Course 2: Food Science
Project: Tracking the Source

Essential Question: What causes foodborne illness outbreaks? How can they be prevented? 

Engagement Scenario:  Physicians from bordering counties in the states of Nebraska and Kansas report to their respective State Departments of Health a total of 20 individuals with severe gastroenteritis and stool samples positive for E. coli O157:H7. The Departments of Health from both states notified the United States Centers for Disease Control and Prevention (CDC). The CDC launched an investigation into the cluster of illnesses.
 
The epidemiology specialists from your local health department have requested your help in investigating the severity of the outbreak including the prevalence, the source of infection, and means to end the outbreak. Your team will assist the local health department with the investigation and prepare a final case report to share with the epidemiology specialists.

To gather information about the outbreak, your team will develop a questionnaire that will be used to interview food borne illness victims. Your team will research various aspects of food safety including GAPS and cleaning versus sanitation. For the final report, your team will describe common exposures, potential causes (food, individuals, environmental samples, other) that should be tested, interpretations of laboratory results, necessary actions to stop the outbreak, and necessary actions to take to prevent future outbreaks. 

According to the Centers for Disease Control and Prevention, in 2011, “the overall annual estimate of the total burden of disease due to food consumed in the United States was 47.8 million illnesses, with 127,839 hospitalizations, and 3,037 deaths.” Because of these statistics, your local health department has emphasized the importance of solving the mystery of this food borne illness outbreak. 


*Note: All data and information related to the case study was adapted from Foodborne Illness Outbreak Investigation, http://ag.udel.edu/foodinvestigation/casestudies.html 




Project Overview

	Day
	Concept/Description

	1
2
	Students determine the prevalence of bacteria. Students define GAPS and good manufacturing practices (GMPs).

	3
	Students define epidemiology. Students determine the scope and meaning of the project.

	4
	Students will distinguish the difference between foodborne intoxication and foodborne infection. Students identify toxin, viral, and parasitic forms of foodborne illness.

	5
	Students will interpret existing data related to foodborne illness and display data in a variety of formats.

	6
7
	Students develop interview questions for a specific audience and investigate a foodborne illness outbreak. Students explain the impact of sampling methods, bias, and the phrasing of questions asked during data collection and the conclusions that can rightfully be made. Students will conduct an interview.

	8
	Students analyze data and draw conclusions. Students display data in a variety of formats.

	9
	Students describe the difference between cleaning and sanitation.

	10
	Students make predictions based on a specific data set. Students analyze the relationship between new and existing cases of foodborne illness.

	11
	Students calculate odds ratios from a given data set. Students will determine which foods/events are positively associated with the E. coli O157:H7 outbreak.

	12
	Students analyze food substances for pathogens.

	13
	Students will interpret gel electrophoresis results.

	14
	Students explain how food becomes contaminated. Students describe the consequences of a foodborne illness outbreak.

	15
16
17
	Students synthesize the findings of the case study. Students explain the cause of the foodborne illness outbreak. Students describe ways to prevent future outbreaks.

	18
	Students present findings of the case study.

	19
20
	Students define coliform. Students describe the relationship between coliform and food safety.




Day One 

Key Question of the Day: What is the relationship between bacteria and food safety? (Each day the key question should be prominently displayed and used to open the lesson.)

Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet (Appendix 1)
· “List as many things as you can remember about bacteria.” 
Learning Objectives
As a result of this lesson, students will be able to:
· Determine the prevalence of bacteria.
· Define GAPS.
· Define good manufacturing practices (GMPs).
Required Materials for Daily Lesson
· Weekly Bell-Work journal – Appendix 1 - One for each student
· Daily Exit Ticket – Appendix 2 – One for each student
· Flip chart
· Markers
· Lab Data Table adapted from Bacteria Everywhere - Lab adapted from Science and our Food Supply, page 18, by NSTA and FDA – Appendix 3 – One for each student
· Lab materials:
· Dissecting microscope or hand lenses to view microbial colonies
· Additional petri dishes with nutrient agar and covers for expanded tests
· Disinfecting solution to disinfect lab surfaces (20 mL of liquid household bleach in 1 L of water)
· For each team:
· 3 sterile Petri dishes with nutrient agar and covers
· 2 cups sterile water
· Sterile cotton swabs
· Parafilm or masking tape to seal the dishes
· Permanent marker
· Safety gloves
Estimated Instructional Time: One, 50-minute class period

Opening – (Designed to prepare students for learning. Students are prepared for learning by activating an overview of the upcoming learning experience, their prior knowledge, and the necessary vocabulary.)
· Read the Bell-Work question and solicit responses from the students. 
· After students share their responses, remind the class that bacteria are microbes that are diverse and highly adaptive. They can encapsulate to survive in harsh environments, and some are motile and move around using filaments. Others are heterotrophic and use a variety of sources for nutrients, which allows them to thrive just about anywhere.
· Ask the class, “How does this relate to food safety?”
· Write student responses on a flip chart.
· Explain that if bacteria are everywhere, it’s likely in our food supply. 

Middle - (Designed to provide a structure for learning that actively promotes the comprehension and retention of knowledge through the use of engaging strategies that acknowledge the brain's limitations of capacity and processing.)
· Assign students to teams of 3. 
· Each team should select 4 to 6 areas to examine. They should try for as many different areas as possible.
· Possible options include: hands, under fingernails, cell phone surface, computer keyboard, etc.
· Hands and under fingernails should be tested by at least one team.
· Next, each team should determine a hypothesis about which areas will have the most bacteria. Which will have the least? Why? How fast will the bacteria grow? Why?
· Each team should design an experiment to test their hypothesis.
· For example, if the team decides to test the classroom doorknob, under a desk, computer keyboard, and hands, and they hypothesize that the computer keyboard will have the most bacteria and the doorknob will have the least amount of bacteria, then they should come up with a way to test this. One way students could create the experimental design is by determining the length of time (hours/days) they think it will take bacteria to grow. 
· Teams will report out their hypothesis and lab design to the rest of the class. 
· Ask the class, “How can you be sure that your agar isn’t contaminated?”
· They should always have a control plate.
· Remind students how to swab a surface (on a dry surface using a moist swab) and inoculate a Petri dish. 
· Before students begin, quickly review the lab safety for the handling of bacteria.
· Unless they are the team swabbing their hands and fingernails, students should wash their hands thoroughly before starting the lab.
· Give each team 3 Petri dishes. 
· Students should label the dishes on the bottom (agar side).
· Divide the control dish into thirds. Label the control plate: agar, wet swab, and dry swab. 
· Divide and label the other two dishes with the areas they want to test.
· Label the dishes with the date, their team members, and class period (along the side on the Parafilm or tape).
· Give the class 10 to 15 minutes to gather their samples and inoculate their dishes.
· Tape the dishes closed. 
· Place dishes in an incubator at 35°C (95°F) or let the dishes sit at room temperature for the appropriate amount of time.
· Ask students to establish time parameters such as the number of hours or days it will take the bacteria to grow.

Closing - (Designed to promote the retention of knowledge through the use of engaging strategies designed to rehearse and practice skills for the purpose of moving knowledge into long-term memory.)
· Provide each student with the weekly Exit Ticket handout Appendix 2.
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“Where do you expect to find the most bacteria?”
· Collect the Exit Ticket for the day as students leave the classroom.


Day Two

Key Question of the Day: (Continuation of Day One) What is the relationship between bacteria and food safety? 
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What do you expect to see in your Petri dishes today?”
Learning Objectives
As a result of this lesson, students will be able to:
· Determine the prevalence of bacteria.
· Define good agricultural practices (GAPs).
· Define good manufacturing practices (GMPs).
Required Materials for Daily Lesson
· Computers 
· Internet
· Flip chart paper
· Markers
· Microscopes
· Post-It notes
· Lab Data Table – Appendix 3 – Bacteria Everywhere - Lab adapted from Science and our Food Supply, page 18, by NSTA and FDA
Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· After students share their responses, remind them of the importance of not opening the Petri dishes for safety reasons.

Middle – 40 minutes
· Have students observe the bacterial growth and record the results. Students can use the data table in Appendix 3 to record their data. 
· The petri dishes should never be opened due to the fact that the microbes growing are unidentified and could be potentially very dangerous if exposed to the air.
· Check with your local school district for instructions on how to properly dispose of the contaminated petri dishes. They should not be thrown in the trash.
· Students should draw their Petri dish on the back of the Data Table and illustrate the organisms that are growing.
· Students should analyze the results based on their observations, and respond to the following questions:
· What do you see?
· What do you notice about the colonies?
· Why do they look different?
· How can the different strains of bacteria be identified?
· As a class, discuss the responses to the questions. Explain that what they are seeing is colony morphology, which is recorded by size, color, edge, shape, and description of the colony height. This is unique to each organism. For example, molds are fuzzy and colorful. Yeast colonies cannot easily be distinguished from bacterial colonies.
· Each team should report out to the class:
· The areas they sampled
· The number of organisms they observed
· The characteristics of the organisms (size, shape, and color)
· Debrief the lab by discussing the following question with the class, “Were there any differences in your results compared to the other teams? How did your results support or reject your hypothesis?”
· Transition by explaining, “The point of this lab was to demonstrate that bacteria are everywhere. Bacteria are just one type of microbe that can sneak into our food supply and wreak havoc. As you learned in Course 1, there are all types of pathogens that can cause foodborne illness and impact food safety. There are two types of practices in place to help keep our food supply safe.”
· Post the acronym GAPs on a sheet of flip chart paper on one side of the room.
· Post the acronym GMPs on a sheet of flip chart paper on the other side of the room.
· Give each student three Post-It notes.
· Divide the class in half. 
· Half of the class will research GAPs and the other half will research GMPs.
· Students should determine what each acronym stands for, a brief summary of the purpose, and how it helps the food supply.
· The research part should take 5 to 10 minutes.
· Answers should be written on the Post-It notes, and when students are finished, they should stick their Post-It’s on the corresponding flip chart.
· Bring the class back together for a brief discussion of each term.
· The point to be made, “Even though we have producers such as GAPs and GMPs, we know that microbes are everywhere, and we know that nothing is perfect, sometimes contamination occurs. We’re about to learn more about what happens when food safety is compromised.”

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“Describe the difference between GAPs and GMPs.”
· Collect the Exit Ticket for the day as students leave the classroom



Day Three

Key Question of the Day: Do you understand the project?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What is epidemiology?”
Learning Objectives
As a result of this lesson, students will be able to:
· Define epidemiology.
· Describe the purpose of the project.
· List the tasks and products related to the project.
Required Materials for Daily Lesson
· Computer 
· Projector
· Internet
· Video - http://www.youtube.com/watch?v=YnC7Fbx5uSM (E. coli Outbreak Spurs Major Ground Beef Recall)
· Project Description – Appendix 4 – One for each student
· Project Management Log – Appendix 5 - One for each student
· Venn Diagram – Appendix 6
Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Students may not be familiar with this term. They can use cell phones or any Internet device to look up the definition.
· Explain that, “According to Webster’s dictionary, epidemiology is a branch of medical science that deals with the incidence, distribution, and control of disease in a population.”

Middle – 40 minutes
· Show the video - http://www.youtube.com/watch?v=YnC7Fbx5uSM 
· Ask the class, “What is the connection between the definition of epidemiology and this news report, which focuses on E. coli?”
· Distribute a copy of Appendix 6 to each student. They should fill in the diagram to compare and contrast epidemiology and E. coli.
· Have the class share their responses.
· Give each student a copy of the project description (Appendix 4).
· Students should take about five minutes to read the project description.
· Discuss the project components and answer any questions.
· You can assign teams or allow students to select their teams, but the students will work with the same team for the duration of the project.
· The size of the team will depend on the number of students in the class. Teams of 2-3 would be ideal.
· Teams should determine a team name.
· Give each student a copy of the project management log (Appendix 5) and explain that students will keep track of work during the project using the log.
· Share the following information about the case investigation with the class once the teams are established, “Eleven patients are showing signs of recovery; however, 8 individuals are in reportedly in poor medical condition and another has since died due to kidney failure. Additional cases of severe gastroenteritis have been reported in the region. More people may become sick if you cannot identify the source quickly and recommend actions necessary to stop the outbreak. The public is counting on you to solve this case.”
· This information is part of the project and is necessary for students to have the full understanding of the investigation.
· Ask students to recall what they recall about E. coli from Course 1.
· Have a discussion and remind students about the basics of E. coli, “Escherichia coli O157:H7 is an enterohemorrhagic human pathogen that is estimated to cause tens of thousands of cases of gastroenteritis in the U.S. per year and is the leading cause of hemolytic uremic syndrome (HUS). It can colonize the gastrointestinal tracts of ruminant animals including cattle, sheep, deer, and goats without adverse health response in the animals. Outbreaks of E. coli O157:H7 in humans have been associated with consumption of contaminated undercooked beef, raw milk, and produce including leafy greens and unpasteurized apple cider, despite its acidity. Infections have been acquired by direct contact, as in petting zoos, with animals shedding the bacteria in feces. Person-to-person transmission occurs through the fecal-oral route. E. coli O157:H7 produces shiga-like toxin(s) and is not to be confused with nonpathogenic E. coli which is part of the natural gastrointestinal microbiota of healthy individuals.” – from the case study background

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
 “What questions do you have about the project?”
· Collect the Exit Ticket for the day as students leave the classroom.


Day Four

Key Question of the Day: What is the difference between food intoxication and food infection?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Think back to the last time you were sick from something you ate. How did you know that your illness was caused by the food? What were your symptoms?”
Learning Objectives
As a result of this lesson, students will be able to:
· Distinguish the difference between foodborne intoxication and foodborne infection.
· Identify toxin, viral, and parasitic forms of foodborne illness.
Required Materials for Daily Lesson
· Computers
· Internet
· Flip chart
· Markers
· Article 1 – Appendix 7.1
· Article 2 – Appendix 7.2
· Article 3 – Appendix 7.3
Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· As students share their experiences, have a discussion about foodborne illness and the causes.
· Explain that, “We know that foodborne illness stems from improper handling and/or storage. But there are categories of foodborne illness and we’re going to explore those today to help us gain some background information about the current case we are investigating.”

Middle – 40 minutes
· Begin by having students research the definition of foodborne intoxication and foodborne infection. They can use textbooks and/or the Internet to complete this research.
· In addition to the definition, they should also find examples of each.
· When they are finished, bring the class back together for a brief discussion by having them share their findings. 
· Record their findings on a sheet of flip chart paper.
· Teacher TIP! Use the following information to guide the discussion if students are off base with their findings:
· Foodborne intoxication – Occurs when consuming foods that contain poisonous toxins produced by a microorganism. It’s usually a toxin that causes illness. The microbe that produces the toxin is NOT the cause of the illness. Examples include: Staphylococcus aureus, Clostridium botulinum (botulism), mold toxins (mycotixins), and aflatoxin.
· Foodborne infection – occurs when a food source that is infected by the living pathogen is consumed. Examples include Salmonella, Listeria, and Campylobacter.
· Next, divide the class into three groups. 
· Each group will read one of the three articles.
· Each article covers a different type of foodborne infection (toxin-mediated, viral, and parasitic).
· The students can read independently or they can read as a team where each student reads an assigned part of the article.
· When students are finished reading, they should use a sheet of flip chart paper to summarize the article, including the 5 W’s plus How (who, what, when, where, how, why). 
· When the teams are finished creating their summaries, each team will share with the rest of the class.
· Have a brief discussion about the articles. As you discuss the articles, ask students if they can identify if the issue in the article is caused by foodborne intoxication or foodborne infection, and if it’s a foodborne infection, what type (toxin, viral, parasitic). 
· Teacher TIP! Use the following content as a reference to explain the types of foodborne infections during your discussion:
· Toxin-mediated – Similar to foodborne intoxications because they are also caused by a microbe that produces toxins. The difference is that in this case, the toxins grow and produce toxins in the intestine of the infected person, not the carrier of the microbe. So, the toxin isn’t actually passed from the food source to the human, just the microbe which produces the toxin. Examples include Shigella, Clostridium perfringens, E. coli.
· Viral – Food is usually contaminated with viruses when they come in contact with polluted water or through improper personal hygene of food handlers. The virus will reproduce inside the living cells of the person consuming the food. Examples include Hepatits A, norovirus, and rotavirus.
· Parasitic – Parasites typically live inside animals that humans consume. Foodborne parasites include protozoa, roundworms, and flatworms. Examples include toxoplasma gondii and cyclospora.
· Create a project word wall and add the terms foodborne intoxication and foodborne infection.
· For the remainder of the project, build the word wall by adding key terminology.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“We are investigating an E. coli O157:H7 outbreak. Based on what you learned today, what type of foodborne illness is E. coli O157:H7?”
· Collect the Exit Ticket for the day as students leave the classroom

Day Five

Key Question of the Day: What is the prevalence of foodborne illness outbreaks in our state? 
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “When is the last time you heard of a foodborne illness outbreak in our state?”
Learning Objectives
As a result of this lesson, students will be able to:
· Interpret existing data related to foodborne illness.
· Display data in a variety of formats.
Required Materials for Daily Lesson
· Computers
· Internet
· Microsoft Excel or other graphing tool
· Projector
· http://wwwn.cdc.gov/foodborneoutbreaks/Default.aspx - This is not available in a downloadable text form. If you attempt to use this link and it is no longer active, this exercise can be modified.
Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Students will share stories they may have heard about related to recent foodborne illness outbreaks.
· “As we prepare to investigate an E. coli O157:H7 outbreak, let’s explore foodborne illness in general. How prevalent are foodborne illness outbreaks?”

Middle – 40 minutes
· Each student should visit the website http://wwwn.cdc.gov/foodborneoutbreaks/Default.aspx
· Use the following search criteria:
· Year: All
· State: Kansas or Nebraska (or whatever state you live in)
· Location of Consumption: All
· Etiology (Origin): All
· The search will display a large data table with all kinds of information about the reported foodborne illnesses.
· The goal of this exercise is not only for students to learn about the prevalence of foodborne illness outbreaks, but to practice reading and interpreting data. So within their teams, students should determine how to graph the data.
· As a team, students should review the available data and determine what trends they want to compare or what question(s) they want to answer as the basis for the graphs they create.
· Microsoft Excel will be used to create the graphs (if available)
· When they are finished, each team should have a total of three different data sets to share with the class.
· Students should list their task on the project management log (Appendix 5).
· Data can be displayed using a projector.
· After each team shares their data, debrief by asking the following questions:
· Which foodborne illness was the most common?
· What was the location of most of the reported cases?
· What was the source of most of the reported cases?
· How many reported cases resulted in death?
· What does this information tell us about food safety and foodborne illness?

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“How prevalent are foodborne illness outbreaks? Summarize what you learned today.”
· Collect the Exit Ticket for the day as students leave the classroom


Day Six

Key Question of the Day: How are foodborne illness outbreaks investigated? 
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What methods are used to gather information for research and analysis?
Learning Objectives
As a result of this lesson, students will be able to:
· Develop interview questions for a specific audience.
· Investigate a foodborne illness outbreak.
· Explain the impact of sampling methods, bias, and the phrasing of questions asked during data collection and the conclusions that can rightfully be made.
Required Materials for Daily Lesson
· Interview Data – Appendix 8 – One per team
Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Possible responses may include:
· Interviews
· Surveys
· Communication records
· “Depending on the type of investigation, any of these methods could be used. To investigate a foodborne illness, interviews are a great starting point. Our goal is to determine a possible source of infection. How do we proceed with interviews?”

Middle – 40 minutes
· “Before we determine how to proceed with the interviews, let’s unpack a bit more information about the outbreak.”
· Share the following information with the class:
· “Preliminary results of the investigation revealed one commonality: all patients had visited the local farm during elementary school field trips within 1 to 5 days prior to the onset of symptoms. Were their illnesses the result of consumption of one type of contaminated food or beverage, several different contaminated foods or beverages, environmental exposure, and/or exposure to an infected individual? Or is the farm a purely coincidental commonality and not the point of infection?”
· Each team will be charged with the following tasks:
· Determine whom to interview.
· Teacher TIP! This should include people such as farm employees, patrons who were at the farm at the same time but did not contract E. coli O157:H7 (they would be the negative controls)
· Develop interview questions based on what is known about the outbreak.
· Develop interview questions to help uncover what is not known about the outbreak.
· Sample questions (Do NOT share these with the students, but use to help guide the students in the right direction):
· Describe health condition and symptoms, if any.
· When did symptoms begin?
· Have you recently been exposed to someone diagnosed with or exhibiting symptoms of gastroenteritis?
· Food/beverage intake history in past 5 days?
· With whom did you share meals in the past 5 days? Anyone report illness to your knowledge?
· Prior health conditions?
· Did you visit the local farm?
· Have you traveled in the past 5 days?
· There is no limit to the number of questions the students should have in their interview guides. Teams should have enough questions to get the information they are seeking.
·  Review what makes a good interview:
· Yes/no questions only when appropriate
· Open-ended questions so the interviewee can be descriptive
· Be prepared to ask follow-up questions to gain additional information
· Explain researcher bias and how that can impact the analysis of the data and overall conclusions.
· Discuss the meaning of bias and how personal biases can influence how questions are worded
· Give teams time to work on this before giving them Appendix 8 so that they have time to brainstorm ideas without too many hints.
· Conduct a progress check with each team to determine when they are ready to receive Appendix 8. Explain that this data came from the interviews conducted by the epidemiologists at the local health department.
· Teams will use this to help with the development of their interview guide.
· Teams will have the rest of the class period to create their interview guides.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What are the characteristics of a good interview question?”
· Collect the Exit Ticket for the day as students leave the classroom


Day Seven

Key Question of the Day: (Continuation of Day Six) How are foodborne illness outbreaks investigated? 
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What questions do you have about your interview guides?”
Learning Objective
As a result of this lesson, students will be able to:
· Develop interview questions for a specific audience.
· Investigate a foodborne illness outbreak.
· Conduct an interview.
Required Materials for Daily Lesson
· Interview Data – Appendix 8 - One per team
· Guests to serve as interviewees
· Teacher TIP! These can be anyone, despite the characteristics listed in the case study, since it will just be a role-play. These actors can be parents, teachers, other students, or anyone willing to volunteer their time. This is also a good opportunity to invite local healthcare workers or food/agriculture employees. Seven are recommended and outlined in the case study, but for larger classes, consider inviting more people for time efficiency.
· Possible Responses – Appendix 9
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Address any outstanding questions the students might have. This is also a good opportunity to do a status check and determine if teams need additional time to finish their guides.

Middle – 40 minutes
· Explain that, “Today you will have an opportunity to interview individuals who might be able to help us get one step closer to identifying how the outbreak began.”
· Each team will rotate to each guest and will have up to five minutes to ask the questions on the interview guide they created.
· Use music or a timer to cue the teams when they should rotate.
· The guests will have Appendix 9 to use as reference material for their responses.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What initial conclusions can you make from the interviews you conducted today?” 
· Collect the Exit Ticket for the day as students leave the classroom

Day Eight

Key Question of the Day: How do you report and analyze data?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What is the best way to analyze the data from our interviews?”
Learning Objective
As a result of this lesson, students will be able to:
· Analyze data and draw conclusions.
· Display data in a variety of formats.
Required Materials for Daily Lesson
· Computers
· Microsoft Excel or other graphing tool
· Interview Data – Appendix 8 - One per team
Estimated Instructional Time: Two, 50-minute class periods

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Possible responses may include:
· Graphs
· Charts
· Tables
· Infographic
· Explain to students, “There are a number of ways to display data. The method you select should be based on the questions you are trying to answer. In this case, we are looking for patterns, so how should we analyze our data?”
· The answer is by creating charts/graphs/tables

Middle – 40 minutes
· Teams had practice on Day 5 doing a similar exercise. They will apply knowledge from that lesson and determine the best way to display their data. They will also have to use data from Appendix 8.
· Options include a bar graph of the number of patients who developed symptoms and the dates of symptom onset; the same graph by adding a plot for the number of patients who developed symptoms and the dates they visited the farm; a table with data on the foods consumed by all individuals and whether the foods were positively or negatively associated with the illness.
· Each team should have more than one display of data, so each team member should be responsible for creating a data output.
· Students should list their task on the project management log (Appendix 5).
· Students can use Microsoft Excel (if available) to create graphs/charts.
· For this exercise, teams will not present their data because it will be revealed at the end of the project when they present their case reports. So, each team will keep this information to be added to their final reports.
· After each team completes their data analysis, they should discuss their findings and begin to draw some initial conclusions.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What has your data revealed about the E. coli O157:H7 outbreak?” 
· Collect the Exit Ticket for the day as students leave the classroom




Day Nine

Key Question of the Day: What is the difference between cleaning and sanitation?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “So far, a review of farm employee health and absentee records and interviews with select individuals were conducted. Could the ill farm employee listed in Table 1 have been the original source of contamination in this outbreak? Why or why not?”
Learning Objective
As a result of this lesson, students will be able to:
· Describe the difference between cleaning and sanitation.
Required Materials for Daily Lesson
· Student Lab Sheet – Appendix 10 - Adapted from Science and our Food Supply by NSTA and FDA page 66-68
· Lab materials:
· .25 pound (113 grams) of raw hamburger (prepackaged in serving size by grocery store, if possible, to avoid any unnecessary contamination)
· Sharp knife to open hamburger package
· 3 individually packaged slices of cheese
· 2 cutting boards
· 5 pre-poured, sterile nutrient agar petri dishes and covers
· 5 sterile swabs
· Paper towels
· Alcohol wipes
· Safety gloves, apron
· Sterile water to moisten swabs
· Parafilm or masking tape to seal plates
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Explain to students, “Those of you who said no are correct. This employee can’t be the source of contamination because the onset of illness for affected employees was after the onset date of the first case, considering the full presumed incubation period and potential for overlap.” 
· Transition by explaining that one of the individuals whose stool sample tested positive for E. coli O157:H7 is a food handler in a restaurant. 
· Ask the class, “What additional measures should be taken to protect the public?”
· Clean the kitchen
· Sanitize the kitchen
· Wash hands after using the restroom
· Refrain from preparing food for others
· Ask the class, “What’s the difference between cleaning and sanitation? Aren’t they the same?”

Middle – 40 minutes
· Lead a discussion by explaining that cleaning is the removal of visible grime, dirt, or grease, and sanitation involves placing an antimicrobial barrier on a clean surface to delay surface contamination by microbes. 
· Just because something is clean, doesn’t mean it is safe or free of microbes.
· Use of sanitizers is also risky because they can leave behind residue, which can then become a chemical hazard.
· Also, explain that cleaning and sanitizing each play a different role in food safety. 
· When trying to minimize food safety risks due to food allergies, cleaning is more effective than sanitizing because allergens are generally not microbial, such as peanut residue, so cleaning a surface typically is enough to reduce the risk.
· When trying to minimize food safety risks due to microbes, sanitizing is more effective than cleaning because sanitizing actually kills the microbes, whereas cleaning doesn’t.
· Transition by explaining that, “To learn more about this concept, we’re going to conduct an experiment with ground beef. We know that ground beef is a common carrier of E. coli O157:H7, and we also know that contaminated surfaces are food safety hazards.”
· Students will complete the lab in their project teams using instructions from Appendix 10 or as written below. Be sure teams create a hypothesis prior to starting the lab.
· Wash two cutting boards with hot, soapy water and air dry.
· Label cutting boards “A” and “B.”
· Label Petri dishes “A,” “B,” “Control Cheese,” “Control Agar Plate.”
· Divide the remaining dish in half and label “Control Board A” and “Control Board B.”
· Swab the clean cutting boards A and B and inoculate the cutting-board control dish.
· Partially unwrap, then swab one slice of cheese. Inoculate the cheese control dish – don’t touch the cheese with your fingers.
· Seal the cutting board, cheese, and agar control plates.
· Put on safety gloves, then use an alcohol wipe to sanitize the outside wrap of the hamburger.
· Use an alcohol wipe to sanitize the knife.
· Carefully remove the wrap from the hamburger by slitting the wrap along 3 sides of the package, being careful not to touch the meat with the knife. Then, peel the wrap away from the meat. This technique helps ensure that you haven’t cross-contaminated the hamburger with the knife or the wrap. This is important for a scientific experiment but not necessary at home. Divide the hamburger in half.
· Make one hamburger patty on cutting board A and another on board B. Make sure you press the patties into the boards as you are forming them. Let the patties sit on the boards for several minutes.
· Board A
· Remove the hamburger patty and safely dispose of it. Then, remove your gloves and throw them away.
· Thoroughly wash board A in hot, soapy water. Air dry to ensure that you don’t contaminate the board with bacteria that might be on the paper towel.
· Unwrap a slice of cheese and put it on cutting board A. Make sure you place the cheese in the same place as the hamburger was placed. Let it sit there for several minutes.
· Swab the side of the cheese that was in contact with the board and inoculate Petri dish A.
· Remove gloves and wash your hands.
· Board B
· Remove the hamburger patty and safely dispose of it, but DO NOT wash the cutting board B. Remove your gloves and throw them away. Wash your hands and put on new gloves.
· Unwrap a slice of cheese and put it on cutting board B. Make sure you place the cheese in the same place as the hamburger was placed. Let it sit there for several minutes.
· Swab the area of cheese that was in contact with the board and inoculate Petri dish B.
· Tape all inoculated Petri dishes to seal.
· Place the Petri dishes in the incubator at 35°C (95°F) for 1 to 2 days.
· This will take about 18 to 24 hours to see results in an incubator or several days at room temperature. The cultures may be “pinpoint” cultures, but look closely to observe any bacterial growth.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What do you expect to see for cutting board A vs. cutting board B?” 
· Collect the Exit Ticket for the day as students leave the classroom





Day Ten

Key Question of the Day: How do you know if new cases are related to the current outbreak?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Let’s check our Petri dishes from yesterday.”
Learning Objective
As a result of this lesson, students will be able to:
· Make predictions based on a specific data set.
· Analyze the relationship between new and existing cases of foodborne illness.
Required Materials for Daily Lesson
· New Cases Report – Appendix 11 - One per team
· Flip charts
· Markers
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question.
· Instruct students to check make observations of the Petri dishes from the previous class period. 
· Teacher TIP! The time for analyzing the results of this lab may have to be adjusted depending on the results you’re seeing. If results are noticeable, proceed with discussing the observations and discussion of the conclusion. If results are not visible and more time is needed, instruct students to leave their Petri dishes for another day and continue to check daily until results can be seen. 
· Transition by explaining that the local health department has sent an update on the E. coli O157:H7 outbreak case. 

Middle – 40 minutes
· Share the following information with the class:
· “News of the outbreak and the association to the farm has hit news sources including newspapers, radio, television, and the Internet. As a result, numerous individuals other than those sought during the interviews have contacted their doctors, public health professionals, and/or attorneys with concerns they may also be victims in this foodborne illness outbreak.”
· In teams, students will analyze the data in Appendix 11 to determine if the new cases are associated with this specific E. coli O157:H7 outbreak. 
· For each suspected case, using a sheet of flip chart paper and markers, each team should analyze the data and determine the reasons why the new case may or may not be related to the current outbreak of E. coli O157:H7, for each individual. This should include an explanation of what could be done to further determine if the reported case is related to this outbreak. 
· For example, if it is suspected that the individual is a victim of this outbreak based on this initial data, an interview could help uncover more information. Possible responses include:
· Individual 1: Time period not consistent with this particular outbreak. Symptoms and incubation period not typical.
· Individual 2: Possibly victim of this outbreak. Should be tested and interviewed.
· Individual 3: Could be extremely mild case. Individual could be interviewed.
· Individual 4: Symptoms, time period, and exposure consistent with possible secondary case of outbreak (possibly contracted from close contact with sick family member).
· Individual 5: Symptoms consistent with E. coli O157:H7 infection and timing consistent with other cases. Route of exposure not clear. Individual should be tested and interviewed further. Other illnesses with similar symptoms should not be overlooked.
· Teams will likely have to reference the data from earlier in the project in order to make comparisons and draw conclusions.
· Teams will present their theories to the class as a large group brainstorming session. 
· As teams finish, they can post their documents around the room to reference during the class discussion.
· As you debrief the discussion, pose the following questions for teams to discuss within their groups:
· How do you feel about the predictions from the other teams?
· Do you agree or disagree with their findings?
· How do their findings compare to your team?

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“How many new cases of E. coli O157:H7 do you suspect are related to the current outbreak?”
· Collect the Exit Ticket for the day as students leave the classroom


Day Eleven

Key Question of the Day: What foods and/or events are positively associated with the E. coli O157:H7 outbreak?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What is an odds ratio?”
Learning Objective
As a result of this lesson, students will be able to:
· Calculate odds ratios from a given data set.
· Determine which foods/events are positively associated with the E. coli O157:H7 outbreak.
Required Materials for Daily Lesson
· Activity and Consumption Data - Appendix 12 - One per student
· Computers
· Internet
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Possible responses may include:
· A probability
· Likelihood of something
·  Explain the meaning of odds ratio. “An odds ratio is a way to quantify (show with numbers) how strongly the presence of something is associated with something else. For example, in this case we are investigating if foods or events are positively associated with the E. coli O157:H7 illness outbreak.”

Middle – 40 minutes
· Demonstrate how to calculate the odds ratio by providing the class with the equation:
· Odds Ratio = [(#Consumed and Sick) / (# Not Consumed and Sick)
    			          [(# Consumed and Not Sick) / (# Not Consumed and Not Sick)
· Students can work with their teams but each student will complete this exercise independently in order to practice the math skills.
· Give each student a copy of Appendix 12. They will use this data to for the calculations.
· They should complete the graph by filling in their answers in the last column.
· As students finish, they should compare their answers with their teammates as a form of peer review.
· Once the whole class is finished with the calculations and peer review, bring the class back together to interpret the results. 
· Explain how to interpret the results of the odds ratio:
· The control group is the group who ate the same food and/or participated and did not get sick.
· When the odds ratio is less than 1, it is not likely that the incidence is related to the E. coli O157:H7 outbreak. 
· If the odds ratio is greater than 1, then it is possible the incidence related to the outbreak.
· Answers for Appendix 12 – Do NOT share this with students until you are ready to check their work.
· Unpasteurized apple juice – 3.16
· Bottled water – 0.15
· Lemonade – 0.25
· Hamburger – 0.31
· Salad – 0.07
· Ice cream – 2.48
· Petting zoo – 0.60
· Orchard picking – 0.33
· Add the definition and equation for “odds ratio” to the word wall.
· To prepare for tomorrow’s lab, if there is time left at the end of the class, students can research different type of testing that is done to foods to identify the presence of foodborne illness, specifically E. coli.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What is an odds ratio and why is it an important step of our investigation?” 
· Collect the Exit Ticket for the day as students leave the classroom



Day Twelve

Key Question of the Day: How are pathogens detected in foods?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What should the health department have tested for E. coli O157:H7?” 
Learning Objective
As a result of this lesson, students will be able to:
· Analyze food substances for pathogens.
Required Materials for Daily Lesson
· Lab Instructions – Appendix 13 - One for each student
· Test tube diagram – Appendix 13.1
· Lab materials:
· Gloves
· 10 g of the food product (unpasteurized apple juice – if available, hamburger, salad)
· 2 Liter of water
· Ziploc Bags
· Forceps or tongs
· Water
· 90 mL sterile peptone water (PW)
· Pipette 
· Pipette tips 
· Aerobic Plate Counts Petrifilms
· E. coli Petrifilms
· 24 test tubes per sample to hold 10 mL each
· Flip chart
· Markers
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Possible responses may include:
· Empty containers
· Unopened foods
· Foods positively associated with the illness (unpasteurized apple juice)
· Anything that is still available from that day
· Explain that, “All of these options are true and should undergo testing. Testing the foods for pathogens is a key step in tracking down the source of the outbreak. Today we are going to send the foods to the lab for further testing.”

Middle – 40 minutes
· Students will complete the lab with their project teams.
· First, each team should develop a hypothesis based on whether they expect to find the E. coli O157:H7 pathogen present in the food items.
· Then, they will follow this procedure using Appendix 13:
· Teacher Tip! Refer to Appendix 13.1 for a diagram of how to follow these directions for dilution.
· Put your gloves on and wear them for the entire lab. Do not touch your face, eyes, or mouth. Do not eat during this lab. Wash your hands thoroughly after the lab.
· Place 10 g samples of your food product in four different Ziploc – each labeled as “Food Item 1, 2, etc.” - bags using forceps or tongs.
· Add 90mL of sterile peptone water (PW) to each sample bag and seal the bags.
· Stomach the samples in the sealed bags manually, or use the stomacher. Manual stomaching is done by “squishing” the sample in the water and swirling gently. This creates the 4 rinsates for your food product.
· Prepare 24 test tubes per sample with 9ml of peptone water 
· Pipette 1 mL of the rinsate from sample “Food Item 1” into first test tube.
· Mix for 30 seconds by drawing and emptying the rinsate into/out of the pipette.
· Withdraw 1 mL from each rinsate + blank test tube and place into another blank. Repeat five more times to create a dilution of 10-6.
· Transfer 1 mL of the sample to an E. coli Petrifilm and 1 mL of the sample to an Aerobic Petrifilm. Label them with the same label as the Ziploc containing the sample.
· Change pipette tips.
· Repeat for each “food item” rinsate.
· You will have 8 Aerobic and 8 E. coli Petrifilms for each food item. 
· Incubate the films at room temperature:
· 24 hours for E. coli
· 48 hours for Aerobic
· Look for colonies on the films. If any exist on your E. coli Petrifilm, the food product is contaminated with a strain of E. coli. If any exists on your Aerobic Petrifilm, your product contains another pathogen such as Salmonella.
· Photograph your Petrifilms to include in your reports and explain the absence or presence of pathogens.
· To debrief from the lab, ask the class, “In the case of an outbreak, when there are multiple foods associated with illness, what could be the reasons for several foods being implicated?”
· Open the floor for discussion. 
· Record student responses on the flip chart.
· Guide the discussion so that the students eventually get to the correct answers:
· Common ingredient in each of the menu items
· Common production settings for different companies’ products
· Cross contamination between foods
· Infected food handler contaminating multiple foods
· Secondary case of illness from close contact with infected individual rather than ingestion of contaminated food at original source
· Conclude by explaining that these are the reasons why we have to conduct tests on any food items that we suspect could be potential sources of infection.
· Teacher Tip! Dispose of petri films/dishes properly – locate a biohazardous disposal location at your school (check with school nurse and/or science teachers)

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What are you hoping to discover from this lab?” 
· Collect the Exit Ticket for the day as students leave the classroom




Day Thirteen

Key Question of the Day: What do the lab results tell us about the outbreak?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Let’s check the status of the specimens from our lab yesterday.” 
Learning Objective
As a result of this lesson, students will be able to:
· Interpret gel electrophoresis results.
Required Materials for Daily Lesson
· Lab Data – Appendix 14 - One per student
· Computers
· Internet
· Flip chart
· Markers
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and answer any questions from the class.
· Allow students time to check the results of the lab, which would be the end of the 24-hour period for E. coli. 
· Students should record the data, which will be discussed the following day after the observations can be made at the end of the 48-hour period for Aerobic.

Middle – 40 minutes
· Transition by posting the following question for the class, “What is pulsified field gel electrophoresis?” Use a flip chart and hang the question somewhere in the room.
· Give students about 10 to 15 minutes to search the web and find the definition of pulsified field gel electrophoresis. Instruct students to keep the definition as basic as possible. 
· Once students have a definition, bring the class back together for a discussion.
· Give students an opportunity to share the information they found with the class.
· Explain that, “While it isn’t necessary for us to know how to conduct the PFGE procedure, it’s important for us to understand how it is used to test for the DNA of these different pathogens. When investigating a foodborne illness such as E. coli O157:H7, pulsified field gel electrophoresis (PFGE) is one way to evaluate the data collected from various sources. In this case, the health department has provided us with the image of a gel they ran in their labs that shows data from food products, environmental swabs, and patient stool specimens. Bacteria isolates from growth media are treated with enzymes that cut the genetic material at specific sequences. The pieces of DNA of different sizes react with a dye and can then be visualized on a gel. So, the banding patterns you’re about to see are the isolates from the different sources. The goal is to compare these banding patterns so that we can get one step closer to our goal of identifying the source of the outbreak.”
· Give each student a copy of Appendix 14. Each student should complete the task independently but can consult with their project teams for discussion and assistance.
· After students had a few minutes to review the lab results, have them think back to their hypothesis and start to determine if they know what caused the outbreak.
· Within their teams, students should discuss if the lab results support their hypothesis about which food(s) were associated with the outbreak.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“Based on your research, what are other uses of gel electrophoresis?”
· Collect the Exit Ticket for the day as students leave the classroom


Day Fourteen

Key Question of the Day: How do outbreaks happen? How could outbreaks be prevented?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What do the results of the lab from Day Twelve tell us about contaminants in food?” 
Learning Objective
As a result of this lesson, students will be able to:
· Explain how food becomes contaminated. 
· Describe the consequences of a foodborne illness outbreak.
Required Materials for Daily Lesson
· Flip chart
· Markers
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and ask the class if they have any questions. Today is the final opportunity to evaluate the lab results from Day Twelve.
· The 48-hour time period for the Aerobic is up. 
· Teams should take a few minutes to analyze their results and determine if their hypothesis was accurate.

Middle – 40 minutes
· Post the following questions for the teams to respond to:
· Why did the lab call for you to use four samples of the same item?
· Why did you use two blanks for each sample?
· If your food product has pathogens, how might they have gotten there?
· What if some samples are contaminated and others are not?
· If we can test food for pathogens, how do outbreaks happen?
· Teams should answer the questions together. As teams finish, bring the class back together for a debrief discussion.
· Ask teams to share their responses to the questions.
· Explain that, “With this information in mind, how do these concepts relate back to the case we’ve been investigating?”
· Post the following questions for the class:
· If it turns out that a product grown and processed at two separate locations, but distributed at the same farm location is the vehicle for the outbreak, who is responsible for the potential contamination? 
· In your opinion, who should be held financially accountable for outbreak-related expenses (e.g., patient medical expenses and/or lost wages, costs associated with determining the source of the outbreak such as epidemiologist wages, lab tests, etc., and expenses associated with any potential recall and destruction of the food source)?
· Teams should have the rest of the period to discuss these questions and write out a response, as this information will be added to the final case report.
· While teams are working, answer any questions and check on their progress.
· Explain to the class that if anyone finishes the task early, they should begin looking back over their work from this project in order to begin compiling the final case report.
· Share the rubric (Appendix 15) with the class so that they understand what will be evaluated in the final case report.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What questions do you have at this point about the project?” 
· Collect the Exit Ticket for the day as students leave the classroom



Day Fifteen

Key Question of the Day: What are the results of the investigation?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Are you ready to create your final case report?”
Learning Objective
As a result of this lesson, students will be able to:
· Synthesize the findings of the case study.
· Explain the cause of the foodborne illness outbreak.
· Describe ways to prevent future outbreaks.
Required Materials for Daily Lesson
· Computers 
· Internet
· Flip chart
· Markers
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Ask the class if they have any questions before getting started. Now would be an opportunity to ensure that teams are prepared for this next step and have all of their documentation from the previous days available.

Middle – 40 minutes
· Explain that, “This is it! Today is the day we begin to piece together the all of the data we have collected during our investigation. Your teams are officially charged with the task of creating your final case report, which will be shared with the epidemiologists at the local health department. Your job is to take all of the data you have compiled over the past few weeks and synthesize the information into a final case report.”
· In addition to reporting all of the data they have collected, students should also answer the following questions in their reports, based on information and questions from the local health department:
· As a result of this outbreak, various groups with stake in this issue met to discuss appropriate actions for consumer protection. Two alternatives were discussed. Which of the alternatives does your team favor? Sate the reasons for your opinions.
· Label the product that caused the outbreak with a warning that it might contain microorganisms that can cause illness.
· Require treatment to kill pathogenic bacteria prior to distribution to the consumer. 
· If a vaccine could be developed to minimize or even prevent the shed of E. coli O157:H7 by cattle, do you think administration should be required? Do you think immunizations would be sufficient enough to decrease the risk of E. coli O157:H7 in human foods and beverages? Explain your thoughts on this.
· Students will use computers to type up their final case reports, which should be written in an essay-style format. Headings should be used to separate the different topics and sections. 
· Students should be able to add any data tables that were created earlier in the project directly to this document where applicable. 
· Students should also have access to the Internet if they need additional background information to help state their case for their findings.
· Within teams, students should divide responsibilities for writing the final case report and this should be documented on the project management log (Appendix 5).
· Create a checklist including the following information to post in the room for students to refer to as they work on their final case reports:
· Interview guide
· All data from labs and the case investigation
· Conclusion (team findings of the investigation)
· Responses to the following questions:
· As a result of this outbreak, various groups with stake in this issue met to discuss appropriate actions for consumer protection. Two alternatives were discussed. Which of the alternatives does your team favor? Sate the reasons for your opinions.
· Label the product that caused the outbreak with a warning that it might contain microorganisms that can cause illness.
· Require treatment to kill pathogenic bacteria prior to distribution to the consumer. 
· If a vaccine could be developed to minimize or even prevent the shed of E. coli O157:H7 by cattle, do you think administration should be required? Do you think immunizations would be sufficient enough to decrease the risk of E. coli O157:H7 in human foods and beverages? Explain your thoughts on this.
· The final product should be a Word document.
· When teams are finished with the written report, they should be ready to speak to the class about their findings by presenting a summary of their report. 

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“Summarize the requirements for the final case report.” 
· Collect the Exit Ticket for the day as students leave the classroom



Day Sixteen

Key Question of the Day: (Continuation of Day Fifteen) What are the results of the investigation?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What questions do you have about the final case report?”
Learning Objective
As a result of this lesson, students will be able to:
· Synthesize the findings of the case study.
· Explain the cause of the foodborne illness outbreak.
· Describe ways to prevent future outbreaks.
Required Materials for Daily Lesson
· Computers 
· Internet
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Answer any questions the students might have.

Middle – 40 minutes
· Teams will continue to work on their final case reports. 
· As teams are working, visit with the students to see how their progress is coming along and address any questions.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What are you most excited to share about your case report?” 
· Collect the Exit Ticket for the day as students leave the classroom


Day Seventeen

Key Question of the Day: (Continuation of Day Sixteen) What are the results of the investigation?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Progress check! How are your reports coming along?”
Learning Objective
As a result of this lesson, students will be able to:
· Synthesize the findings of the case study.
· Explain the cause of the foodborne illness outbreak.
· Describe ways to prevent future outbreaks.
Required Materials for Daily Lesson
· Computers 
· Internet
Estimated Instructional Time: 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Answer any questions the students might have.

Middle – 40 minutes
· At this stage, teams should be close to completing their final case reports. 
· They should combine the parts each person completed into a single Word document. 
· When they submit the final report, they should indicate who completed which section.
· Teacher TIP! The time to complete the final report will vary depending on class size and the students. So, this stage can continue until students are finished. Another option is to have students continue working on their pieces for homework. Feel free to adjust the time for this as needed.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“Are you ready for your final presentations?” 
· Collect the Exit Ticket for the day as students leave the classroom



Day Eighteen

Key Question of the Day: What can we conclude about the E. coli O157:H7 outbreak?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Remind the class of tips for being a good audience and good presenters.”
Learning Objective
As a result of this lesson, students will be able to:
· Present findings of the case study.
Required Materials for Daily Lesson
· Project Rubric – Appendix 15 – One per team
· Collaboration Rubric – Appendix 16 – One for the teacher
· Project Presentation Audience Feedback – Appendix 17 – One per student per presentation
· Guests to serve as the epidemiologists from the local health department
Estimated Instructional Time: Two, 50-minute class periods

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Possible responses may include:
· Listen
· Good eye contact
· Ask questions following presentations
· Quiet during presentations
· Explain that students should remember these tips for being good presenters and audience members.

Middle – 40 minutes
· Teacher TIP! Consider inviting the guests from the local health department/health care workers/food service workers to view the presentations. Since the teams are presenting their final case reports, it would be interesting and exciting to be able to share the results with the people they helped with the investigation. It would also take this to the next level by having professionals present who can ask real world questions and engage in relevant industry conversations.
· The rubric will be used to evaluate the case report, but the section for the presentation will be relevant for this part of the project.
· Appendix 16 is for the teacher to use to assess team collaboration.
· Students will complete Appendix 17 for one presentation of their choice.
· After each team completes their presentations, have a brief discussion with the class to debrief the results. 
· It will be interesting to see the different perspectives of the teams on how the outbreak occurred.
· Teacher TIP! Presentations could take one to two class periods depending on class size. Continue with Day Nineteen once all presentations are completed.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“What did you learn from the class presentations?”
· Collect the Exit Ticket for the day as students leave the classroom





Day Nineteen

Key Question of the Day: How does the presence of a food pathogen affect the quality of the food?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “What is coliform and how does it relate to food safety?”
Learning Objective
As a result of this lesson, students will be able to:
· Define coliform.
· Describe the relationship between coliform and food safety.
Required Materials for Daily Lesson
· Student Lab Sheet – Appendix 18 - from Science and our Food Supply by FDA and NSTA, page 75
· Lab materials:
· For the class:
· 0.25 pound (113 grams) of ground beef (ground chuck or other inexpensive cut of beef)
· Safety gloves
· Safety glasses
· 1.5 or 2 L flask
· Violet red bile agar (VRBA)
· Sterile spatula or tongue depressor
· Sterile aluminum foil for weighing the samples
· Burner to heat agar
· 99 mL of sterile saline solution
· Blender (sterilize the bowl, if possible)
· For each team:
· 5 sterile Petri dishes with violet red bile agar and covers – 4 for the hamburger, 1 for the control
· 3 sterile test tubes
· 27 mL of sterile saline solution
· Test tube rack
· Permanent marker
· 4 sterile, disposable 1 mL pipets with pipette bulb or 4 sterile 1 mL tuberculin syringes
· Thermal gloves or hot pads to handle hot flasks
Estimated Instructional Time: One, 50-minute class period

Opening – 5 minutes
· Read the Bell-Work question and solicit responses from the students. 
· Students may not know the answer to this question. Allow them to share their responses and then explain the following:
· Background from Science and our Food Supply: “Coliforms are bacteria of great concern because they indicate the potential presence of pathogenic microorganisms such as Cryptosporidium, Salmonella, or Giardia. They can be found in untreated water and find their way into food from fecal contamination, resulting from unsanitary processing conditions, or human food handlers. Coliforms are not disease producers themselves, but they indicate that food may have been contaminated with fecal contamination, which may contain pathogens. They are also normal constituents of plant products. Sometimes there are as many as 104 to 106 coliforms in 1 gram of hamburger.
· Explain that despite this, we have all consumed food containing coliforms and we are just fine because in most cases, the foods are carefully cooked and safe to eat. 
· Explain key terms for the lab, “Bile salts inhibit the growth of gram-positive bacteria. This reduces competition and allows the gram-negative bacteria, which are the coliforms, to grow more rapidly. Neutral red is a dye that acts as a pH indicator. Crystal violet allows coliforms to grow by inhibiting gram-positive bacteria.”

Middle – 40 minutes
· Explain that, “Now that we have completed our case investigation and are experts in E. coli, we’re going to explore a different aspect of food safety by learning about coliforms as a way to detect a potential foodborne illness. This lab will also allow us to practice dilutions.”
· Teacher Prep (students can assist if this is done as a demonstration):
· Prepare the VRBA following the package instructions
· In a flask, add 41.5 grams of agar to 1 L of water (distilled water, if possible)
· A general rule is that it takes about 20 mL per Petri dish. This will tell you how many mL of agar to prepare.
· VRBA should not be sterilized in an autoclave.
· VRBA can be prepared using a microwave.
· Once you have the VRBA agar in the flask, bring it to a slow boil. Make sure the agar is at a rolling boil. Be very careful, as it will boil over the top very quickly.
· The agar should be translucent and completely dissolved with no granules of agar on the sides of the flask.
· Cool the agar slightly because it will harden if cooled too long. 
· The plates for this lab will be made when the agar is liquid, not by streaking the plates
· Monitor the agar temperature as it cools. The best temperature for pouring is 44° to 46 °C. A water bath set at this temperature would be ideal.
· Next, prepare the hamburger solution.
· Add 99 mL of sterile saline solution to the blender.
· Weigh out about 11 grams of hamburger on sterile aluminum foil (wear safety gloves).
· Add the hamburger to the sterile saline solution in the blender. Blend for about 1 minute on high. The concentration of the hamburger is 1 in 10.
· 99 mL of saline solution and 11g of hamburger a ratio since the solution will be used for the dilution.
· Students will work with their same project teams using Appendix 16.
· Students will begin by preparing the test tubes and Petri dishes.
· Label 5 Petri dishes: 10, 100, 1,000, 10,000 and control
· Label 3 test tubes: 1000, 1,000, and 10,000
· Add 9 mL of sterile saline solution to each of the three test tubes.
· Next, inoculate the Petri dishes:
· 1-in-10 Dilution
· Pipette 1 mL of the 1-in10 hamburger solution directly into the Petri dish marked “10.” Carefully swirl the dish to cover the surface, then cover the Petri dish.
· 1-in-100 Dilution
· Pipette 1 mL of the 1-in-10 hamburger solution (from the classroom demonstration) into the test tube marked “100.” Now the concentration of the hamburger is 1 in 100.
· Thoroughly mix the solution by holding the test tube by the top and gently shaking the bottom with the finger on the other hand for about 5 strikes.
· Pipette 1 mL of this solution into the Petri dish marked “100.” Cover the dish.
· 1-in-1000 Dilution
· Pipette 1 mL of the 1-in-100 hamburger solution into the test tube marked “1,000.” This will make the concentration of the hamburger 1-in-1,000.
· Pipette 1 mL of this solution into the Petri dish marked “1,000.” Cover the dish.
· 1-in-10,000 Dilution
· Pipette 1 mL of the 1-in-1,000 hamburger solution into the test tube marked “10,000.” The concentration of the hamburger will be 1-in-10,000. 
· Pipette 1 mL of this solution into the Petri dish marked “10,000.” Cover the dish.
· Add the agar:
· Pour about 10 mL of agar into each Petri dish containing the hamburger solution. Swirl the dish to mix and evenly cover the bottom of the dish.
· As soon as the agar is solidified, pour another 4 to 6 mL of agar and swirl again to spread evenly.
· Pour a control plate to make sure the agar is not contaminated.
· Store the dishes upright until the agar is solid. Then, invert the dishes, tape them, and place in the incubator at 35°C overnight. 
· If an incubator is not available, the plates can be left at room temperature, but it will take longer to see the results. 
· Observations and data will be collected the next day.

Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“List one new fact you have learned about coliforms.”
· Collect the Exit Ticket for the day as students leave the classroom





Day Twenty

Key Question of the Day: (Continuation of Day Nineteen) How does the presence of a food pathogen affect the quality of the food?
Bell-Work (Each day the Bell-Work question should be prominently displayed and used to open the lesson)
· Provide students with the weekly Bell-Work sheet – Appendix 1
· “Let’s check on our samples from yesterday.”
Learning Objective
As a result of this lesson, students will be able to:
· Define coliform.
· Describe the relationship between coliform and food safety.
Required Materials for Daily Lesson
· Project Reflection – Appendix 19 – One per student
· Flip chart
· Markers
Estimated Instructional Time: Two, 50-minute class periods

Opening – 5 minutes
· Read the Bell-Work question.
· Address any questions the students might have. 
· In their teams, students should make observations of the samples they prepared the previous day.

Middle – 40 minutes
· Have each of the following questions written on a sheet of flip chart paper (one question per sheet of paper) and hang them around the room:
· Which concentration of the hamburger plates was the easiest to count? Why?
· How does the experiment relate to reducing foodborne illness?
· What should be done to ensure that hamburger is safe to eat?
· What do you think is the source of the coliform bacteria in the meat?
· Do you think that pathogens make you sick every time you eat them? Why or why not?
· List other foods that you would like to test for coliform bacteria. Briefly explain why.
· Have each team rotate to each question. During the rotations, teams should discuss the questions and decide upon a response. 
· Teams should write their responses on the flip charts.
· Use a timer or music as a cue for when to rotate. 
· Teams should spend about 1-2 minutes at each question. 
· When the class has rotated to each question, come back as a class and debrief by having a group discussion about the results of the lab, and the student responses to the questions.
· Conclude by having students complete the project reflection (Appendix 19).
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Closing – 5 minutes
· Students will turn in their Exit Ticket for that day. They will respond to the following prompt:
“Now that you are experts on foodborne illness, what can you do on a personal level to prevent future outbreaks?”
· Collect the Exit Ticket for the day as students leave the classroom
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