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Background

The Emergency 
On Friday afternoon (of course), the Miami-Dade Health Department is notified of several cases of possible Anthrax  in persons attending a large public health convention in Miami Beach.  One person has died, and gram stains of blood and touch preparations of lung show large numbers of gram positive bacilli  The presence of fever, shock, and a widened mediastinum in this and other cases strongly suggests inhalational anthrax..
Your group decides to start an epidemic investigation immediately to find a possible source while cultures are pending. Other than Anthrax, what are other possible causes and their implications for infection control and epidemiologic investigation?  Since our focus in this exercise is on gathering and computerizing outbreak data, we will shorten the preliminary discussion of diagnosis and concentrate on study design.
You immediately ask colleagues to begin calling medical facilities in a case-finding effort while you compose a suitable questionnaire for the investigation.  Although you are familiar with anthrax, you use www.google.com to search for a recent reference data sheet and find one on the website of the Centers for Disease Prevention and Control (CDC) (Appendix 1).  
Planning
The Epidemiologic Strategy

Within an hour, more than 50 possible cases have been located in Miami hospitals, and you decide to do a case-control study.  The major question concerns the geographic location of infection, with restaurants, the convention hotel, sports venues, and the Miami and Fr. Lauderdale airports being the major candidates.

From your preliminary interviews, you select locations and label them  “A” through “K” as follows:

A—Arrived via Ft. Lauderdale Airport
B—Arrived via Miami Airport
C—Bayside Park
D—American Airlines Arena
E—Adriana Arsht Concert Hall
F— Harbor Cruise 
G—Plenary Session Day 1
H—Plenary Session Day 2
I --  Eden Roc Hotel
J — South Seas Hotel
K— Fontainebleau Hotel
You and your colleagues choose the following elements for the questionnaire:
            Person

                        Case ID Number 

Interviewer



Demographic information (Age, sex, country and zip code of residence)



Date of arrival at the Conference
Diagnosis (Inhalational, cutaneous anthrax, not anthrax)


Case or control



Smoked within the past 5 years (possible but unproven risk factor)

Place



Visits to locations A-K within the incubation period


Time



Date of Onset of case 



Last information date 


It is tempting to include more information, but, since our goal here is to learn how to computerize a questionnaire rather than to construct the perfect investigation, let’s keep it short and omit such details as antibiotic treatment or prophylaxis, previous immunization, etc.  Certainly more detail about each of the visits would be important.  Although we don’t know yet, it is possible that there will be hundreds or thousands of cases.

Collecting Data

Calls to major hospitals in the area have disclosed many admissions with acute febrile disease consistent with anthrax.  You convene your epidemiologic group to design the case-control study and decide how to select controls.  The consensus is that controls of the same sex who also attended the conference but are not ill will be suitable. As interviews proceed, it appears that ALL of the cases had attended the conference within the incubation period.  How would you select the controls?  Where would you obtain random numbers for doing so (hint: OpenEpi has a random number generator).  What alternative methods might be used to select controls?
The Data Management (Informatics) Strategy

As informatics resource person for the investigation, you work with the epidemiologists to develop a plan for data management.  Until preliminary results come back from interviews, some details of the plan are left unclear.  Meanwhile, however, you plan to enter and analyze hundreds of case and control interviews as soon as they become available, and to produce results within a few hours.  You have a team of data entry people (the present class, if you are in a classroom setting) and a laptop or desktop computer for each.  The latest version of Epi Info has been installed on each computer and tested briefly by running each of the programs from the menu.  You verify that each computer has at least 10 megabytes of free hard disk space after installation.  Epi Info is  available at www.cdc.gov/epiinfo.  For this exercise, we recommend using the older and stable version 3.5.4.  
For security and other reasons you decide not to enter the data in a Local Area Network, but to enter data on local computers and append data tables to a master database after copying to USB Flash Memory Sticks.  USB Flash Memory Sticks will be used to back up and transport data.

To avoid complexity, you will not create related tables or grids in your first questionnaire.  Each participating workstation computer is given a number (Station 1…x) using sticky labels.  You assemble USB Flash Memory sticks, markers, notebooks, and your own thoughts so that a systematic approach can be made to what might otherwise be a confused mess of lost or redundant data.  
This is the time to write down your plan for data entry, validation, and analysis—the informatics strategy.  Please sketch your own version before looking at the sample strategy in Appendix 2.  Every investigation is different, and there are many right answers, (but even more wrong answers!!).  One of the most difficult parts is the naming of files and tables, and identifying records, geographic areas, data entry sites, etc.  It deserves as much attention as naming your children.
Implementation

Constructing the Questionnaire View in MakeView
Sketch your questionnaire rapidly on paper and then construct it in Epi Info, using the MakeView program.  Use your Name or Initials to give the MDB or Project name and name the View inside the project CASECONTROL.  Instructions for making Views are given in detail in the book Epidemiology and Clinical Medicine with Epi Info and OpenEpi,  supplied with the course materials or downloadable from www.epiinformatics.com .
Entering Data—Pilot Test
Interviewing teams come back from the hospitals and from the conference hotel with armloads of completed questionnaires.  You select ENTER DATA in the FILE menu of MakeView, and enter a few to try out the computerized data entry system.  Try this with your own questionnaire, inventing plausible pilot data.

Check Code

There are a several things you can do to improve the ease and accuracy of the data entry process.  
1. Make the Case ID number a required field with the checkbox in the field dialog in MakeView.  Use CheckCode to set it automatically to UniqueKey, which is maintained by Epi Info.  Hint: Go to the CheckCode page with the Program button on the left panel of MakeView.  Assign CaseID = UniqueKey in the checkcode block called RECORD with BEFORE checked. . 
2. Make the Interviewer field required and have it repeat the value in the preceding record unless changed (in the field dialog).
3. Insert Legal values for Diagnosis, ZipCodeofResidence, Sex, CurrentCondition, and other fields where the choices are limited.  You may have done so already.
4. Set the LastInfoDate field automatically to the current system date after page 1 is entered or edited. (LastInfoDate=SystemDate, in the Page 1 block of checkcode, being sure that ENDBEFORE, if present, is before this statement, meaning that it defaults to happening after leaving the page.
5. If the form is for a Control (Case=(-)) then, after the Case field, skip (GOTO) to LastInfoDate as you will not be entering symptoms for controls.
6. Calculate age from DateofBirth and the current system date (hint: use the YEARS function with Systemdate)
So that the entire class will be working with the same questionnaire, use the File menu in MakeView to Open the Project called Station.MDB and the View AlmostNoCheckCode.  Insert the necessary check code and test by entering data.  A working example is provided in the View called CaseControl in the same MDB.
Entering Data—Production Style

At this point, it is time to make copies of your MDB for each data entry person.  If you plan to merge the data together into a single data table, it is important that the structure of all the copies is the same.  Hence, the copies should be made after the pilot test and final editing of the View.  

Let’s assume that you have carefully made the copies of the MDB and that each data entry station now has STATION.MDB, containing a View with Check Code called CaseControl.  We have provided this View so that the actual copying does not hold up class progress.  

To begin entering data, OPEN the View CaseControl in the Enter program in the project STATION.MDB.  You should be informed that it has no data table, and when you acknowledge this message, an opportunity is offered to make a data table and to specify the beginning value of UniqueKey.  To make sure that each data entry station has different keys, develop a convention such as “Data station number times 1000” to produce non overlapping ranges of UniqueKeys. (This is important for later use when your dataset might contain grids or related tables.). 
Enter several practice records, timing the entries so that you can calculate how long it will take to enter 600 records.  From this you should be able to estimate how many data entry stations you need to do single or double data entry in a period of, say, three hours—the longest that MDC Department of Health,  CDC, the Press, and Tallahassee care to wait for results to be available.  

Data Validation

With a simple questionnaire, the accuracy of data entry can be checked and improved by having one person read the screen and the other check the entries against the original paper form.  The CaseID field is used to match the form to the record on the screen.  

Another method of validation is by having the data entered twice in different MDBs (Projects) by different people.  Then the Data Compare utility in Epi Info is used to find and correct differences in the two sets of entries.  The Script called CompareEntries.TXT can be opened in Data Compare to compare two data tables called Entry1 and Entry2.  ENTER1 and ENTER2 have about 100 records each, with some mistakes so that you can see how Data Compare works.  Be sure to specify that CASEID is the match key.
Appending Data from More than One Station

Suppose that you have entered as many records as possible in your copy of STATION.MDB:CaseControl.  It is now time to copy it to a USB flash memory stick, from whence it can be appended to a master dataset.  First use Windows explorer or My Computer to copy STATION.MDB to the flash drive.  The easiest way is to Right-Click on the file name or icon and choose SEND TO and REMOVEABLE DRIVE (probably E or F—not the DVD drive:).  You can also insert the flash drive, open it in Windows Explorer for Viewing, and then drag the STATION.MDB to the window representing the flash drive. Label the copy carefully with your Station number.  
To create your own Master.MDB and CaseControl dataset, use Analysis to READ the copy on the USB Flash Memory Stick by clicking CHANGE PROJECT and then navigating to E:\STATION.MDB:CaseControl, where E is the relevant drive..  After choosing the CaseControl view, click OK.  There is only one more step—appending the data to a Master.mdb:CaseControl table.  Use the WRITE command and specify the file as MASTER.MDB in a suitable directory and the table as CaseControl.  Don’t worry that neither exists yet; Analysis will create them.  Since you want to APPEND to an existing dataset, choose APPEND rather than REPLACE and click OK.  

Now trade USB Flash Memory Sticks with your neighbor and insert this second flash drive a USB port.  Since the names are the same with this second diskette, all you have to do is insert the diskette and RUN the small program in the program editor window.  To do so, click on the RUN button above the window.  Do so only once to avoid duplicating records.  You could accept diskettes from the whole class and repeat this process until all had been appended to the Master, but you get the idea.  READ the MASTER.MDB:CaseControl data table and confirm with LIST that it contains records from both the contributing stations.  

To start the process again, you can use REPLACE in the first WRITE command, or, more conservatively, just give a new name to the next batch of appended datasets, such as CaseControl1  or CaseControl2PM.  Your data entry shop is functioning as a team, and you are ready for high-volume data entry.

Of course, as soon as the Master dataset is complete, you make a backup copy onto a CDROM (preferably) or to as many USB Flash Memory Sticks as necessary.  This can be done with the EpiLock program, which can compress (ZIP) the file.  It can also encrypt it if it is to be carried elsewhere or sent over a telecommunications network.  Of course, remembering and securely transmitting the password to the recipient through another channel is vital to success in decrypting the file.  
Analyzing the Data
Now comes the moment we have been preparing for!   Open the Analysis program and use the READ command and CHANGE PROJECT button to navigate to the SessionII folder and READ AnthraxData.mdb and the table called FinalData. This table has no View because it was constructed from merged data, so you must check the ALL box in the read command to find it.  It contains 600 records, about half being cases and the other half controls.  It is your job to describe the cases, and by comparing them with the controls, to find the risk factors associated with having Anthrax.  You can use the LIST command to see the data, FREQ to ascertain the frequency of variable values in the dataset as a whole, and TABLES XXX CASE  to test the association of individual factors with the outcome.  XXX represents a candidate risk factor variable.  Case=”Yes” identifies a Case record and Case=”No” means a control interview.
Some questions you might ask include:

1. How many case and how many control interviews are included?
2. How do cases and controls compare with regard to Sex and ResidenceZipCode?

3. Do the MEANS of Ages differ by Case status.  Is the differnce significant?

4. Among the Cases, what are the diagnoses?

5. What was the biggest day for case onset?  

6. Graph the number of cases by CaseOnsetDate.  Is the epidemic over?

7. Graph the number of interviews by DateofLastInfo

8. How do cases and controls compare with regard to visiting facility (zone)  A?  Use the Odds Ratio, confidence intervals, chi square, p-value, and fisher exact p-value.  Check each of the other zones for significant differences.

9. Is Smoking a risk factor for disease?  For dying from the disease?

10. What conclusions can be drawn from this analysis?  What conclusions cannot be drawn?
As you work, Analysis is generating a program that can be run again to do the same analysis, perhaps after adding more data.  To save the program, click the SAVE button at the top of the program editor.  Give it a name, such as AnthraxAnalysis.  To SAVE it in the MDB, and click OK.  To save it as a text file that can be edited in Notepad, click the TEXT FILE button first and then OK.  
Programs can be run from inside Analysis using RUN SAVED PROGRAM, from the Program Editor with the RUN button, and from an external menu as described in the next section.
Making a Menu
The Epi Info menu (EpiInfo.EXE) is an extremely flexible tool for organizing a project.  Rather than having to remember all the names and locations of files and repeat dozens of steps interactively each time new data become available, you can automate much of the process using menu commands, Analysis programs, and other features that are designed for repeated use. The same features can be used to develop applications for others to use, for example, in an office routine.  The point is that, once commands have been encapsulated into menu and Analysis programs, they can be run with the click of a button or a menu choice, and no longer depend on human memory and informatics skills.

For this epidemic investigation, consider what items it would be useful to automate.  Then consult the menu called MAKEMENU.MNU to see samples of basic menu functions.  To run MAKEMENU.MNU, go to the Folder called SESSIONII and click on the item called: Click Here To Run MakeMenu.MNU. You should see a “menu” with a picture of an actual restaurant menu in London ( ( ).
It contains examples for entering data, running Analysis programs, and linking documentation to a button or menu item so that you can easily find it.  It also shows how you can create a button to access an Internet address, essentially creating your own web portal with a couple of lines of Menu code.  Please consult the menu itself for further documentation.  You can see the menu code by choosing EDIT THIS MENU from the TOOLS menu at the top of the page.
To make your own menu, choose CREATE NEW MENU from the TOOLS menu.

Try making your own menu for the Anthrax investigation.  There are many Anthrax images on the web that can be used for the background picture.  The instructors will demonstrate how to put together your own menu.
Conclusion

That completes the exercise.  In  real life, the public health response would include controlling the outbreak (with antibiotics for exposed persons), participating in a criminal investigation, controlling public panic, communicating with the media, navigating the alphabet soup of local, state, and federal agencies involved, and keeping proper records for later use.

You have had a rapid tour of some of the informatics challenges that arise during an emergency investigation.  The same problems arise in any investigation, although the time schedule may be different.  Review and discuss the steps in Appendix 2 to see where we have been.

It is clear that a complicated and environment-dependent process like epidemic (or terrorism) investigation cannot be practiced occasionally and kept in a can labeled, “Open only in case of bioterrorism.”  The procedures used must be put into use for more mundane tasks on a routine basis.  A tool designed only for bioterrorism will accumulate rust and fail to function if used only occasionally or in sporadic drills.
We have emphasized the use of Epi Info in this exercise, because our purpose was to teach how to use Epi Info.  In a longer exercise, or a real-life setting, we would have exploited the use of computer industry standards, such as the Microsoft Access database format, Web Pages (HTML), and the ESRI ArcView shapefile standard to exchange data between Epi Info and commercial programs, and allow each to do its job with the least possible resistance, and with the shortest learning curve for the participants.  Where internet access is regularly available, Google Spreadsheet Forms or Survey Monkey can be used to do a survey via email, with the data being collected automatically in a spreadsheet that can then be imported into Epi Info for analysis. 

We hope you enjoy the new skills you have acquired and will be able to use them to improve public health information management.

Please send comments and suggestion about the exercise to the author at:

andy.dean@gmail.com
Notes

The data table in this exercise was generated by using the RND (Random) function in the Analysis program.  The entire exercise is FICTIONAL.  In particular, the epidemiologic approach taken here can answer certain questions, but, by virtue of matching by Sex, Age, and attending the Conference, is prevented from producing information on these potential risk factors.  In other words, the evidence is so overwhelming from a descriptive study that attending the Conference was involved, that the study was designed to move on from there and ask other questions.  Although not every epidemic investigation proceeds in this way, it is common for a descriptive study of a foodborne outbreak, for example, to show that all cases “ate at Al’s Barbeque,” and for the case-control or cross-sectional study then to address the question of, “What food at Al’s Barbeque?”
Appendix 1

Exercise Materials

	File
	Table(s)
	Description

	AnthraxData.MDB 
	FinalData
	(Artificial) data from about 300 cases and 300 controls for analysis

	
	viewEntry1, viewEntry2
	Two datasets with errors, to be compared with Data Compare

	Station.MDB
	viewCaseControl
	Data entry View including Check Code for practice in entering data

	
	viewAlmostNoCheckCode
	Data entry View for inserting your own Check Code

	AnthraxExercise.DOC
	
	Instructions for this exercise

	CompareEntries.TXT
	
	Script file for Data Compare

	Core.MNU
	
	A core menu to be modified for specific applications

	


Appendix 2

Sample Informatics Strategy On the First and Second Days
1) Design a paper questionnaire and print copies from Microsoft Word

2) Develop an Epi Info questionnaire View in MakeView  
a. MDB=<YourInitials>.MDB    View=CASECONTROL

3) Pilot test data entry with plausible but invented data

4) Add Check Code to control errors and facilitate data entry

a. MDB=<YourInitials>.MDB    View=CASECONTROL

b. Working sample in SampleAnthrax.MDB  View=CaseControl

5) Pilot test data entry again

6) Copy the Project MDB to each data entry computer

a. Pretend this has been done and that STATION.MDB:CaseControl is the local copy

7) Enter data

a. In STATION.MDB:CaseControl

8) Check data quality manually  (Entering twice and using Data Compare is an alternative)

a. In STATION.MDB:CaseControl

b. Use Entry1 and Entry2 Views to see Data Compare work 

9) Copy each dataset to a USB Flash Memory Stick, transport to master computer, and append to the master data table

a. Copy STATION.MDB to Flash Memory Drive.  Change file name and/or label with Station #
b. WRITE APPEND each to MASTER.MDB:CaseControl

10) Make backup copies of the master table, using EpiLock to accomplish compression (“zipping”) if needed, and encryption if they are to be transmitted or transported. 
11) Analyze case and control data to find differences, and print tables, statistics, and graphs of the results

a. Use AnthraxData.MDB:FinalData—300 Cases and 300 Controls

12) Construct a menu to provide access to the programs developed and to documents that are received or developed during the investigation 
a. Use Core.MNU to develop a new menu MiamiANTHRAX.MNU

b. Completed task is in ANTHRAX.MNU
Please see also a separate PDF file containing CDC Anthrax Fact Sheets.
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