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Background
Pooling of mosquitoes when estimating infection rates arises from the practical efficiency of combining individuals for testing when infection rates are low.  Statistical methods for estimating infection rates from pooled samples (often called “group testing”) have a long history, especially in the case of equal pool sizes, but the use of appropriate likelihood methods when pool sizes are unequal is limited by the need for specialized computer software for iterative computation.  A traditional analysis in this setting uses the minimum infection rate (MIR) to estimate the population infection rate from pooled samples.  The MIR is easy to compute, and corresponding confidence intervals (CI), based on the textbook, large-sample binomial CI are also easily computed.  Alternatives to the MIR include maximum likelihood estimation (MLE); Chiang and Reeves (1962) consider ML estimation when all pools are the same size, and Walter, Hildreth and Beaty (1980) extend this work to unequal pool sizes.  Unlike those for the MIR, ML estimation for differing pool sizes is iterative and requires computer implementation.  Several other approaches may also be taken, and various alternatives to the MIR and MLE are considered in detail in Hepworth (2005) and his Ph.D. dissertation [Hepworth (1999)], in which details of all the methods used here may be found.  
Formal, statistical comparisons of proportions estimated from pooled samples is less studied.  Asymptotic confidence intervals for the difference of two proportions estimated from pooled samples are presented in Biggerstaff (2008), extending the methods of Hepworth (1999); the methods given extend those of Gart and Nam (1990) for the standard, unpooled case. 
This Microsoft® Office Excel© Add-In computes the MIR, the ML estimate (MLE) and a bias-corrected MLE for point estimation, for both the one-sample and two-sample (difference) case.  For the one-sample case, two large sample (asymptotic) CIs based on the likelihood—score and skewness-corrected score intervals—along with the traditional CI for the MIR are computed.  Among these, Hepworth (1999) shows that the bias-corrected MLE is preferred for point estimation, and that the skewness-corrected score CI is preferred (Hepworth, 2005, 1999) in terms of coverage and average length; these are computed by default in the PooledInfRate add-in.  The methods of Biggerstaff (2008) are implemented for the comparison of two population proportions using the difference.  The skewness-corrected, profile score interval is recommended and is the default interval computed.
In the traditional analysis of these kinds of data using the MIR, an assumption is required that when a pool is positive then only one individual in that pool is positive.  Likelihood methods do not require this assumption.  

This program fails gracefully in the case that all pools are positive, as no clear estimation procedure is available in this case without the single-individual-positive assumption (see Hepworth, 1999, §5.4).  While the MIR could be calculated in this case by making this assumption, if there are several pools and they are all positive, then the validity of this assumption is in doubt.  The MIR is readily calculable by hand, so I leave this to the user willing to make that assumption.
For the one-sample case, Hepworth (1996, 1999) also shows that for problems in which there are few distinct pool sizes, exact CIs are superior, and, in particular, he recommends the exact likelihood ratio CI overall.  The exact methods are computationally infeasible, however, when there are many different pool sizes, which is typical of the applications for which this software is written.  I have, therefore, included only the large-sample methods described.  

Accessed through a menu item, the user interface to the estimation programs is a dialog box familiar to any Excel® user.  A series of help topics and methodological descriptions can be accessed from the dialog box using the Help command button.

What’s New

Version 4.0 – 13 November 2009

1. New functionality to compute confidence intervals for the difference to two proportions estimated from pooled samples is included.  Three confidence interval methods are provided:

a. Likelihood-based

i. Skewness-corrected, profile score intervals

ii. (uncorrected) score intervals

b. MIR-based

2. The menu has been updated with a sub-menu structure to provide separate access to the one-sample and two-sample (difference) routines.  
3. The help system has been updated to reflect these changes

4. The manual has been updated to reflect these changes, as well as to include directions for accessing Ad-Ins in Excel® 2007. 
5. The reference to Biggerstaff (2008) has been included.

6. Corrected a bug in CorrectedScoreCI function that would in extreme cases incorrectly compute bounds for the root-finder.

7. Corrected the output for the MIR CI in the two sample case.

8. Corrected the output for the point estimate for the corrected score CI for the two sample case.

Version 3.0 – 27 April 2006
1. A new field (called Group) may be used to specify a grouping variable to facilitate multiple analyses.  In previous versions, separate infection rate estimates and CIs required data entry separately for each group of interest.  This is now made much easier by use of a grouping variable, for which infection rate estimates and CIs are computed for each group simultaneously.  Specification of this grouping variable is optional, so that when only one group’s results are needed, only these data need be specified.  See below for an example.

2. In previous versions, search bounds for CIs were hard-coded for the score methods, and this sometimes caused numerical errors that caused the add-in to crash.  The search bounds for the score methods are now computed, improving computational robustness.

3.  A header row may now be included in the data ranges, as long as each variable range or column has the header row.  The name of any grouping variable in this header row is used as the name of the grouping variable in the output sheet.  See an example below.
4. The score based CI methods referenced work in the PhD dissertation of Graham Hepworth.  Dr. Hepworth’s work on this has now appeared in a peer-reviewed journal, and this reference is included in the list of references.

5. Tightening up of some data validity checking.

6. Updates to the manual to reflect the noted changes.
Version 2.0 – 23 February 2004

1. This version corrects an error in the computation of the corrected-score CI, which is the default.  This did not affect the computation of the point estimates.

2. The Solver Add-In is no longer used in the computations of the score and corrected-score CIs, as there were for some data configurations difficulties identifying reasonable starting values to achieve convergence.  Instead, an included implementation of Brent's method is now used, and this appears to be more robust. 
3. Updates to this manual were made to reflect these changes and to clarify some of the examples.

Software requirements and preliminaries

Requirements

1. The PooledInfRate Add-In requires that you have at least Excel® 2000.

2. This version of the PooledInfRate Add-In only works with the US English distribution of the Excel®.  
3. PooledInfRate no longer uses the Solver Add-In, as there were in some data configurations difficulties in computation of starting values for the root-finder.  So there is no need, as there was in an early version, to ensure that the Sover Add-In is installed.
Installing the PooledInfRate Add-In

NOTE:  If you have a previous version of the PooledInfRate Add-In, remove the file PooledInfRate.xla, wherever it’s installed, and remove/delete the reference to it under Tools > AddIns… in Excel®.  Please do this before installing the current version.

Installation instructions for Excel® 2007.

Office® 2007 introduced two changes to the graphical user interface (GUI) that alter how to activate and use the PooledInfRate Add-In.  The steps to do this are:

1. Copy the uncompressed file PooledInfRate.xla to your personal Add-Ins folder in the directory C:\Documents and Settings\USERNAME\Application Data\Microsoft\AddIns, where USEERNAME is the user name/account of the user.  
2. Click on the Office Button [image: image1.jpg]


 and select the Excel Options button at the bottom.  In the Excel Options dialog box, select Add-Ins in the left menu.  In the Manage drop-down list at the bottom, select Excel Add-ins (the default); click Go….   Check the PooledInfRate selection, then click OK.  There should now be an Add-Ins Ribbon item.  Click the Add-Ins Ribbon item, and the Pooled Infection Rate sub-menu item should be listed with Menu Commands.  Click on this item and select either One Sample or Two Sample to open the appropriate dialog box for analysis.  
There are two ways you can install the PooledInfRate Excel® Add-In.  

1. Copy the uncompressed file PooledInfRate.xla to your personal Add-Ins folder in the directory C:\Documents and Settings\USERNAME\Application Data\Microsoft\AddIns, where USEERNAME is the user name/account of the user.  Once the file has been copied there, open Excel® and then select Tools/Add-Ins… from the menu system.  Then make sure the check box is indeed checked so that the PooledInfRate Add-In is activated.  (You’ll know that it is because, after closing the Add-Ins dialog box, there will be a menu item labeled “Pooled Infection Rate…” under the Tools menu.)  I suspect that in some cases this may require administrator-level access. 

2. Save the uncompressed PooledInfRate.xla file in some directory of your choice.  Open an Excel® workbook (can be a new, empty one) and then open the Add-Ins manager as in the preceding section by selecting Tools/Add-Ins… from the menu system in Excel®.  Then select Browse and use the file selection dialog to select the PooledInfRate.xla file.  NOTE: This method of installation may result in an error when you re-access Excel®; if you find this to be the case, unlink the add-in using the Add-In Manager and follow the installation instructions in step 1.

If you try to open PooledInfRate.xla, you should see a message box that alerts you to the fact that the file contains macros.  You should choose to Enable Macros, as the function will not work otherwise.  (Naturally, though I have not put in any viruses—and I don’t even know how—I encourage you to scan the file for viruses prior to using it, just to be on the safe side.)  

Excel® Settings: Notices
1. The PooledInfRate Add-In uses specifically the A1 cell referencing convention.  If you use the R1C1 cell referencing convention, the PooledInfRate Add-In will detect this and temporarily change the cell referencing convention to A1.  Once the add-in’s dialog box is dismissed, the cell referencing convention is then returned to R1C1.

2. The US English version of Excel® does not permit changing the decimal separator from the default point (.), nor the thousands separator to from a comma (,).  As I do not have access to an international English version of Excel®, in which the decimal separator may be changed to, say, a comma (,), I do not know the precise effect of this on the PooledInfRate Add-In.  I suspect, however, that there may be some problems.  I check for these settings in the code, but, because I can’t change them, I just kick the user out of the add-in to change them before using the software.  Apologies for this clunkiness!

Using the PooledInfRate Add-In

Setting up the data for analysis by PooledInfRate depends on the summarization of data you have available.  The data may be analyzed by groups, but the pool-specific information is the same within the groups and has two forms, so these are discussed first.  Incorporation of grouping information is shown after this groundwork has been laid.
INDIVIDUAL POOLS RECORDED

In this first case, you might have some number of pools that have been tested, for each of which you have the pool size (i.e., the number of individuals in the pool) recorded.  You also have for each pool whether or not the pool tested positive, which you should indicate as a 0 = negative and 1 = positive.  This format may result from data recorded directly from laboratory testing record sheets, for example.  Data in this format should be entered as

Two columns:

a. One column containing the pool sizes.

b. The other containing a 0-1 indicator of the pools’ positivity. 

Note that the Sample labels are not needed here; they are just extra information you might want to keep, but they have nothing to do with infection rate estimation.  To illustrate entry for this format, each pool’s result should then be entered into an Excel® worksheet as a single row, as in this image:
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EQUAL-SIZED POOLS AGGREGATED

Note in the previous image that there are multiple pools of sizes 5 and 25.  One may summarize these results into pool-size groups, for which dropping the individual pool reference label “Sample” is necessary.  Data in this format should therefore contain

Three columns:

a. One column containing the pool sizes.

b. Another containing the number of pools of the corresponding size.

c. The third containing the number of positive pools of the corresponding size.

This is illustrated in the following image:
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Note that these are the exact same data: there are still 3 positive pools (sizes 5, 12 and 25), and there are still 12 pools total.  The data have simply been aggregated to seven data lines, each representing a distinct pool size.  
Grouping variable
You may find in some applications that you require different infection rate estimates for different groups.  For example, you may need different estimates for different species, different collection sites or times, or combinations of these.  PooledInfRate accommodates a single grouping variable which contains group labels that can be numeric or character or both.  Infection rate estimates are computed for each group separately, and results are output on a single worksheet sheet with each group’s results on a line.  Data input when there is more than one group can use either format given above, with a single column indicating the value of the grouping variable, but the format must be the same for all groups.  The next two images illustrate this augmenting the data given above.
Individual Pool Data with Grouping Variable
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Aggregated Pool Data with Grouping Variable
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Using PooledInfRate
Accessing the PooledInfRate Add-In Dialog Box
NOTE: Excel® 2007 users, see below.

When the PooledInfRate Add-In was installed, a menu item for the add-in was added to the Tools menu.  To access the add-in’s dialog box to specify data for analysis, select the menu item by selecting the Tools menu and then the Pooled Infection Rate ►  and then either the one-sample or two-sample sub-menu item.
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This action opens one of the PooledInfRate dialog boxes.  The one-sample option is explored in the next section, while the two-sample option is discussed following the one-sample examples.
For Excel 2007

When the PooledInfRate Add-In was activated, a menu item was added to the Add-Ins ribbon.  Click on the Add-Ins ribbon item, to reveal the menu containing the PooledInfRate menu item, as shown.  To access the PooledInfRate add-in’s dialog boxes, selected the menu item and then the appropriate sub-menu item for one- or two-sample analysis.
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One-sample analysis

As usual with Office Excel© dialog boxes, use the various list boxes, tabs and entry fields to specify where the data reside and to specify options.  Various forms may be used for the input data ranges, and there are too many possibilities to list reasonably here.  Examples of different options using the data above are presented in the next section.  
Important Data Entry Notes
1. The Group field/range is not required, if its use is unnecessary or makes no sense.  As shown in the first example below, the Group field is not needed if there is only one group for analysis.  

2. The groups do not have to be contiguous in the sheet.

3. The Number of Pools field/range is not required, if each data line represents only a single pool.  In this case, the values specified in the Number Positive range must be 0 or 1. 

4. It is common for an empty row to be used to separate groups to ease reading of worksheets.  PooledInfRate accommodates this, as shown in an example below.

5. It is common for the first line of a spreadsheet to contain a so-called “header row”, a row containing column labels to ease interpretation of the information on the worksheet.  If the ranges specified in the input fields contain character values, PooledInfRate detects this and ignores this row when doing analyses.  In this case, if a grouping variable is used, the column label for the grouping variable will be used to specify the groups in the analysis output sheet.  If a header row label appears in one of the input ranges specified, it assumed to appear in them all. 
6. The input fields/ranges/columns must all be the same length.  Discontinuous ranges are permitted, but they all must be the same length.

7. PooledInfRate has various data entry error checks in it to try to capture entry errors, but I cannot anticipate all possible combinations of data entry.  Please use care when specifying the data!
The Apply button makes it convenient to do multiple analyses, but note that the results are written to the page specified under the Options tab, Output Sheet box.  Results are over-written to the latest analysis if a sheet with that name already exists, so new sheet names should be entered into the Output Sheet box for separate analyses.  Also note that the Apply button leaves the data sheet as the visible sheet for subsequent data input, and that you cannot view other sheets while the dialog box is displayed.  The output sheet is created, populated with results and placed at sheet position 2.

Example Input and Output
On the next few pages are screen shots showing various input examples.  The first two show the default output from the artificial data given above:  first in the case with a single, unidentified group, and second the case with the species groups.  The default settings are to write the output to a sheet named InfRateCI; compute the bias-corrected MLE; compute a 95% skewness-corrected score interval; scale the output by 1,000, so that results are to be read “per 1,000 individuals.”  

The output values shown are written with two decimal places, but this is just formatting: the more precise values can be seen by entering the particular cell or reformatting the output cells to show more decimal places.

Example Input and Output for a Single Group Analysis
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Notes:
1. The Group field/range is not needed and so is left empty.

2. The Number of Pools field/range is not needed so is left empty.
3. The header row is not needed, but can be included; of course, the names for the columns do not matter.
Example Input and Output for a Multiple Group Analysis
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Notes:
1. The Group field/range is specified, and the output lists Species (the heading from the data sheet) along with analyses for each group.

2. The Number of Pools field/range is not needed for this data format.

Example Input and Output for Multiple Group Analysis with Spaces in the Input Ranges
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Notes:

1. The spaces in the data sheet are ignored.

2. The ranges can be specified simply using the whole columns. For example, clicking on the column button, say “A”, when wanting to specify the whole of column A for the Groups field/range.

3. Note that the results for the first two species agree with results above.

Example Input and Output for Multiple Group Analysis, Data Not Sorted/Separated By Group
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Notes:

1. Here the data are sorted by pool size, but analyses are still performed by group.

2. Note that the results agree with the preceding analysis of these data.
3. Data are specified by whole columns.
Example Input and Output for Separated Input Ranges
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Notes:

1. Ranges specified in this example are typed in, and sheet need not be specified as it is with drag-selection.  Note that separate ranges may be selected by dragging with the mouse by depressing the Control button during selection.

2. Only the Cx.  pipiens pipiens and Cx. restuans, groups are selected for analysis.

3. Results agree with previous analyses of these groups.
Two-sample analysis: the difference of proportions (p1-p2)
The mechanics of entering data and selecting analysis options are the essentially the same for two-sample analyses as they were for one-sample analyses.  Data are specified by ranges exactly as with the one-sample case, and options are selected using the same dialog box controls.  The details of this are therefore not repeated here; see the previous section for details.  For convenience, population labels may be entered directly into the dialog box; these are used to label the output. 
The dialog box for entering data for the two-sample case is 
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On-line help

 The help system is available by using the Help control button.  A new dialog box appears with Next/Previous buttons to view the various entries, which are also accessible using the list box at the top of the dialog.  Exit the help system using the Exit button.  Several pages are provided to describe the options, the methods, and other information.
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Disclaimer

This application is provided without warranty of any kind.   

While every effort has been made to ensure the routines provide correct and accurate results, all responsibility for the use of the results belongs to the user.  

Statement of Non-endorsement

The use of Microsoft® Office Excel© and Visual Basic for Applications© by the author is not to be construed as an endorsement of the product.

Copyright

This application was written while the author was an employee of the Government of the United States of America as part of his official duties.  As a result, it is not subject to copyright.  Copies may be distributed freely, and, though not required, acknowledgement of the author and the Centers for Disease Control and Prevention is welcomed.
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