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A b s t r a c t The National Retail Data Monitor receives data daily from 10,000 stores, including pharmacies, that
sell health care products. These stores belong to national chains that process sales data centrally and utilize Universal
Product Codes and scanners to collect sales information at the cash register. The high degree of retail sales data
automation enables the monitor to collect information from thousands of store locations in near to real time for use in
public health surveillance. The monitor provides user interfaces that display summary sales data on timelines and
maps. Algorithms monitor the data automatically on a daily basis to detect unusual patterns of sales. The project
provides the resulting data and analyses, free of charge, to health departments nationwide. Future plans include
continued enrollment and support of health departments, developing methods to make the service financially self-
supporting, and further refinement of the data collection system to reduce the time latency of data receipt and analysis.
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The rapid, early detection of disease outbreaks has become
a national priority and an emerging field of research.1

Kaufmann et al.,2 after analyzing several bioterrorism
scenarios, concluded that ‘‘delay in starting a prophylaxis
program is the single most important factor leading to
increased loss of life and health.’’ The urgency of the problem
is reflected in an explosion of research on new computer-
based disease surveillance systems.3–12

Wagner et al.1 recently discussed four possible ways to
improve the earliness of outbreak detection. Prominent
among them is the use of new types of surveillance data that
track sales of over-the-counter (OTC) health care products
such as cough syrup that are purchased early in the course of
illness by sick individuals for the symptomatic treatment of
illness. For common syndromes such as upper respiratory
illness (‘‘flu’’) and asthma, the sick are more likely to self-treat
with OTC health care products than to see a physician. In
a random digit dialing survey of 1,505 individuals conducted
by the Consumer Healthcare Products Association in 2001,
72% (505 of 701) of those with cough, cold, ‘‘flu,’’ or sore

throat in the previous six months treated themselves with an
OTC health care product. Importantly, in 42%, purchase or
use of OTC preparations was their first action, and in 34%,
self-observation was the first action.13 In less than 9% was
seeking professional medical care the first action. For the
symptom of headache, the findings were even stronger (81%
self-medication and 52% self-observation, respectively, with
4% seeking a physician as the first action).13 In a population-
based survey of 42,333 adults in the province of Ontario,
Canada, only 14% of adults with upper respiratory tract
infections visited a doctor, whereas 76% engaged in self-care
with OTC medications.14 Sales of OTC health care products
have attractive characteristics for outbreak detection. In the
United States, use of scanners and Universal Product Codes
at checkout counters in retail industry stores facilitates
routine collection of such data in real time. A small number
of national companies own the majority of retail outlets that
sell such products, and these corporations integrate their sales
data at the national level in near to real time. For these
reasons, the technical effort and cost to obtain these data for
public health surveillance are comparatively low.

Preliminary studies suggest that sales of OTC health care
products can be used for the early detection of outbreaks,15–17

yet research progress has been slow due to the difficulty in
obtaining data to adequately test the hypothesis in a suffi-
ciently large number of sizable outbreaks. The first such
study, reported in 1979, showed an association between
influenza B activity and purchases of cold remedies for
a single outbreak.17 A recent study of 18 seasonal outbreaks in
children showed that sales of pediatric electrolyte solutions
correlated strongly with hospitalizations of children for
gastrointestinal and respiratory illnesses and usually pre-
ceded the hospitalizations by more than two weeks.15

Unpublished research shows increases in sales of OTC ‘‘flu’’
and cough preparations preceding increases in influenza
activity as measured by outpatient billing diagnoses.16 Other
research (conducted by our laboratory and others) simulates
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the effects of outbreaks of different magnitudes and time
courses on sales of OTC health care products (and other types
of data) to understand the smallest increase in sales that
would be detectable above background levels of sales.18,19

A rationale for not monitoring nonspecific data such as sales
of OTC health care products as a means of alerting has been
presented by Broome et al.,20 who raise concerns that data
with low specificity will require an increment of hundreds of
units over baseline levels before detection would occur, and
that the cost of investigating false alarms may be too high.

Because of the threat of bioterrorism, the relative ease and low
cost of monitoring sales of OTC health care products, and the
accumulating evidence in favor of monitoring sales of OTC
health care products, the Real-time Outbreak and Disease
Surveillance (RODS) laboratory worked with the retail
industry to build a retail data monitor for the Com-
monwealth of Pennsylvania. The authors quickly realized
that the same effort could create a National Retail Data
Monitor. This report describes the design and current status
of the National Retail Data Monitor.

Background
Public Health Surveillance
The role of public health surveillance in general is to collect,
analyze, and interpret data about biological agents, diseases,
risk factors, and other health events and to provide timely dis-
semination of collected information to decision makers.21–23

Public health surveillance traditionally relies on manual
operations and off-line analysis. Key components of such
activities include reporting by clinicians and laboratories on
notifiable diseases and dependence on astute clinicians to
notice and report suspicious clusters of cases to health
departments. The utility of these traditional disease surveil-
lance approaches for the early detection of outbreaks is
limited severely by delays in obtaining and analyzing the
data, by the reliability of the antiquated ‘‘reportable disease’’
system, and by the delays that result from clinicians waiting
to make reports until the diagnosis is confirmed by definitive
testing.

Newer automated surveillance systems and other monitoring
techniques have been developed to detect epidemics more
rapidly, utilizing routinely collected and often prediagnostic
data. These efforts have been pioneered by regional projects
located in New York City, Washington, DC, Utah, Indiana,
Seattle, Pennsylvania, and other locations.3–11

Universal Product Codes
Monitoring of retail data would be impossible if not for the
existence of a standard coding system for retail products.
Retailers and manufacturers in North America use Universal
Product Bar codes (‘‘UPC codes’’) in their data systems. UPC
codes are 12-digit numbers used by manufacturers to
uniquely identify themselves and their products worldwide.
UPC codes consist of black and white bars and a number.
Retailers scan products at the cash register to detect these
symbols and thereby collect data in real time about their sales.
UPC codes originate from the Uniform Code Council, Inc.
(UCC), a not-for-profit standards organization. The mission
of the UCC is to establish and promote multi-industry
standards for product identification and related electronic

communication. The UCC administers the UPC codes and
provides a range of standards and business solutions for over
250,000 member companies doing business in 25 major
industries. A manufacturer pays an annual fee to join the
council. In return, the council issues the manufacturer a
six-digit manufacturer identification number and provides
guidelines on how to use it. The manufacturer identification
number is the first six digits of the UPC number, and the next
five digits are the item number followed by a one-digit field
used as a check digit to ensure UPC number accuracy. A
person employed by the manufacturer, called the UPC
coordinator, is responsible for assigning item numbers to
products, making sure the same code is not used on more
than one product, retiring codes as products are removed
from the product line, and other duties. In general, every item
the manufacturer sells, as well as every size package and
every repackaging of the item, needs a different item code. So,
a 4-ounce bottle of Tylenol Children’s Cold Great Grape
Flavor—Alcohol Free, Aspirin Free, is assigned a different item
number from an 8-ounce bottle of Tylenol Children’s Cold Great
Cherry Flavor—Alcohol Free, Aspirin Free.

Regions that Monitor OTC Sales
Surveillance systems developed by the Johns Hopkins
Applied Physics Laboratory in the National Capital Area 24

and by the New York City Department of Health 25 collect
and analyze sales of OTC health care products for public
health surveillance. The New York City project obtains data
in nine product categories from a single local chain. The
National Capital Area project obtains data from two large
national chains, but the data are limited to the National
Capital Area. These efforts have similarities to the current
project in the type of data being collected and the purpose of
the systems. A key difference of the National Retail Data
Monitor is that it receives nationwide data from the national
data warehouses of retailers.

Design Objectives
The purpose of the National Retail Data Monitor is to collect
and analyze sales of OTC health care products to detect
outbreaks of disease. Because of the relative lack of specificity
of OTC health care products as indicators of disease, the types
of outbreaks that the current system is intended to detect are
those that involve a relatively large proportion of individuals
in the geographic region being analyzed (in this case, zip
code). Currently, themethods used in theNational Retail Data
Monitor also are focused on detecting sudden outbreaks,
although this current specialization is not a fundamental
limitation of the approach. In particular, the current niche for
the National Retail Data Monitor is early detection of a mass
exposure of a large number of people through contamination
of the air, food, or water (a cohort exposure). Soon after such an
exposure, the cohort will become symptomatic, and, de-
pending on the symptoms, may begin self-treatment and then
either recover or seek medical care. If the cohort is large
enough, sales of OTC health care products will increase
significantly above the normal, background level of sales.

A key requirement for early detection is to minimize the time
latency between time of purchase and time when data
become available for analysis. Time intervals as small as
hours can make a difference when a large cohort is exposed to
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rapidly progressing diseases such as anthrax.1,2,26 Therefore,
a design objective is to collect and analyze the data in as near
as real time as possible, with at most a day’s delay from time
of sale. A second requirement is completeness of sales data
collection, which is important for both early detection and
sensitivity to smaller outbreaks. The number of independent
stores not participating in centralized data collection limits
available data to less than 100% coverage of sales. The
project’s specific objective, therefore, is to collect sales data
sufficient to achieve at least 70% market share nationally and
to achieve 70% share in each of the 20 largest urban regions
(Fig. 2). A third requirement concerns the need for precise
spatial information in outbreak detection. Ideally, one would
receive data that support spatial analysis at the level of
individual store locations, or at least by the zip codes of stores.

Additional desiderata include collection of supplemental
data—for example, indicating when retailers feature pro-
motions or how day of the week affects local sales volumes.
Because UPC codes change, a system for maintaining UPC
code masters and mappings from UPC codes to analytic
categories also is a requirement. Finally, it is essential to create
an effective link between the surveillance data, public health
review, and response. If the information collected by the
National Retail Data Monitor is not reviewed by the intended
users of the system (local, state, and federal public health
authorities) and does not influence response (e.g., quarantine
and medical treatment), the National Retail Data Monitor
cannot have an impact on preventing morbidity and mor-
tality and therefore will have no utility beyond supporting
retrospective research.

System Description
This section describes methods used in the National Retail
Data Monitor to receive data from retailers, analyze and
process the data, and define and maintain product categories.

The ‘‘Data Utility’’ Model
The National Retail Data Monitor is a data utility for the
collection, analysis, and distribution of data on sales of OTC
health care products and provision of the data to health
departments. This approach reduces the resources required
for health departments to monitor sales of OTC health care

products. Without a data utility, each health department
would have to negotiate data-sharing agreements with many
retailers, work with the retailers to understand the data, build
systems to collect and analyze the data, and maintain UPC
master medication lists as new product codes are assigned.
Few health departments have such resources, and retailers
have already expressed resistance to this approach. A
national data-utility approach also is efficient because most
large urban population centers cross jurisdictional bound-
aries of health departments. Without a centralized approach,
each health department would either collect data only for its
own jurisdiction (and thus have an incomplete picture of the
health of the region) or redundantly collect data for over-
lapping nearby jurisdictions.

Data Agreements with Retailers
Working with Information Resources, Inc. (IRI) and
ACNielsen, the major syndicated data analysts for U.S. retail
industries, the authors identified the significant market share
leaders for OTC health care products in the country. The
analysis showed that the top five national retailers account for
approximately 48% of sales of OTC health care products
nationwide, the top 10 retailers for 65%, and the top 20
retailers for 76% of sales. Although the effect of incomplete
monitoring of OTC sales on sensitivity of outbreak detection
is not fully understood, 65% or 76% sampling far exceeds
the sampling efficiency of most public health surveillance
schemes.6,27,28 The process of determining which retailers
would be ideally suited for participation involved merging
and analyzing a significant amount of industry knowledge
and market share data. Figure 1 shows the market coverage
provided by the top four national drugstore chains for the 20
most populous U.S. cities. In Washington DC, for example,
two retailers account for approximately 75% of all sales of
OTC health care products. The chart also identifies the market
share of the largest nonnational retailer in the region. In New
York City, a large local retailer accounts for an estimated 25%
of market share. That retailer is already providing OTC data
for surveillance to the New York City Department of Health,
and the additional data provided by only two national chains
could bring retail data monitoring for the New York City area
to over 80%.

F i g u r e 1. Market share of over-the-counter (OTC) health care products of the four largest national retailers for the 20 most
populated metropolitan areas in the United States. Also shown is the market share of the largest local retailer for each
metropolitan area. The combination of the four national retailers and the largest local retailer provides 50% to 90% market share
coverage for all cities. The four retailers do not necessarily correspond to retailers participating in this project. Source: Estimated
from industry statistics using ACNielsen Scantrack, IRI Infoscan, and Racher Press Chain Drug Research.
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Once the authors identified the retailers with sufficiently
large market share to make a meaningful surveillance
impact, they asked the retailers to provide their data.
Discussions with the retailers were facilitated by intro-
ductions made by the IRI and ACNielsen corporations and
by letters provided by the Pennsylvania Department of
Health and by the Director of the U.S. Centers for Disease
Control and Prevention (CDC), Dr. Julie L. Gerberding.
Currently, four retailers are providing OTC sales data. For
confidentiality reasons, the authors cannot disclose their
names, but they comprise approximately 10,000 individual
pharmacies representing 23% market share nationally (Fig.
2). Additionally, three other national retailers have agreed
to provide data for their 8,000 pharmacies, which will bring
the total to approximately 18,000 pharmacies representing
approximately 33% of total U.S. OTC health care product
sales.

The retailers and the University of Pittsburgh have executed
data sharing agreements that permit the University to
redistribute the data to those Departments of Health
(DOHs) that are participating in the project as well as to the

CDC. The agreements stipulate that the data must be
aggregated with similar other data by zip code. Each par-
ticipating DOH is permitted to access only those portions of
the data that are relevant to the jurisdiction of that DOH. The
DOHs may also review aggregated data using the RODS
monitoring system interfaces (described below and in another
article in this issue of JAMIA). Several retailers expressed
concerns that their data not be shared with competitors.
These concerns were satisfied by a clause in the data-sharing
agreement that prohibits the aggregated data from being
shared back to any retailer. Finally, the companies make no
warranties of any kind. Retail data that are being collected
by the National Retail Data System are not governed by
Health Insurance Portability and Accountability Act (HIPAA)
regulations because they are not Personal Health Information
—the data describe the quantity of product that the stores are
selling per day, not what any individual is buying.

Data Feeds
The requirements for the data feeds from the retailers were
minimal time latency and data content with a level of

F i g u r e 2. National Retail Data Monitor: Sales of thermometers by county on May 17, 2003. This map summarizes data
received from approximately 10,000 stores belonging to four national retail chains. The color green (the lighter shade) indicates
that sales of thermometers on that day were within 0.5 standard deviations of expected, and the color blue (the darker shade)
indicates sales were between 0.5 and 2.0 standard deviations.
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granularity of sales by UPC number, by day, and by store.
Due to varying capabilities and preferences, different retailers
are at different stages of evolution toward the ideal goal of
UPC level of granularity, and this heterogeneity is reflected in
the user interface shown in Figure 4. The initial two retailers
currently transmit daily counts of OTC sales in five product
categories: pediatric electrolytes, cough-and-cold products,
thermometers, stomach remedies, and antifever medications.
These retailers have agreed to create UPC-level feeds. The
third and fourth retailers are transmitting a finer-grained set
of categories that contain pediatric-adult distinctions. These
retailers have agreed also to create UPC-level feeds. The 18
categories can be aggregated for analytic purposes into the
original five categories and are so aggregated in the ‘Day Old’
categories shown in Figure 4. The fifth, sixth, and seventh
retailers—who have agreed to participate but have not yet
built data interfaces—will build UPC-level feeds.

Every day, three retailers transfer the previous day’s sales
data by secure file transfer protocol over the Internet by 3 PM

EST. The fourth retailer transmits data approximately every
two hours around the clock. The combined data volume
currently approximates 14 megabytes (for four retail chains)
per day in comma-separated format, although this number
will increase when the feeds are converted to UPC-level
granularity.

Data Storage and Security
The data are stored in a secure, firewall-protected facility that
has been described previously.4 The facility meets high
availability and capacity requirements. The design assumes
that, in the event of a bioterrorism-related outbreak anywhere
in the country, thousands of users at health departments will
query the site repeatedly and continuously. The technical
approach therefore involves (1) fault tolerant network and
server configurations; (2) utilization of hardware that
supports future mirrored operation at a second site; (3) server
clustering that facilitates fault tolerance and load balancing;
and (4) early creation of a second mirrored site to ensure
against loss through fire or other building event.

Mapping Universal Product Codes into Product
Categories
Many of the distinctions represented by UPC codes have little
importance in public health surveillance. It is unlikely that the
sale of a 4-ounce bottle of grape-flavored cough syrup is
a better indicator of cough than the 8-ounce bottle of cherry-
flavored syrup. Moreover, sales of individual products have
high variability due to marketing factors such as coupons,
discounts, and shelf placement in the store. Therefore, the
authors developed a method to aggregate products into
analytic classes (product categories) for detection. Currently,
two different product categorizations are used because there
currently is a transition from reporting the original five
categories (mentioned earlier) to a new set of 18 more finely
grained categories (Table 1). The authors (as clinicians)
constructed the 18 categories by reviewing all OTC health
care products available on the market across the United States
(as defined by the ACNielsen current listing of products). The
first step was to eliminate products of no apparent value for
outbreak detection such as sports cream analgesics. There then
remained 7,554 unique OTC health care products (each
represented by a unique UPC). Next, each remaining product

was assigned to exactly one of the 18 categories by using
information that was either explicitly available as a coded
characteristic of the product or derivable by simple lexical
processing methods from the information provided by
ACNielsen. If the latter automated assignment did not work,
manual assignment was done based on the same informa-
tion sources. The assignment process guaranteed that 18
categories were exhaustive and mutually exclusive (i.e., all
7,554 health care products of interest are included, but each
only maps to one category). As a result, combinations of the
18 categories can be merged into broader categories (e.g.,
counts of pediatric and adult cough liquids can be accurately
merged into counts of cough liquids by simple addition).

Maintaining UPC-to-category Mappings
Product changes (‘‘new improved formula’’) result in the
assignment of new UPC codes to products, creating a need
to update UPC-to-category assignments. Store brands are
a particularly difficult instance of this problem, because the
retailer, as the manufacturer of the product, has no real need
to share an ‘‘internal’’ UPC code outside of the corporation.
Because of these considerations, updating UPC-to-category
mappings is an important requirement. As a general rule, the
majority of UPC code changes in the OTC drug industry
occur in August and September when the industry launches
new initiatives and releases new products each year. Similar
to the technology industry hosting the annual COMDEX
trade fair, the drug industry hosts annual food and drug
buying ‘‘shows’’ in which the majority of the upcoming
merchandising year’s buying decisions are made and
contracts executed. Fortunately, ACNielsen and IRI monitor
UPC-code changes as part of their normal business, and the
authors plan to incorporate a similar process for the purpose
of ongoing maintenance. The current approach for main-
taining UPC data integrity over time compares the existing
UPCmapwith a new universal map from an industry partner
on at least a monthly basis to identify new codes. For the
future, several experts who represent top manufacturers,
retailers, syndicated data analysts, and industry standards

Table 1 j OTC Health Care Product Analytic
Categories

Category UPC Count

Cold relief, adult, liquid 709
Cold relief, adult, tablet 2,467
Cold relief, pediatric, liquid 323
Cold relief, pediatric, tablet 74
Cough syrup, adult, liquid 592
Cough syrup, adult, tablet 32
Cough syrup, pediatric, liquid 24
Nasal product internal 371
Throat lozenges 364
Antipyretic, pediatric 274
Antipyretic, adult 1,340
Bronchial remedies 43
Chest rubs 78
Diarrhea remedies 165
Electrolytes, pediatric 75
Hydrocortisones 185
Thermometer, pediatric 125
Thermometer, adult 313

TOTAL 7,554
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governance organizations—including the Uniform Code
Council, which manages the distribution of UPCs and all
electronic commerce standards in the industry—have agreed
to make their expertise available to design a process model
that will work throughout the industry.

Integrating Real-time and Day-old Data
The existence of two different time latencies in the data feeds
(three retailers send data at 3 PM about the previous day’s
sales, and one retailer sends data every two hours) presented
a design challenge. Either the real-time data could be held in
abeyance until the following day (a lowest common de-
nominator approach), or the real-time data could be handled
as a separate data source, facilitating much earlier analysis,
with the potential benefit of earlier detection. Because de-
tecting cohort exposures as early as possible is important, the
authors chose to treat the real-time data as a separate data
stream. Analyzing the data in this manner asks the question,
Can the monitor detect anything unusual about today, using only
data from the real-time stores? The authors have not yet
implemented detection algorithms on the real-time data
stream, although the approach will be identical to how the
day-old data are analyzed. Currently, detection algorithms
operate on the day-old data stream, which includes data from
all four retailers. This analysis asks the question, Can the
monitor detect anything unusual about yesterday, using data from
all the stores?

User Interfaces and Routing Data to Health
Departments
Health departments can access data collected by the National
Retail Data Monitor in two ways: (1) through secure Web
interfaces that provide temporal and geographic plotting
capabilities and (2) through secure raw data feeds that end-
user sites can analyze using their own surveillance software
or analytic packages. Most health departments use the Web
interfaces. Any health department may obtain user accounts
for its staff by contacting <nrdmaccounts@cbmi.pitt.edu>. A
staff member will be asked to execute a simple data use
agreement that limits the use of the data to public health
surveillance purposes. Five entities receive rawdata on a daily
basis at 5 PM EST. They are New York State, New York City,
New Jersey, the ESSENCE/JHAP project in the National
Capital Area (comprising Washington, DC, Virginia, and
Maryland), and the CDC.

Currently, users are instructed to log into the Web interface
once a day at 5 PM local time when the data and analyses
from the previous day’s sales of OTC health care products
become available.

Maps
Users can visualize sales of OTC health care products on
maps to detect spatial patterns such as clusters of zip codes
with increased sales or linear clusters of zip codes with
increased sales. Figure 3 is an example of a map generated by
the National Retail Data Monitor. There are currently five
such maps (one per product category) per geographic region
per day for review. When the monitor is converted to include
18 categories and augmented to map analyses of real-time
data, there potentially will be 36 maps to review per day. This
number is large. Although some of these product categories
may not be of interest to public health and can be eliminated,

a more general solution that the authors plan to implement in
the near future will be to screen the maps automatically with
spatial scan statistics to identify those with anomalies
suggesting a need for human review.29–31

The maps represent a novel approach to presenting
surveillance data. They plot for each zip code—using the
colors green, blue, yellow, orange, and red to indicate
increasing levels of concern—how ‘‘unusual’’ sales were for
the day in question relative to historical patterns of sales for
that zip code. In particular, the colors represent the num-
ber of standard deviations by which the observed sales of
a product category in a zip code deviate from the expected
counts. In presenting the data in this fashion, the map serves
as a device to focus the user’s attention on the degree(s) of
anomaly. A user can quickly spot whether the map is
predominantly green with a scattering of blue zip codes as
would be expected, or whether there are confluent or linear
patterns of blue, yellow, orange, or red indicating ‘‘unusual’’
sales activities. The map monitor computes the number of
standard deviations relative to a residual signal that has
zero mean and constant variation after removal of weekly
and longer trends in the data by wavelet transformation.
This procedure is intended to produce a ‘‘normalized’’ map
that is very sensitive to sudden increases in product counts
as would be the case in a medium- to large-scale con-
tamination of the air, food, or water. Alternative trans-
formations of the data are possible using different signal
processing approaches focused on detecting more gradual
increases. The authors discuss below the reasons that they
do not attempt to plot population- and sampling-adjusted
mapping.

Normalization Issues
Because populations and market share coverage for sales of
OTC health care products differ between zip codes, plotting
raw sales counts is uninformative. The raw sales data for a zip
code in midtown Manhattan in the absence of any epidemic
might vastly exceed sales in a rural zip code in New Jersey
even if every individual in the New Jersey town were to be ill
and make purchases.

Epidemiologists are accustomed to adjusting for sampling
rate and population differences by plotting the incidence of
disease per 100,000 population. Transformations of sales
data that approximate this metric would have the desired
property of familiarity. If one assumes that the purchase of
an OTC health care product is a reasonable indicator of
disease (on a one unit to one case basis), one could in theory
estimate disease incidence by the following equation that
normalizes the raw counts by both market share and
population:

incidence ¼ ðraw daily sales in zip code=

market shareÞ=population in zip code
Thus, if the market share being monitored were only 50% in
one zip code, after normalizing by market share, the adjusted
counts would be double the observed counts from that zip
code, making the counts comparable to those from a zip
code with 100% market share. After further adjustment by
population, the resulting ‘‘incidence’’ would have the desir-
able property of being comparable across zip codes with
different market share and vastly different populations.
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However, there are practical problems that make normaliza-
tion a nontrivial task. The authors cannot yet obtain good
estimates of market share at the zip code or even county level.
Highly reliable estimates of market share are available at
the regional (multicounty) level, but that level of analysis
sacrifices spatial granularity. There is a more fundamental
problem—people living in a particular zip code may make
most of their purchases at stores in a different zip code. For
example, commuters to New York City may buy OTC health
care products near their place of work, or patrons of a store
located on the border of a zip code area may predominantly
reside in an adjacent zip code region. For these reasons, the
authors took the more general approach to spatial analysis
described in the previous section.

Time-series Data (Epi Curves)
Figure 4 shows the epidemic curve plotting capability of the
National Retail Data Monitor. The user can review sales of
OTC health care products for any product category, region, or
time interval. The user can plot raw counts or counts that are
normalized (divided) by the total number of OTC health care

products sold on that date in the region in question.
Normalization in theory is desirable because sales are
influenced by nondisease factors such as store hours and
bad weather (e.g., blizzards). Such factors potentially could
be adjusted for through measures of overall store traffic (as
indicated by unique cash register checkouts). The monitor
does not yet obtain suchmeasures from all retailers so that the
monitor can only normalize by measures of overall sales
activities (available as total sales of OTC health care
products). A problem with this approach is that sales of
OTC health care products are dominated by the cough-and-
cold category, so normalization of the cough-and-cold signal
itself by total sales will tend to remove any real spikes in
cough-and-cold sales. For this reason, the authors recom-
mend that users look at raw data in the current interface.

Store and newspaper product promotions are another
potential confounder, although retailers know that it is very
difficult to promote increased consumption in the absence of
disease for many products. Promotions may affect which
specific products consumers purchase within a category but

F i g u r e 3. National Retail Data Monitor: Sales of pediatric electrolytes in Philadelphia on May 17, 2003. The color coding
indicates the level of sales of pediatric electrolytes for each zip code, relative to historical trends for that zip code. Most of the zip
codes are colored green (the lighter shade) indicating that sales are within 0.5 standard deviations of expected. A few zip codes are
colored blue (slightly darker shade), indicating sales are 0.5 to 2.0 standard deviations higher than expected. There are no clusterings
of blue zip codes (or yellow, orange, or red areas) that would be indicative of more anomalous sales activity perhaps warranting
investigation.
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do not affect category-level sales. Nevertheless, the data feeds
from retailers distinguish between sales of promoted and
nonpromoted items (i.e., there are two records for every
category—that day’s sales of promoted products and that
day’s sales of nonpromoted product). To expose the potential
effects of promotion on the time series, the user interfaces plot
both nonpromoted sales and total sales (the lower and upper
lines, respectively, in the graphs in Figure 4).

Status Report
The National Retail Data Monitor has been in continuous
operation since December 2002. The authors consider the
project to be in its developmental ‘‘build’’ phase due to
ongoing work with the retail industry to achieve 70% data
coverage, reduce time latency, and move to UPC-level data
feeds. As of May 15, 2003, the data coverage of the system is
23% of total national sales of OTC health care products. The
time latency is one day or less. The project has created 119
user accounts for health department employees in 17 states,
Washington DC, and at the CDC. Five entities receive raw

data feeds from the system including New York City, JHAP/
Essence in the National Capital Area, New York State, New
Jersey, and the CDC.

The goal for system usage is that the product category
geographic maps for each jurisdiction be reviewed every day
when they become available at 5 PM local time. This map-
based analysis is a relatively recent feature and there has not
been sufficient time for education about the schedule of
availability and its proper use. Recent usage statistics indicate
that on weekdays, at least 15 unique users log in per day,
dropping to three on weekends. The authors have not
analyzed this usage data sufficiently to understand how
many jurisdictions are monitoring the data routinely. Ideally,
differential rates for weekend and weekday usage should not
exist in an operational surveillance system. The data suggest
that, possibly related to temporal staffing patterns, some
users may perceive the system as something to consult in the
event of an epidemic or a heightened level of alert but not as
an early warning system (its intended use). The long-term
status of the system is under discussion with a coalition of

F i g u r e 4. National Retail Data Monitor: Sales of six product categories in San Diego for a three-week period. This screen
shows daily sales of five DayOld OTC product categories and the Cough syrup adult liquid Realtime OTC category (bottom right of
screen). The upper line in each graph represents total sales and the lower, nonpromotional. A dip in Sunday sales of cough and
cold products is visible. Users can view an arbitrary number of such graphs by checking the desired graphs on the list on the left of
the screen and then clicking ‘‘Plot It.’’ At the bottom of the screen are controls for selecting the geographic region, time interval,
and normalization (by total OTC sales). Controls also allow download of 30 days of data to a file for off-line analysis. The ‘‘Get
Cases’’ function is not available for OTC sales data.
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states that are considering creating shared surveillance
resources. During the ongoing ‘‘build’’ phase, the National
Retail Data Monitor will continue to be supported by grant
funding from the Commonwealth of Pennsylvania. The
authors have actively sought additional support from
foundations, the Department of Homeland Security, De-
partment of Health and Human Services, and CDC.

Discussion
When completed, the National Retail Data Monitor will make
available to health departments, in near to real time, UPC-
level product sales data in both raw and analyzed form
representing at least 70% of sales in their jurisdictions. These
data may be useful for public health surveillance for
bioterrorism, infectious diseases, and chronic diseases. The
data will also be useful for prospective validation studies of
new detection methods. The National Retail Data Monitor
represents a model for developing a ‘‘data utility’’ that can
serve public health surveillance. As such, the authors’ ex-
periences might facilitate future development of public health
surveillance tools using data from nurse call centers, health
maintenance organizations, national laboratory companies,
and poison call centers.

The authors found that a key element for success included the
deep understanding of the industry provided to them by an
industry expert. This knowledge was invaluable in crafting
all aspects of the project, from the ‘‘80–20 sufficing’’ approach,
to obtaining the data, to designating product categories, and
to maintenance issues. The authors also found that presenting
the scientific case for the value of the data was important.
Equally key was a personal invitation, sent to the CEO of
relevant corporations, for participation (sharing of otherwise
proprietary data), authored by a highly respected govern-
ment or public health official. Another success factor involved
the development of an interdisciplinary team with expertise
in medical informatics, computer science, law, and engineer-
ing.

Many of the problems encountered in analysis and pre-
sentation of surveillance data are not unique to retail data. For
example, the problem of merging similar data arriving from
multiple sources with different time latencies will be common
in new surveillance approaches (e.g., hospital registration
data may be available in real time from some sources and in
batch mode with a one-day delay from other sources). The
issues of normalization for spatial and temporal analysis are
generic, and we have already encountered themwith analysis
of hospital chief complaint data in our own work and
anticipate that they will be found in analysis of call data to
nurse call lines. The method of spatial analysis involving
plotting standard deviations for each spatial cell, based on
that cell’s historical expectation, may be widely applicable in
other domains.

Other lessons learned include that data sharing agreements
should allow redistribution of data to any public health
authority and permit data to be used in research. Data sources
that are amenable to a ‘‘national’’ approach should be formed
into data utilities—services independent of any particular
user interface—and should be industry based. Health de-
partments differ in their needs. Some agencies prefer to
receive raw data because they already have surveillance
‘‘front ends’’ or are more comfortable using ‘‘off-line’’ analytic

packages. Although there is very significant value in creating
analytic applications for users, delivering the data through
only a monolithic, vertical application would not meet the
needs of a significant subset of end-users (health de-
partments).

The project’s immediate future plans are to achieve the target
of 70% data coverage and to reduce time latencies toward
‘‘real time.’’ The project intends to add a rapid spatial scan
algorithm to automate more fully the review of maps. The
project will develop an evaluation strategy to document
prospectively the system’s ability to detect naturally occur-
ring outbreaks, should they occur.

Longer-term project plans include the expansion of monitor-
ing to the level of selected prescription medications. As in the
case of retail products, a standard coding system (NDC) that
is used in industry data systems provides the basis of
feasibility. The national retailers’ store prescription data are
stored separately from retail sales data. Prescription data are
subject to HIPAA controls, but aggregation of the data by zip
code, similar to how sales of OTC health care products are
aggregated, should satisfy HIPAA regulations.

Future plans also include extension of the project to in-
ternational scope. Just as the Uniform Code Council
administers and manages UPCs in the United States and
Canada, EAN International provides the same service outside
of North America by using European Article Numbering
(EAN) codes. EAN is a UPC-compatible system, which began
in the 1970s and eventually merged into the current
EAN�UCC System, used as a standard by 45 countries
including Japan, and most of the European Union for coding
pharmaceutical products.

Conclusions
TheNational Retail DataMonitor is a generalmodel for a class
of surveillance approaches that leverage existing commercial
data collections. The promise of such systems derives from
the inherent early availability of their data (reflecting early
illness behaviors) and the extreme efficiency with which the
data can be obtained, relative to more traditional surveillance
data methods. Only with real-world experience in detecting
various types of outbreaks will the true utility of the National
Retail Data Monitor become known.
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