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

18. Name of disease:  rabies

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

19. Name of disease:  tetanus

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate:

h. Symptoms of person with disease:

20. Name of disease:  common cold

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period: 2-5 days

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

21. Name of disease:  smallpox

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period: 7-17 days

e. Treatment 

f. prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

22. Name of disease:  pertussis (whooping cough)

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period: 7-14 days

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

23. Name of disease:  Creutzfeldt-Jakob disease (a.k.a. mad cow)

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period: up to 30 years

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

24. Name of disease:  sickle cell disease

a. Name of infectious agent:

b. Viral or bacterial? (Circle one)

c. Transmission method:

d. Latent period:

e. Treatment:

f. Prevention of disease:

g. Mortality rate: 

h. Symptoms of person with disease:

Questions for processing:

1. List the names of all of the viral infections

2. List the names of all of the bacterial infections

3. Which infections can be treated with antibiotics?

4. Which infections can be prevented with vaccines?

5. Can any of the viral infections be treated with antibiotics?  Why or why not?

6. Which infections would you expect to spread quickly through a population?

7. Which infections would you expect to spread slowly through a population? 

8. Through which type of population would you expect to see measles spread quickly?  

a. HIV/AIDS? 

b. Ebola?  

c. Flu?  

d. Chicken pox?  

e. Measles?  

f. Rubella?  

g. Strep throat?  

h. Lyme disease?

9. How could you slow the spread of each of the infections in the previous question? 

Name:

Homework #1 key




Modeling the Spread of Disease

1. Name of disease:  chicken pox

a. Name of infectious agent: Varicella

b. Viral or bacterial? (Circle one) viral

c. Transmission method: coughing and sneezing

d. Incubation period (or latent period or latency period): 14-16 days

e. Treatment - refraining from scratching blisters to prevent them from becoming infected.  Use of calamine or oatmeal baths to help relieve some of the itching.  Use non aspirin medications to relieve fever.

f. Prevention of disease: vaccination (introduced in 1995) 

g. Mortality rate: before 1995 100 deaths /4 million infections or .025 deaths per 1000 infected

h. Symptoms of person with disease: A skin rash of blister-like lesions, usually on the face, scalp, or trunk

“Chickenpox:  It’s more serious than you think” http://www.cdc.gov/nip/diseases/varicella/SampleOpEdChickenpox.pdf

“Varicella – In Short” http://www.cdc.gov/nip/diseases/varicella/vac-chart.htm

2. Name of disease:  Measles, Rubeola

a. Name of infectious agent: morbillivirus

b. Viral or bacterial? (Circle one) virus

c. Transmission method: respiratory droplets

d. Latent period: 9-12 days

e. Treatment or prevention of disease: vaccine, but if disease is contracted, supportive care with hydration, and in developing countries vitamin A to prevent complications associated with a vitamin A deficiency (such as blindness)

f. Mortality rate: 0.1 – 0.2% in industrialized nations; 2-10% in developing nations

g. Symptoms of person with disease: cough, head cold, conjunctivitis, fever, photophobia, blue-white spots surrounded by a red halo in mouth (Koplik spots); rash in the face, and behind ears, entire trunk, extremities

Melissa Burnett, MD “Measles, Rubeola” last updated July 22, 2005   visited July 24, 2006 http://www.emedicine.com/derm/topic259.htm

3. Name of disease:  Rubella

a. Name of infectious agent: rubella virus

b. Viral or bacterial? (Circle one) viral

c. Transmission method: droplets from nose or throat that others breathe in; also pregnant woman’s bloodstream to infect the unborn child

d. Latent period: 14-21 days

e. Treatment 

f. Prevention of disease: immunization

g. Mortality rate: 

h. Symptoms of person with disease: mild fever, swollen & tender lymph nodes on back of neck or behind ears; spreading & itchy rash, headache, loss of appetite, conjunctivitis, 

“Infections:  Rubella (German Measles)”  Nemour Foundation  Reviewed by Larissa Hirsch, MD July 2006.  Visited July 24, 2006.  http://www.kidshealth.org/parent/infections/skin/german_measles.html

4. Name of disease:  Ebola hemorrhagic fever

a. Name of infectious agent: Ebola virus

b. Viral or bacterial? (Circle one) viral

c. Transmission method: no carrier; first patient becomes infected through contact with an infected animal, then direct contact with blood and/or secretions of an infected person; also through airborne particles in research conditions

d. Latent period: 2-21 days

e. Treatment - Give supportive therapy – maintain hydration and electrolytes, oxygen & blood pressure

f. Prevention of spread of disease: isolate patient & notify local and state health departments & CDC.  

g. Mortality rate: some die & haven’t mounted a significant immune response at time of death.

h. Symptoms of person with disease: fever, headache, joint & muscle aches, sore throat, weakness, diarrhea, vomiting, stomach pain.  Then rash, red eyes, hiccups, internal & external bleeding.

“Questions and Answers about Ebola Hemorrhagic Fever”  CDC

http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/ebola/qa.htm

5. Name of disease:  HIV/AIDS

a. Name of infectious agent:  Human Immunodeficiency Virus (HIV)

b. Viral or bacterial? (Circle one) viral

c. Transmission method: contaminated body fluid to non-contaminated body fluid; some common transmission methods are sharing intravenous drug needles, unprotected sex, from mother to child (either across the placenta, during birth, or via breast milk)

d. Latent period: a few months to fifteen years ???

e. Treatment: no cure, but antiviral drugs to delay symptoms

f. Prevention of disease: education, abstain from risky behavior

g. Mortality rate: 2.1 per 100,000

h. Symptoms of person with disease: mild flu within 3-6 weeks of infection that last for 1-4 weeks or asymptomatic.  After latent period, the virus actively multiplies and kills the cells in the immune system.   As the disease progresses, typical infections include recurring yeast infections, thrush, frequent outbreaks of herpes, skin rashes, Kaposi’s sarcoma, lymphoma, Candidiasis, human papilloma virus.  Typical other symptoms include lack of energy, weight loss, fevers, periods of fatigue in conjunction with headaches, lightheadedness and/or dizziness, rapid weight loss of more than 10 pounds not due to increased physical exercise or dieting

“Considering HIV/AIDS in Development Assistance:  A Toolkit”  “Document 1:  An Introduction to HIV/AIDS”
http://www.worldbank.org/aidsecon/toolkit/intro.htm

“Symptoms”  YOUANDAIDS   UNDP  (United Nations Disease Prevention?)

http://www.youandaids.org/About%20HIVAIDS/Symptoms/index.asp

6. Name of disease:  influenza (flu)

a. Name of infectious agent: influenza virus

b. Viral or bacterial? (Circle one) virus

c. Transmission method: respiratory droplets caused by coughing and sneezing from person to person, but it can be transmitted by touching something with flu viruses on it and then touching their nose or mouth. (infection can spread 1 day before symptoms and up to 5 days after becoming sick.)

d. Latent period: 1-4 days

e. Treatment: antiviral medications can help reduce the duration of the flu (amantadine, rimantadine, zanamavir, and oseltamivir), rest, drink plenty of fluids, over the counter pain relievers (never give aspirin to children)
f. Prevention of disease: vaccination, antiviral medication,  but good health habits, like washing your hands frequently, can help prevent contraction of the flu

g. Mortality rate: 18/100,000 or .18 per 1000

h. Symptoms of person with disease:  fever, headache, extreme tiredness, dry cough, sore throat, runny or stuffy nose, muscle aches, stomach symptoms, such as nausea, vomiting, and diarrhea can occur but are more common in children than adults

“Key Facts about Influenza and the Influenza Vaccine”  Centers for Disease Control and Prevention  visited on July 25, 2006  last modified Sept. 28, 2005 

http://www.cdc.gov/flu/keyfacts.htm
“Preventing the Flu” last modified Jan. 14, 2006

http://www.cdc.gov/flu/protect/preventing.htm

“Health A to Z”  Aetna IntiHealth reviews by the faculty of the Harvard Medical School  visited on July 25, 2006  last updated October 23, 2005

http://www.intelihealth.com/IH/ihtIH/8799/9339/10000.html

“Age-Adjusted and Age-Specific Pneumonia and Influenza Mortality Rates by Race and Sex
Michigan Residents, 1989-2004” visited July 25, 2006   date last updated 1/24/06

http://www.mdch.state.mi.us/PHA/OSR/cri/Flu.asp

7. Name of disease:  Streptococcus infection

a. Name of infectious agent: group A streptococcus
b. Viral or bacterial? (Circle one) bacteria

c. Transmission method: sneezing, coughing, shaking hands; the bacteria that cause strep throat are in the nose and throat, so are easily spread

d. Latent period (during which the infection can spread):     up to 21 days without treatment, if taking treatment, contagion goes away after about 1 day

e. Treatment: 10 days of antibiotics, be sure to drink lots of fluids to stay hydrated

f. Prevention:  good hygiene; also to prevent spread once someone has the disease, keep eating utensils, dishes, drinking glasses separate from those that everyone else is using.  Don’t let your child share food, drinks, napkins, towels & be sure your child covers his or her mouth & nose during a sneeze or cough.

g. Mortality rate:

h. Symptoms of person with disease:  sore throat that does not clear up on its own without medical treatment, within 3 days of the onset of the sore throat, the following symptoms may occur:  red & white patches in the throat, difficulty swallowing, swollen lymph nodes in the neck, red & swollen tonsils, headache, fever, lower stomach pain, loss of appetite and nausea, rash

“Kids Health”Reviewed by Ellen Deutsch, MD in March 2006 for Nemours Foundation  visited July 25, 2006   http://www.kidshealth.org/parent/infections/lung/strep_throat.html

8. Name of disease:  Lyme disease

a. Name of infectious agent: Borrelia vurgdorferi
b. Viral or bacterial? (Circle one) bacterial

c. Transmission method: to humans by the bite of infected ticks with the scientific name of Ixodes scapularis (known commonly as either deer ticks or blacklegged ticks)

d. Latent period: typically 4-14 days but can be between 3- 30 days before rash appears (if it does appear)

e. Treatment: antibiotics

f. Prevention of disease: use insect repellent, inspect for ticks & if found, remove them promptly, landscape and use integrated pest management

g. Mortality rate: rarely fatal

h. Symptoms of person with disease: symptoms vary from person to person & from time to time; common symptoms include:  circular rash called erythema migrans (EM) at the site of a tick bite within 3-30 days, fatigue, chills, fever, headache, muscle & joint aches, swollen lymph nodes.  If untreated, Bell’s palsy can develop, severe headaches & neck stiffness due to meningitis, shooting pains, heart palpitations, dizziness, joint pain.  Many symptoms go away, but if still no treatment, neurological &/or joint problems may manifest themselves.  

“Learn about Lyme Disease” CDC last updated Sept 29,2005   visited July 25, 2006

http://www.cdc.gov/ncidod/dvbid/lyme/index.htm

“Lyme Disease Symptoms”  CDC last updated October, 2005 visited July 25, 2006

http://www.cdc.gov/ncidod/dvbid/lyme/ld_humandisease_symptoms.htm

“Lyme Disease FAQs”  MedicineNet.com    last updated 12/28/2004  visited 7/25/2006

http://www.medicinenet.com/script/main/art.asp?articlekey=20367

“Incubation period” last modified 12 May 2006 ; visited 24 July 2006

http://en.wikipedia.org/wiki/Latent_period

Questions for processing:

1. List the names of all of the viral infections

2. List the names of all of the bacterial infections

3. Which infections can be treated with antibiotics?

4. Which infections can be prevented with vaccines?

5. Can any of the viral infections be treated with antibiotics?  Why or why not?

6. Which infections would you expect to spread quickly through a population?

7. Which infections would you expect to spread slowly through a population? 

8. Through which type of population would you expect to see measles spread quickly?  

a. HIV/AIDS? 

b. Ebola?  

c. Flu?  

d. Chicken pox?  

e. Measles?  

f. Rubella?  

g. Strep throat?  

h. Lyme disease?

9. How could you slow the spread of each of the infections in the previous question? 

Extensions:  Assign each student a disease to research extensively.  Accelerated students:  research diseases caused by prions and genetic disorders.  Research antibiotic resistance – define, describe how antibiotic resistance forms, what are the implications for antibiotic resistance & treating bacterial infections?

Lesson 3 - States, Events, Transitions

Objectives – (lesson 3 & 4)

7. Describe concept of state graph.

8. Define state, event, transition.

9. Define susceptible, infected, recovered.

10. Define population, prevalence, and incidence.

11. Be able to create a state graph to model a 3-state system. 

12. Calculate prevalence & incidence in a given population.

Materials needed:

· Either a transparency & overhead OR a computer &/or projector OR completed data table to go over homework

· 3 x 5 pieces of red, green and yellow construction paper (enough for 1 per student, but the number of each color does not have to be equal)

Part A – Review 

Homework Check (20 minutes)

1. Students fill in required information of diseases assigned yesterday on a Data Table.  All students need a copy of the information.  

[Ideas:  Use a transparency on an overhead projector and either have students copy it into their notebooks as you go, or make copies for the class.  

If a computer is available, students could type in the information on a Data Table, and then you could print out the Data Table.   

If students email the homework to you, you could compile it into a data table, print it out & go over it in class.]

2. Have students look for patterns, relationships, if any. 

3. Then have students make generalizations from the Data Table. 

4. Recap the dialogue among the students.

************** Alternate way to assess homework: 

1. Collect homework.

2. Give answer sheet to students. 

3. Discuss – bacterial treatments/prevention vs. viral treatments/prevention; pointing out which diseases are viral. **************

&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&Optional Activity:  

Simulating the Spread of Disease

Teacher Notes for Lab Investigation 1

Title - The Spread of Disease 
 Reference:  

*** http://www.pbs.org/wgbh/aso/resources/guide/medact4index.html
Disease Detectives
Overview: Simulate the spread of a disease and locate "patient zero" 

Learning Goal: Understand some factors that affect the spread of disease and the challenges of epidemiology 

Video Link: Bubonic Plague or The Role of Modern Medicine 

Introduction
From bubonic plague to AIDS to the Guinea worm parasite, scientists and public health officials have struggled to understand and contain the spread of infectious diseases. Using common laboratory equipment, students can simulate the spread of a simple imaginary disease in order to explore some factors that affect the rate of infection and the difficulties in tracing the path of transmission. Following the activity, have students view one of the video segments and discuss the importance of tracing an infection's roots. 
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Simulating an Epidemic
Materials: 

· test tube and dropper for each student 

· distilled water 

· 0.1 molar NaOH 

· phenolphthalein solution, dissolved in alcohol and diluted in water (pH indicator) 

1. Let students know they are going to model the transmission of a disease by exchanging some of their test tubes' contents with that of other students. Mention that one of the test tubes is "infected" with an imaginary infectious disease. (Prepare the test tubes prior to class: Fill one tube halfway with 0.1 molar NaOH; fill the rest of the tubes halfway with distilled water.) 

2. Distribute prepared test tubes and droppers randomly to the class. Make a mental note of who receives the test tube containing NaOH. 

3. Have students walk around the room with the test tubes. When you say "Stop!" each student should use a dropper to trade a drop of fluid with the person nearest them. Repeat until at least three trades have occurred. 

4. Now it's time to test for the imaginary infection. Put a drop of phenolphthalein in each test tube. If the fluid turns pink, the test tube is "infected" with NaOH. How many students are now "infected"?

CAUTION: Sodium hydroxide (NaOH) and phenolphthalein can irritate the eyes and skin. Alert students to avoid spilling.
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Tracing the Source of Infection
1. Now that a portion of the class has been "infected" put students in the role of epidemiologists. Their challenge is to collect data that will help them trace the path of the epidemic and locate the original carriers. 

2. As a class, use the data to try to deduce which individual was the original carrier of the disease. Why might it be important to locate the source of infection? What difficulties arise in trying to collect and interpret data? Note that the simulated disease has a 100% rate of infection that appears immediately under testing. Some infections, such as AIDS and chicken pox, can remain dormant in the body for a long time. Others, such as Ebola, kill the host rapidly. How might each of these factors affect the spread of disease and the ability to identify carriers? 

The Value of Discovery
One of the greatest discoveries in the fight against infectious disease was penicillin. Alexander Fleming, who found the mold that later became penicillin, saved a sample of the original mold. He eventually gave it to a colleague at St. Mary's Hospital in London. That colleague died in 1970, and his son recently auctioned off the sample for a surprising $25,300 to the Science Museum in London!

Teacher Notes:  If you have a large group (35 or more) you may want to begin with two test tubes containing NaOH. 
The final number of "infected" test tubes will vary depending on (1) the number of trades and (2) how many trades occur between two already infected tubes. 

A possible method to find "patient zero" is to have each student write his or her name on the board and underneath it the names of students with whom he or she exchanged fluids in the order in which the exchanges occurred. Then, as a class, highlight the names of the currently "infected" people (shown in bold in sample). 

This visual representation can help clarify which students may have infected one another, and in what order. Students who "test positive" and find that everyone with whom they traded also tested positive may be original carriers of the disease (Cal, Dee, Gib, and Hal in this example). It is likely that there will be several candidates for "patient zero." Cross-checking the history of each contact can narrow the field, but probably not to less than two candidates. (For example, here, Cal and Dee can be eliminated as "patient zero" because their first contacts, Bob and Ed, did not infect their own second contacts, Fran and Ilsa; either Gib or Hal, however, could be "patient zero.") If students are unable to reach a clear conclusion, the exercise will raise useful questions about the challenges facing real epidemiologists as they try to trace the sources of an infection. 

Sample Chart Tracing Infection 

	
	Ann
	Bob
	Cal
	Dee
	Ed
	Fran
	Gib
	Hal
	etc.

	Exchange 1
	Fran
	Cal
	Bob
	Ed
	Dee
	Ann
	Hal
	Gib
	

	Exchange 2
	Jo
	Fran
	Gib
	Hal
	Ilsa
	Bob
	Cal
	Dee
	

	Exchange 3
	Gib
	Dee
	Ed
	Bob
	Cal
	Jo
	Ann
	Lin
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PART B – State Graphs (20 minutes)

1. State activity 

a. Give out 1 piece of 3x5 red, green, or yellow construction paper to each student. 

b. Have students group themselves according to color within the classroom. 

c. The teacher will be acting as the transition matrix handing out pieces of paper.  Select one student from the green group & give him/her a yellow piece of paper.  (S)he should go immediately into the yellow group.  Repeat 10 – 15 times with different students from each group.  Be sure to include swapping a red for a red, green for a green, or a yellow for a yellow.  Use the rules that green can stay green or turn yellow, yellow can stay yellow or turn red, red can stay red or turn green.

d. Post activity discussion.  What were the rules for changing color?  Could we ever have orange (a mixture of yellow & red) or blue (a mixture of green & yellow), or brown (a mixture of red & green)?  Is there anything in life that this represents?  (Traffic light)  Did there have to be an equal number of people in each group at all times?

Homework – List 3 different scenarios and list the different states for each scenario. 

Alternate:  For each of the following scenarios, list as many different states as possible.

1. A soccer player who breaks her leg when she collides with an opponent.

2. A computer.

3. A deciduous tree.

Key:  

1. Soccer player states – not injured, injured, healed

2. Computer – on, off, hibernating, stand by

3. deciduous tree – no leaves in winter = dormant

green leaves in spring & summer = photosynthesizing

colored leaves in fall = photosynthesis is slowing down 

Lesson 4 – State Graphs, Prevalence, Incidence

Objectives – continue objectives for yesterday.

Materials needed:

· Photocopy of vocabulary words with definitions

· Photocopy of Practice sheet on State Graphs

· Computer with PowerPoint and projector

Part A – Homework review (5 minutes).  Put students in pairs, and have them share the 3 different scenarios & states for each scenario from last night’s homework.  Have them discuss their ideas.

Part B – Vocabulary building (15 mins).

· Go over the vocabulary with the students.

Name:





State Graphs, Prevalence, Incidence Vocabulary

	Word
	Definition
	Notes

	state
	one of the possible conditions in the model.  All members of the population are in one and only one state at a given time.  Between time intervals, population members are allowed to change states, but are always in one state or another at the time populations are counted.   It is a position in time. (e.g. when a traffic light is red, it is red. There is no time when it is both red and green.)
	

	event
	something that happens in time. (e.g. When the light switches from green to red.) 
	

	transition
	a change of states.  It is represented as an arrow and may be just in one direction, or it could be in both directions
	

	susceptible
	A person who is not diseased but is capable of becoming exposed and catching the disease.
	

	infected
	someone is diseased or in the infected state when they have been exposed to the pathogen and are able to infect others.  Sometimes symptoms are not yet displayed. 
	

	recovered
	A person moves to the recovered (or alternately removed) state when they are no longer affected by the disease, no longer capable of infecting others and unable to be re-infected.  This can be through recovering from the illness or dying.
	

	population
	total number of people in all of the states.
	

	prevalence
	the percentage of the population that is diseased at any given time. (I)
	

	incidence
	the number of new cases of disease per time periods. (S ( I)
	


1. A person’s state is one of the possible conditions in the model.  All members of the population are in one and only one state at a given time.  Between time intervals, population members are allowed to change states, but are always in one state or another at the time populations are counted.   It is a position in time. (e.g. when a traffic light is red, it is red. There is no time when it is both red and green.)

2. An event is something that happens in time. (e.g. When the light switches from green to red.) 

3. A transition is a change of states.  It is represented as an arrow and may be just in one direction, or it could be in both directions. 

You may begin the PowerPoint presentation for Lesson 4 “State Graphs” here.

· Can we represent the states of a traffic light in a graph?  Yes! 







· Can we represent the states of disease in a graph?  Yes!

· Go over the vocabulary with the students:

1. A member of the population is in the susceptible state if they are not diseased and are capable of becoming exposed and catching the disease.

2. Someone is diseased or in the infected state when they have been exposed to the pathogen and are able to infect others.  Sometimes symptoms are not yet displayed.

3. A person moves to the recovered (or alternately removed) state when they are no longer affected by the disease, no longer capable of infecting others and unable to be re-infected.  This can be through recovering from the illness or dying.

· Have students create a state graph of the disease states.





4. The population is the total number of people in all of the states.

5. The prevalence is the percentage of the population that is diseased at any given time. (I)

6. The incidence is the number of new cases of disease per time periods. (S ( I)

   PART C    Application and Practice:  (15 minutes)  

· Make state graphs to model the 4 case studies.  (Refer to Practice Sheet on State Graphs.)   *******Alternative – make state graphs for the scenarios from last night’s homework.*******

· Calculate the prevalence & incidence of a condition in a given population.

     Homework.  –Practice Sheet on

       (a)   calculating prevalence, incidence.  

       (b)  making state graphs for 

                  i.   where they are during the school day, 

                 ii.   soda machine, 

                iii    programmable robot (R2-D2), weather, 

Name:




Prevalence, Incidence and State Graph Worksheet

1.  If 12 people in a class have brown hair, 8 people have blonde hair and 24 have black hair, 

a) what is the prevalence of brown hair in the class?  

b) what is the prevalence of black hair in the class?

c) what is the prevalence of blonde hair in the class?

d) The following week, two people with brown hair dye their hair blonde.  What is the incidence of blonde hair?

2.  If the prevalence of a disease is given as 8 per 1,000 in males, how many of the males in a population of 23,250 would you expect to have the disease?

3.  The following is an unfinished state graph (finite state machine) of a commercial airline flight from New York to Chicago.  

a) Finish the state graph by adding transition lines.  From what perspective are the states of the graph named?

b) If we wanted to show the roundtrip flight for an airplane that flew from New York to Chicago and then back to New York would we have to add more states?

c) Could you think of a different way to represent the states of the flight?  Would you use more or less states?  Could you create and name the states from a different perspective?  


[image: image4]
4.  Create a state graph for your school schedule.  States should include all of the classrooms where you have classes during the day and where you have lunch.  There should be a transition for each change of rooms.  How many of your states have more than one arrow into them?  Redraw your graph considering hallways and stairways to be states.  Does this change the number of states with arrows pointing in?

Answer Key for Prevalence, Incidence and State Graph Worksheet

1.  If 12 people in a class have brown hair, 8 people have blonde hair and 16 have black hair, 

a) what is the prevalence of brown hair in the class?  

Answer: P(brown hair) = 12/(12+8+16) = 12/36 = .33

b) what is the prevalence of blonde hair in the class?


Answer: P(blonde hair) = 8/(12+8+16) = .22

c) what is the prevalence of nonblonde hair in the class?


Answer: P(not blonde) = (12+16)/(12+6+24) = 28/36 = .78

2.  If the prevalence of a disease is given as 8 per 1,000 in males, how many of the males in a population of 23,250 would you expect to have the disease?


Answer: 8/1000 * 23,250 = 186

3.  The following is an unfinished state graph (finite state machine) of a commercial airline flight from New York to Chicago.  

a) Finish the state graph by adding transition lines.  From what perspective are the states of the graph named?

Answer: Transition lines should be added from “Boarding” to “Taxiing,” from “Taxiing” to “Take off” from “Take off ” to “Flying” from “Flying” to “Landing” and from “Landing” to “Debarking.”

b) If we wanted to show the roundtrip flight for an airplane that flew from New York to Chicago and then back to New York would we have to add more states?



Answer: No, we can just add a transition from “Debarking” to “Boarding.”


[image: image5]
4. Create a state graph for your school schedule.  States should include all of the classrooms where you have classes during the day and where you have lunch.  There should be a transition for each change of rooms.  How many of your states have more than one arrow into them?  

Answer: Answers will vary, but should look similar to: 


[image: image6]
Reference: 

“Finite State Machine Tutorial”  by Nathaniel Meyer Generation 5 visited July 25,2006.  last  

       updated 3/10/03

http://www.generation5.org/content/2003/FSM_Tutorial.asp
Lesson 5 The Probability 

Objectives 

7. Define transmission rate, contacts and duration

8. Calculate probability, R0
9. Apply the value of R0 to whether an epidemic will happen or not.

Materials

· Computer with PowerPoint & projector

PART A Homework check (10 minutes)

PART B Vocabulary building (10 minutes) 

You may use the “FUNding for Diseases” PowerPoint Presentation that walks you through the following:

We will symbolize the probability of the event occurring by the notation P(event).
To calculate the probability that an event will occur, divide the number of “successful” events by the total number of “possible” events.  

Example 1:  

There are 25 students in a class and 10 of them have brown hair, the probability that a student has brown hair is:

P (brown hair) = # of students with brown hair/total # of students

P (brown hair) = 10/25 

P (brown hair) = 0 .40  

The probability that a student in the class has brown hair is .4 or 40%.

Example 2:

If we want to know the probability that a student does not have brown hair, we can then calculate it as:

            P(not brown hair) = (# students - # students w/brown hair)/total # of students

P (not brown hair) = (25-10)/25 

P (not brown hair) = 0.60 

The probability that a student in the class does not have brown hair is .6 or 60%.

\Example 3:

Alternatively we can calculate the probability that a student does not have brown hair by subtracting the probability that a student does have brown hair from 1.  

                      P (not brown hair) = 1 – probability of a student having brown hair

                      P (not brown hair) = 1- 0.40 

                      P (not brown hair) = 0.60

Using algebra, we see that if the probability of an event occurring is the number of successful events divided by the total number of events, then the expected number of successful events can be calculated by multiplying the probability and the total number of events.


P(event) = Success / Total


Success = P(event) x Total

Example 4:
There is a 0.10 chance that any student in a class of 30 will receive a grade higher than 95 on a test.  We can calculate the expected number of students with grades higher than 95 as:

# of students w/ grade > 95 = (probability of getting a grade > 95)(# of students in class)

            # of students w/grade > 95  =   0.10(30)

            # of students w/grade > 95  = 3 

We expect 3 students to have a grade higher than 95 on the test.

PART C   Practice problems for calculating probabilities (5 minutes)

                 Refer to Practice Sheet on Probabilities.

PART D   Introduce SIR model. (10 minutes)   -  PPT presentation

R0 (pronounced R naught or R zero) is the average number of individuals directly infected by an infected case during his or her entire infectious period after entering a totally susceptible population.  This is also known as the basic reproductive rate.  

A disease is endemic when it is present in a population in a low, but constant level

β (Greek letter beta) is the average risk of transmission per contact.

κ (Greek letter kappa) is the number of contacts that an average person in the population has per some unit of time.

D is the average duration of infectivity for an infected person.  

Note:  κ and D should be measured in the same units of time.

R0 = β · κ · D

If: R0 = 1, the disease is endemic in the population

R0 < 1, the disease will die out in the population.

R0 > 1, the disease will increase in the population (i.e. epidemic).

Note:  Have students discuss the effect of varying one or more of the factors (β , κ , D) that affect R0.

To calculate the number of susceptible individuals at time t + 1, we start with the number of susceptible individuals at time t and subtract the number who become infected during this time period.  We calculate that by multiplying R0 by the number of infectious individuals at time t and multiply that by the percentage of susceptible individuals (St/P). 

St+1 = St – [β · κ · D · It · (St / P)]

To calculate the number of infectious individuals at time t+1, we start with the number of infectious individuals at time t and add the number who became infected during this time period.  From that we subtract the number who have recovered during this time period (It/D). 

It+1 = It + [β · κ · It · (St / P)] - It / D

To calculate the number of recovered individuals at time t+1, we start with the number of recovered individuals at time t and add the number who recovered during this time period.


Rt+1 = Rt + It / D

HOMEWORK.   Probability Practice 

Calculate probabilities

Calculate numbers of cases from probabilities.

Name:






Probability Worksheet

1.  If we have a bag containing 8 red, 4 blue and 4 orange gumballs;

a)  What is the probability that a randomly chosen gumball is red?

b)  What is the probability that a randomly chosen gumball is not blue?

c)  What is the probability that a gumball is either red or blue?

2.  I know that there are 20 marbles in a bag.  I keep pulling marbles out, recording the color and putting them back in.  After pulling 50 marbles out, I have recorded 30 blue, 12 orange and 8 red.  


a) How many blue marbles do you expect there are in the bag?


b) How many orange marbles do you expect there are in the bag?


c) How many red marbles do you expect there are in the bag?

3.  A certain illness has transmission rate (β) of .5, and infectious duration of 2 days.  Calculate R0 for: 


a) a rural area where the average number of contacts per day is 4.


b) a suburban area where the average number of contacts per day is 12.


c) an urban area where the average number of contacts per day is 16.

4.  If we know that the basic reproductive rate of a disease is 1.5 in an area where there are, on average, 8 contacts per day, and the disease has an infectious duration of 3 days, what is the transmission rate?

Name:





Probability Worksheet Answer Key

1.  If we have a bag containing 8 red, 4 blue and 4 orange gumballs;

a)  What is the probability that a randomly chosen gumball is red?


Answer: P(red) = 8/(8+4+4) = 8/16 = .5

b)  What is the probability that a randomly chosen gumball is not blue?


Answer: P(not blue) = (8+4)/(8+4+4) = .75

c)  What is the probability that a gumball is either red or blue?


Answer: P(red or blue) = (8+4)/(8+4+4) = .75

2.  I know that there are 20 marbles in a bag.  I keep pulling marbles out, recording the color and putting them back in.  After pulling 50 marbles out, I have recorded 30 blue, 12 orange and 8 red.  


a) How many blue marbles do you expect there are in the bag?



Answer: P(blue) = 30/(30+12+8) = .6




Expected blue = .6 x 20 = 12 blue marbles


b) How many orange marbles do you expect there are in the bag?



Answer: P(orange) = 12/(30+12+8) = .24




Expected orange = .24 x 20 = 5 orange marbles


c) How many red marbles do you expect there are in the bag?



Answer: P(red) = 8/(30+12+8) = .16




Expected red = .16 x 20 = 3 red marbles

All answers are rounded to the nearest whole number because we 

do not expect fractions of a marble to be in the bag.

3.  A certain illness has transmission rate (β) of .5, and infectious duration of 2 days.  Calculate R0 for: 


a) a rural area where the average number of contacts per day is 4.



Answer: R0= .5 * 4 * 2 = 4


b) a suburban area where the average number of contacts per day is 12.



Answer: R0= .5 * 12 * 2 = 12


c) an urban area where the average number of contacts per day is 16.



Answer: R0= .5 * 16 * 2 = 16

4.  If we know that the basic reproductive rate of a disease is 1.5 in an area where there are, on average, 8 contacts per day, and the disease has an infectious duration of 3 days, what is the transmission rate?


Answer:  β = 8 * 3 / 1.5 = 16

Lesson 6   SIR AND SIS

Objectives: 

10. Choose either the SIR model or the SIS model to analyze data and determine the relative danger of a disease outbreak.

11. Determine the relative danger of an outbreak from case study data using either SIR or SIS model.

12. Calculate the percentage of the population required to be vaccinated in order to prevent an epidemic.

13. Modify the SIR and SIS models to reflect the effect of vaccination.

PART A  Homework Check.  (10 minutes)

PART B  Introduce the SIS model.  (10 minutes)

Go back to the SIS state graph and derive the equations from the SIR model equations.

Guide Questions:

1) Which equation do we not need?  Why not?

Answer: We do not need the equation to calculate the number recovered, since there is no recovered state in this model.

2) How can the equation for susceptibility be revised to reflect the number of cases that have recovered and become susceptible again?

Answer: We have to add in the number of infectious people who recover each time period.





St+1 = St – [β · κ · D · It · (St / P)] + It / D

3) Do we need to change the Infectious equation?

Answer: No, the calculation still works the same way.  The number infectious is the number from the previous time period, plus the number who become infected this time period minus the number who recover this time period.




It+1 = It + [β · κ · It · (St / P)] - It / D

PART C Play around with the computer model.  Compare to the SIR model.

PART D Calculate efficient vaccination rates using V < 1 – 1 / R0.  Modify both models to reflect vaccination within the population and discuss why we have a requirement to be vaccinated before entering grade school.

Lesson 7   MARKOV MAKES THE SCENE!

These are optional lessons.

Objective.  After this lesson, students should be able to 

14. Use a Markov Chain to calculate the states of a disease at a specific time.  

15. Debate whether or not viruses are alive 

PART A     Introduction of matrices and their multiplication. 

        Demonstrate matrix multiplication using 1x2 and 2x2 matrices.  

General form:
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Example 1:
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In the general form: 

If 
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[image: image10.wmf]ú

û

ù

ê

ë

é

F

E

D

C

 is the transition matrix, then

 
[image: image11.wmf][

]

F

B

D

A

E

B

C

A

´

+

´

´

+

´

is the new state matrix

Example of using matrix multiplication to determine a new state from a start state and given probabilities of changing states:

If, for a certain disease, people in the susceptible state have a .2 probability of becoming infected (which implies a .8 probability of remaining susceptible) and people in the infectious state have a .4 probability of recovering and returning to the susceptible state (which implies a .6 probability of remaining infectious, can we determine the percentages of people in each state from one time period to the next?

If we start with 90 % of the people susceptible and 10% infectious, our state matrix for time = 1 is S1=
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 and the transition matrix (which is derived from the chances of moving from one state to another) will be T​​1= 
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.  Note that susceptible to susceptible is in the upper left, susceptible to infectious is in the upper right, infectious to susceptible is lower left and infectious to infectious is lower right. 

So, our state matrix for time 2 will be:
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How do we turn this into a mathematical model of an epidemic?

Markov Chains:

A Markov chain is a sequence of states of a system.  The state at any given time depends upon the state at the previous time.  We can represent a Markov chain with a series of state matrices and transition matrices and use matrix multiplication to calculate each new state from the previous state.

We will use our knowledge of matrices and infectious disease models to create a Markov chain  model of infectious disease and we can have a computer do the mundane matrix calculations for us.  

The state matrices are easy.  S1 is determined by the initial conditions and S2 through Sn are determined by matrix multiplication of the previous state with the appropriate transition matrix.  The transition matrices are going to require us to do a little more thinking.  Since the SIS and SIR models both depend upon the current state of the system to calculate our transition probabilities, we have to take the current state matrix into account as well.

In the SIS model, if we look at the state matrix 
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 where q is the time step for which we are calculating our transition matrix, then our transition matrix will be of the form 
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 where a is the probability of changing from susceptible to infectious and b is the probability of changing from infectious to susceptible.  Therefore:
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In the SIR model, the state matrix at time q is 
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 and our transition matrix is of the form 
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, where a is the probability of moving from susceptible to infectious and b is the probability of moving from infectious to recovered.  Therefore:
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We should also note that the 0’s in the matrix are where there is a 0 probability to go from one state to another, such as going from susceptible to recovered.

PART C
Practice with matrix calculations.    

Refer to Practice Sheet on Matrices.  

Name:






Matrices Worksheet

1. Multiply the following matrices

A) 
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B) 
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C) 
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D) 
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E) 
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2. Using the Excel spreadsheet for the Markov chain modeling, try changing the values of β, κ and duration.  

a)  Is the result of the changes the same as in the iterative SIR model?

b)  Is the result of the changes the same as in the iterative SIS models?  

Matrices Worksheet Answers: 
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2.  a) and b)  the results should be the same.  

Resources:

Moon, Graham and Myles Gould (2000) Epidemiology: An Introduction Open University Press, Philadelphia

green





yellow





red





Recovered





Infectious





Susceptible	





Debarking in Chicago





Flight to Chicago





Landing in Chicago





Take off from New York





Taxiing


to runway





Boarding


in New York





Boarding





Taxiing





Take off





Landing





Flying





Debarking





Rm C8





Rm A3





Rm A12





Rm B21








_1218098684.unknown

_1218102209.unknown

_1219514239.unknown

_1219514337.unknown

_1219514729.unknown

_1219515169.unknown

_1219514559.unknown

_1219514241.unknown

_1218102256.unknown

_1218100909.unknown

_1218101495.unknown

_1218101851.unknown

_1218101932.unknown

_1218101783.unknown

_1218101441.unknown

_1218100058.unknown

_1218100319.unknown

_1218100595.unknown

_1218100196.unknown

_1218099515.unknown

_1218097190.unknown

_1218097714.unknown

_1218097790.unknown

_1218097288.unknown

_1218096977.unknown

_1218097146.unknown

_1218096737.unknown

