EISENSMITH, Scott P.: Acquisition, storage, and retrieval of epidemological
data in plant pathology

When studying plant disease epidemics, large environmental and biological data
bases are accumulated. This creates a need for efficient methods for
organizing, storing, and summarizing the data. Computers are suited for storing
and manipulation large, heterogeneous data bases, and computer facilities are
available in many parts of the world. Powerful statistical packages (1, 4, 12,
14) are available but do not meet all the needs of the plant pathologist.
Although computer programs have been written for specific teaching (3, 9, 10),
extension (7, 8, 13), and research purposes (11), 1little has been done to
provide computer software for handling general epidemioclogical data. The
computer program EPISTAR was developed to fill this need and reduce the time
researchers must spend in data organization and retrieval. This program was
developed in conjuntion with Drs. Rosemary Loria, Brian Olson and Alan Jones at
Michigan State University. Our approach and several of 1its advantages are
outlined below.

EPidemiological Information STorage And Retrieval (EPISTAR) is a computer-based
system designed to assist researchers 1in collection, reduction, storage, and
analysis of host, pathogen, and environmental data. EPISTAR consists of:

o data collection forms for organizing data into a standard format

o an interacitve FORTRAN V computer program that will display, summarize, and
perform coincidence analysis (11) on data

o a user's manual explaining how to use the system

o a programmer's  manual which discusses program modification and
transportability.

The EPISTAR computer program is well commented and easily modified to allow for
new data processing commands or additional data types. For example, at Michigan
State University, algorithms developed at Cornell \University (5) that allow
transcription of hourly values from hygrothermograph or De Wit Teaf wetness (M.
De Wit, Hengelo, Holland) charts have been added to our version of EPISTAR.

The program will accomodate both environmental and biological data, collected
by automatic or manual systems. Currently EPISTAR will handle ten environmental
parameters (air temperature, barometric pressure, leaf wetness, rainfall, rela-
tive humidity, soil moisture, solar radiation, soil temperature, wind
direction, and wind speed) with up to 24 observations per day for each parame-
ter. A1l output is in the same units as the original data.

Biological data types processed by EPISTAR include: BURKARD spore trap (Burkard
Scientific Sales Ltd., Rickmansworth, Hertfordshire, England) catches, Rotorod
spore trap (Ted Brown Associates, Los Altos Hills, CA 94022) catches, water
trap catches, disease ratings, and stages of host phenology. Burkard spore trap
catches may be recorded up to 24 times per day, while other biological data
types may be recorded, at most, once daily. Data may be taken from multiple
enyironmental sensors, spore traps, or plots in the same time period.

The computer program performs three basic operations: displays stored data for

examination, calculates summary statistics, and searches for possible
relationships among variables. The display command allows for convenient access
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to portions of the original data and facilitates the creation of subfiles for
plotting or statistical analyses. To obtain the data, the user specifies the
data type(s) and the date range. Then the program searches the data file and
prints out the results of the search. The summary command provides various
statistics that are useful in analyzing epidemiological information. Each
biological and environmental factor 1s summarized on a daily basis. Summary
calculations include minimum, maximum, and average values; number of time
periods above or below user-specified thresholds; and number of missing values.
The user may select subsets of data for summarization, i.e. data from an
environmental sensor, plot, plant, shoot, shoot type, or leaf. The coincidence
analysis command permits the location of time periods within the data file with
conditions that match user-specified values. The conditions are specified with
the FORTRAN relational operator codes 'LT', 'LE', 'EQ', 'NE', 'GT' and 'GE' in
reference to a user-supplied value. Series of comparisons may be Jjoined
together with the Togical operators 'AND' or 'OR'.

Coincidence analysis may be used on all environmental data and Burkard spore
trap catches, and 1is particularly useful in detecting associations between
environmental conditions and biological events, For example, it may be
desirable to locate time periods with greater than 0,02 cm of rainfall, tempe-
ratures less than 23 C, and a spore trap catch of at least 10 spores/hour.

Once the EPISTAR program is accessed, all the information necessary to run the
program is requested from the user. The wuser may choose to display, summarize,
perform coincidence analysis, change the placement of the output, select a new
data file, or terminate the program by entering the appropriate mnemonic
command.

EPISTAR accesses the data file and writes out information about the data file
== jncluding the data collection date range, collector, collection location,
and the data types present 1in the file. If the user chooses to display,
summarize, or perform coincidence analysis; the desired data types and probe,
plot, or trap number(s) must be selected from those listed as available. If the
data are to be summarized, appropriate thresholds should be provided for
environmental data.

Relational operators, relational values, and possibly a logical operator must
be chooses for coincidence analyses. When the EPISTAR program has completed the
data processing, it will again ask the user which procedure is desired --
display, summary, coincidence analysis, new data file, or program termination.
User responses are checked for errors, and invalid responses are rejected with
a diagnostic message. No knowledge of FORTRAN programming is necessary to use
EPISTAR.

‘he form of output depends on the kind of processing and on the type(s) of data
selected. Output from the program may be printed at a computer terminal, or
yritten onto a disk file for use with statistical analysis (1, 12) and plotting
(2, 6) programs. In display output, each line represents one day, and begins
with the date; data type code; and the probe, plot, or trap number. This is
followed by the raw data, with decimal places inserted according to the stan-
dard formats.

Each line of summary output begins with the date and the day of the year,
followed by the summarized data values for the date. Summary values are
calculated from data sets with missing data, but the number of missing values
is indicated in the output. If all data values are missing, missing value
indicators are given instead of the summarized values. Each data type is
separated by a column of stars. Each line of coincidence analysis begins with
the date and day of the year.
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Those time periods, represented in the title as the first through the 24th
hours, for which the user-specified requirements have been satisfied, are
indicated with stars. The total number of time periods for which condition
where satisfied for a day, and for a particular time period, are given as the
sums of the rows and columns in the table, respectively.

The EPISTAR system facilitates collection, storage, and analysis of
epidemiological data, and may serve as a model for other standardized
epidemiological data processing systems. Data forms allow for immediate
organization of the information into computercompatible format, thus
facilitating the use of other computer software for data analysis on plotting.

Subsets of the master data file may be easily selected by date range and data
type. Multiple observations for a single day may be summarized into daily
values. Those data meeting user-specified conditions can be quickly located
within the data file.

The computer program has been written in a modular format to facilitate
medification, including the addition of new data types or processing routines.
We  hope it  may thus serve as a  framework for additional
epidemiologically-oriented computer software.
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