INFECTION


The Immunology Game Instruction Sheet
Game Setup
· Working in groups of 5 students, designate each person a job in the game.  You will need an:

· instruction reader
· person to move the pieces on the game board

· die roller

· a scorer

· a bean counter  

· Place the correct pieces on the lymph node board piece (you can label the game pieces as well)
· B cells are placed in the B cell area (darker medium colored balls)

· T cells are placed in the T cell area (lighter medium colored balls)

Scorecard
Familiarize yourself with the scorecard, starting by writing down what experiment you are modelling (Primary or Secondary Immune Response are the two we will do today, starting with the Primary Immune Response). The scorecard is set up as follows:

	1

Roll #
	2

Adaptive Immunity Step
	3

Three Dice Score
	4

Score (added)
	5

Immune Challenge
	6

Success (Y/N)
	7

Bacteria number (doubling process)
	8

Antibody Response (quadrupling process - proliferation)
	9

Bacterial Load (column 7-column 8)


Column 1 represents every round of play in the game.  A round of play includes identifying which immune step you are modelling and indicating the letter of that step in Column 2 of Table 1 for the Primary Response or column 2 of Table 2 for the Secondary Response), a roll of the dice (column 3), adding up your total score on the dice (Column 4), indicating the Immune Challenge of that step in column 5 (simulating the difficulty of success for that step in the immune response, found in Tables 1 or 2), and determining whether your roll score met or exceeded the Immune Challenge (Column 6).  Columns 7-9 are discussed below.

Bacterial Growth: 

The infection in your toe can begin with as little as a single invader like a bacterium or a virus, represented in this game by a pinto bean.  Bacteria reproduce by dividing, and as a result, your single invader in a very short time becomes 2, and then they divide producing 4, and then again to 8.  This will go on until either your immune system adapts to the invader, producing antibodies to alert the macrophages to eat the bacteria, or until the number of bacteria overwhelms the body, leading to the infection in your toe spreading to other parts of your body, and potentially death if treatment isn’t sought immediately.  

At each round of the game, starting with Roll #1, the bacteria will double.  As a result, in your first row (Roll #1), you will enter a 1 in column 7, indicating the first bacteria that invaded your toe.  At each roll thereafter, the bacteria will double, and so from one roll to the next you will need to double each number representing the bacteria present in your toe at each step.  To help keep track of the bacteria’s doubling process, each round will be accompanied by replacing the previous bag of “bacteria” (simulated by pinto beans) with the doubled amount, allowing you to visualize just how fast doubling your bacteria can lead to lots of invaders making you sick.  Fortunately, your body can do something to fight these invaders, just as soon as it can identify and produce the specific antibody that matches the antigen, or bacteria.  To do that, you will need to roll the dice and see if you can successfully make it through each immune step before the bacteria win!
Instructions:
Primary Immune Response

Immune Steps that must occur to clear infection for a primary immune response
To model this process, you will be rolling 3 dice to determine the “success” of a particular step in the immune response.  Adding up the dice will give you a score for that round.  To be able to go on to the next step in the immune process, your 3 dice score must be equal to or higher than the Immune Challenge score, found in Table 1 in the last column.  

Table 1:  Steps of the Primary Immune Response, with Immune Challenges indicated. The minimum sum of your 3 dice MUST be the indicated value or higher in order to move to the next step.

	Step
	Process associated with adaptive immunity
	Immune challenge (minimum sum of 3 dice)

	A
	Antigen (from microbe infection) moves to lymph node from the site of infection (toe) through the lymphatic system - ROLL
	6

	B
	Correct B cell finds antigen in lymph node (make sure it is specific based on color) - ROLL
	8

	C
	B cell waits until correct T helper cell finds B cell & antigen (make it is specific - right color) - ROLL
	10

	D
	B cell goes through process to produce (secrete) specific antibodies to the antigen -ROLL
	12

	E
	Antibody binds to antigen - ROLL
	14

	F
	Macrophage (Pacman) finds antigen through antibody recognition - ROLL
	16

	G
	Once bound, macrophage (Pacman) engulfs and destroys the bacterium/virus – start with 10 antibodies produced in step H. Enter “10” in scorecard in Column 8, starting in the same row associated with the turn in which you reached step H in the primary immune process. - ROLL
	Now can kill bacteria/ invader

	H
	B cell proliferates and antibodies are made in excess.  Now, your immune system can start 

eliminating bacteria. To see how this happens, in the roll # where you hit step H (and for every remaining Time Step on your scorecard) take the number of antibodies in the previous time step and multiply the value times 4 (quadrupling time), and put that value in the next row (Column 8) 
	

	I
	B Memory cells are now made (put a large ball, color specific, on the game board)
	


It isn’t enough just to produce one antibody to fight an infection – enough have to be produced to eliminate all of the bacteria which have been doubling while you have been rolling dice to simulate your immune system learning how to make the correct antibody to identify the infective invader. Each antibody can take out one bacterium in this simulation, and the player who WINS the game will have to completely eradicate all bacteria by producing enough antibodies.

To determine who wins, you must look at your results in Columns 7 and 8, the number of bacteria being produced vs. the number of antibodies made.  Subtracting each antibody number (Column 8) from the bacteria number (Column 7), allows you to calculate the bacterial load (number of bacteria remaining in the body) at each time step.  Place your calculations of bacterial load in Column 9.  
The group that wins will be the one that reaches a Bacterial Load of “0” at the earliest time step in the game.
Following the successful Primary Immune Response, your immune system makes B Memory cells, which are specific to the antigen (bacteria) that caused the immune response.  This allows your immune system to be ready for another infection by the same invader, modelled below in the Secondary Immune Response.
How many bacteria were produced after the primary response?   __________________
How many antibodies were produced after the primary response? _________________

What is the final bacterial load? ________________________

What does your immune system produce so that you can clear this infection faster the next time?  
______________________
B Memory cells give a faster and more efficient response and are specific to that antigen.  They are produced after the immune system has seen the antigen.  The B memory cells will respond the second time the immune system sees the antigen.  This is the secondary response.  
Let’s model how that works.
Read the Case Study for the secondary immune response and then proceed with the steps listed below.  

Secondary Immune Response

Immune Steps that must occur to clear infection for a secondary immune response
Clumsy you!  You managed to get another cut, and the same invader gets in again, causing an infection.  Fortunately, because of those B Memory Cells made by your immune system after your Primary Immune Response, your body is able to react much faster.  To model this process, at each turn of the game, you will be rolling 3 dice to determine the “success” of a particular step in the antibody production process.  Adding up the dice will give you your score for that round.  To be able to go on to the next step in the immune process, your 3 dice score must be equal to or higher than the Immune Challenge score, found in Table 2 in the last column.  

Table 2:  Steps of the Secondary Immune Response, with Immune Challenges indicated. The minimum sum of your 3 dice MUST be the indicated value or higher in order to move to the next step.
	Step
	Process associated with adaptive immunity
	Immune challenge (minimum sum of 3 dice)

	A
	B Memory cells find antigen & secretes specific antibodies to antigen - ROLL
	6

	B
	Antibody binds to antigen - ROLL
	8

	C
	Macrophage finds antigen through antibody recognition - ROLL
	10

	D
	Macrophage engulfs and destroys – start with 10 antibodies produced in step H. Enter “10” in scorecard in Column 8, starting in the same row associated with the turn in which you reached step H in the primary immune process 
	Now can kill bacteria/ invader

	E
	B cell proliferates and antibodies are made in excess.  Now, your immune system can start 

eliminating bacteria so in step D (and for every remaining Time Step on your scorecard) take the number of antibodies in the previous time step and multiply the value by 4 (quadrupling time)
	


To determine who wins, you must look at your results in Columns 7 and 8, the number of bacteria being produced vs. the number of antibodies made.  Subtracting each antibody number (Column 8) from the bacteria number (Column 7), allows you to calculate the bacterial load (number of bacteria remaining in the body) at each time step.  Place your calculations of bacterial load in Column 9.  The group that wins will be the one that reaches a Bacterial Load of “0” at the earliest time step in the game.  

How many bacteria were produced after the secondary response?   __________________

How many antibodies were produced after the secondary response? _________________

What is the final bacterial load? ________________________

Which response (primary or secondary) decreased the amount of bacterial load and thus was able to clear the infection faster?


__________________
What is different between the primary and secondary response to make the secondary response go faster?   _______________________________________________________________
