BIOLOGY OF INFECTIOUS DISEASE

INTRODUCTION TO EPIDEMIOLOGY
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In this exercise, we took pictures of students in successive discussion sections to get 4 pictures of where they overlapped with each other (we reused the first to get a longer time series). An overlap in the photo was considered a contact.

They then chose themselves as the index case, and followed (given assumptions about immunity, recovery, or not) how the disease they introduced spread through the class.

On the left is disease spread with 100% infection per contact and no immunity, whereas to the right is disease spread with immunity following one time step of infection.     

We followed this exercise by fitting the results to an SIR model (SEE BELOW), but obviously this is optional. Fun can be had just with the pictures (e.g. vaccinate a proportion).
Also, discussion was about what really constituted a contact in humans, and we sometimes asked students to measure their actual contact rates and report back to the class (usually some were “superspreaders”).  A good “neutral” marker was the number of people they actually spoke to face-to-face in one day, although obviously in the discussion, other more exciting forms of contact were floated. This can get into interesting discussions of whether e.g. sexual transmission (like kissing, of course) is density-dependent or not.
BIOLOGY OF INFECTIOUS DISEASE

INTRODUCTION TO EPIDEMIOLOGY

(OR WHY YOUR PICTURE WAS TAKEN SO MANY TIMES!!)
Purpose: In this exercise, you will quantify disease spread through a population.  We will be using methods of contact tracing.
Introduction: Let the pictures taken of your discussion group for the past 3-4 weeks represent sequential time intervals in a population. You will be following the dynamics (i.e., change over time) of the disease as it spreads throughout this population. At each interval, individuals make contacts and spread the disease; individuals who become diseased then spread it to others in the next time interval. 

Materials: It will be easier if you have pens (highlighters work well) of several colors. You will need notepaper, and a way to make graphs (i.e. either graph paper, or a program such as Excel) 

For these exercises, it is important that you follow the instructions precisely.
It may also be easier if you print out the photographs in color
Exercise 1:  Disease spread without immunity. 
Assume that once someone becomes diseased they remain diseased and infectious. 
1. In the first (top) photograph, choose yourself as the index case (or propositus) of the disease in the first (top) photograph. The disease is spread to all individuals that overlap with you or touch you (front or in back) in the same photograph. (i.e. assume direct contact transmission). Mark yourself and those that you are in contact with in this first photo (e.g. with an arrow).  They will be diseased in the next time interval. 

2. In the next time interval (i.e. second photograph) mark yourself and those that contracted the disease. Again mark the individuals whom you and other diseased individuals overlap. These will be diseased in the next time interval. Repeat this process for the third, fourth and fifth picture. 
Be careful your marking does not to obscure the faces of the people so that you can recognize them subsequently. If someone is missing, don't worry about it and just keep going; assume they temporarily left the population. 
3. At each time interval note down: 


The number of susceptible (St), diseased and infectious (It) individuals (assume all 
uninfected individuals are susceptible).
4. From this data generate three graphs: 


a. Number of diseased (It) plotted against time (t)


b. Disease prevalence (It / Nt) plotted against time (t) 


c. Average number of new infections per existing infection against time (t).

Exercise 2: Disease spread with resistance via lifetime immunity.

Assume that an individual who becomes diseased develop lifetime immunity or resistance after one time interval (and are not infectious). 

1. Each person that is diseased in one time interval is infectious for that time interval and then is immune (i.e. resistant) in all subsequent intervals.  As above, in the first time interval (first photograph), assume you contact those with whom you overlap, and that they are then infectious in the next time interval. The following time interval you are immune. So, in the next time interval, mark yourself as resistant (one color) and those to whom you gave the disease as infectious (another color).  From now you will be immune, and use a color to mark this in all the remaining photographs. However, the individuals you transmitted the disease to will not be immune until the following time interval. 

2. At each time interval note down: 

The number of susceptible (St), infectious (It), and resistant (Rt)  individuals
3. From this data generate two graphs: 


a. Fraction of the population that are susceptible, infectious and resistant plotted against 


time (t), all on one graph. 


b. A graph that represents the number of new infections per existing infection, over 


the duration of the infection (‘R0’). The disease in this case lasts only one time 


interval.  
Exercise 3: Building an epidemiological model 

1. Use the data you have obtained to estimate the transmission coefficient β.  Let us do this by using the following relationship, and looking at the graphs from the transmission with no immunity: 



I t+1- It = βStIt
Use this equation to calculate β for the first two steps of disease spread with no immunity.  Average the beta’s over the two time steps.  (The 2 time steps assume the number of infecteds is still low and that the population consists largely of susceptibles).
Show all work/calculations for this, so we can check if you did it right.
We will now use this value to model the course of the epidemic and see how well the prediction matches your data. 

2. Running the SIR model.
You can find a version of the model as presented in class as an excel file on the Lecture 9 Resources folder of Collab as "SIR model in Excel 2013". On the Excel file enter the parameters to fit your case in column G, and it automatically runs the model: 

  (a) the population size (number in your class) 
  (b) infection rate – enter the average β you calculated
  (c) the number of infected people – this will initially be 1
  (e)  Recovery rate: run the model  for

(i)  recovery rate of zero - i.e. with no immunity. 

(ii) recovery rate of 1 – i.e. immunity following one time interval


  

 You can print the graphs by highlighting them and printing. 
Turn in two graphs (recovery and no recovery, identified and labeled) and answer the following questions. 

Did the model predict the course of the epidemic in your class? 


List two reasons why the prediction is approximate? 
Note:

If you are familiar with excel, look at the formulae, and you will see how easy it is to program this model.

There is also a model on the web at: http://www.shodor.org/succeed-1.0/models/flu/ 

Click on "Run the Flu model", and a menu allows you to change the parameters of the model.

