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Review of syndromic surveillance: implications for

waterborne disease detection
Magdalena Berger, Rita Shiau, June M Weintraub

J Epidemiol Community Health 2006,60:543-550. doi: 10.1136/jech.2005.038539

Syndromic surveillance is the gathering of data for public
health purposes before laboratory or clinically confirmed
information is available. Interest in syndromic surveillance
has increased because of concerns about bioterrorism. In
addition to bioterrorism detection, syndromic surveillance
may be suited to detecting waterborne disease outbreaks.
Theoretical benefits of syndromic surveillance include
potential timeliness, increased response capacity, ability to
establish baseline disease burdens, and ability to delineate
the geographical reach of an outbreak. This review
summarises the evidence gathered from retrospective,
prospective, and simulation studies to assess the efficacy of
syndromic surveillance for waterborne disease detection.
There is litfle evidence that syndromic surveillance mitigates
the effects of disease outbreaks through earlier detection
and response. Syndromic surveillance should not be
implemented at the expense of traditional disease
surveillance, and should not be relied upon as a principal
outbreak detection tool. The utility of syndromic
surveillance is dependent on alarm thresholds that can be
evaluated in practice. Syndromic data sources such as over
the counter drug sales for detection of waterborne
outbreaks should be further evaluated.

detection that has been used by public
health departments since the mid-1990s.'
The CDC has defined syndromic surveillance as
“...surveillance using health-related data that
precede diagnosis and signal a sufficient prob-
ability of a case or an outbreak to warrant further
public health response.”” In the USA, interest in
syndromic surveillance increased after
September 11, 2001 because of concern about
the possibility of bioterrorist attacks.
Theoretically, syndromic surveillance systems
have the potential to supplement traditional
infectious disease surveillance systems by pro-
viding information about the extent of an out-
break or seasonal increases in disease incidence.
They may also provide reassurance that an
outbreak is not happening. As syndromic data
are gathered before diagnostic or laboratory
information is available, health departments
may be able to recognise and respond to
increases in disease incidence before formal
diagnoses are made, and to respond to outbreaks
early in their course. In this way, syndromic

S yndromic surveillance is a tool for outbreak
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surveillance has the potential to effectively
mitigate the extent of morbidity, mortality, and
social and financial unrest resulting from natural
or manmade outbreaks.

The effectiveness of syndromic surveillance in
terms of informing timely and successful public
health interventions has not been demonstrated
in public health practice. Although the impetus
for its development has been its potential use as
a bioterrorism preparedness tool, it may be well
suited to monitoring naturally occurring infec-
tious and chronic disease. The utility of syndro-
mic surveillance for monitoring waterborne or
environmentally mediated disease incidence has
not been assessed to date. However, any decision
about the implementation of a syndromic sur-
veillance system cannot focus on only one aspect
of disease surveillance and response. This deci-
sion has to be made within the context of the
existing public health system and its ability to
respond to public health threats of all types.
Additionally the design of an effective syndromic
surveillance system must take into account the
data needs and response capabilities of many
different public health responders.

This review summarises the evidence gathered
from retrospective, prospective, and simulation
studies to assess the efficacy of syndromic
surveillance for waterborne diseases detection.
The original aim of this review was to determine
the utility of syndromic surveillance systems for
waterborne disease detection in the San
Francisco Bay Area. All articles were selected
from peer reviewed articles found on Medline
under the search term ‘““syndromic surveillance”.

DATA SOURCES

Three levels of data may be used for disease
surveillance: pre-clinical data, clinical pre-diag-
nostic data, and diagnostic data.” Syndromic
surveillance usually uses two types of data
sources: pre-clinical and clinical pre-diagnostic
data. Traditional surveillance generally focuses
on diagnostic data.

Pre-clinical data sources

Public behaviour may be an early indicator of an
increase in disease incidence in the population.
Information about school and work absentee-
ism,' * calls to nurse help lines,” poison control
centres,® water utility complaint lines,” and sales
information of over the counter and prescription
drugs' * '* may give information about the level
of disease in the population. Other environmen-
tal data, such as drinking water turbidity levels,
may also be useful indicators of disease inci-
dence. While pre-clinical data sources tend to be
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more timely than clinical data sources, they are much less
specific and therefore provide a less solid basis for public
health decision making.

Clinical pre-diagnostic data sources

Most clinical data sources currently used by syndromic
surveillance systems consist of electronic data gathered for
an independent purpose and adapted to the needs of the
specific surveillance system. Sources of clinical data used for
syndromic surveillance include health care utilisation records
such as registers of emergency department chief com-
plaints,' * *=* discharge data,”® ambulance dispatch data,”
and ICD-9 or other procedure codes used in inpatient and
outpatient settings.” *° ** Electronically captured orders for
diagnostic tests may also be used as a data source.

Different groupings of symptoms, ICD-9 codes, or drugs, as
well as the most effective free text search algorithms are
being researched to determine how these data are best
analysed to accurately reflect disease activity in the popula-
tion being studied.'” ' 7 **

DATA TIMELINESS AND ACCURACY

Usually, data sources that are chronologically distant from
diagnostic information are timely but not as specific as data
sources that are chronologically closer to diagnosis.” Potential
syndromic surveillance data sources along with each source’s
capacity for being timely and specific are described in figure 1.
Comparing two data sources from this figure illustrates the
trade off between data timeliness (the amount of lag time
from an event to data about the event being available for
interpretation by a public health department) and specificity/
accuracy (the degree to which information with relevant
patient characteristics is available). Over the counter (OTC)
drug data have the benefit of timeliness; for example, people
who are beginning to have symptoms of an intestinal illness
may purchase OTC drugs a day or two before presenting at
the emergency department (ED) or other health care facility.
However, OTC sales data are not very specific; while a rise in
sales of OTC antidiarrhoeal remedies may be the result of an
increase in incidence of diarrhoeal illness, it may be unrelated
to disease incidence. An increase in OTC sales may be
explained by store specials, hoarding behaviours, or duplicate
data transfers. It would be difficult to make a public health
decision based solely on increased OTC sales because it does
not contain any patient specific data. Involving pharmacists
or pharmacy managers in initial models and categorisation of
OTC data may increase the correlation of OTC sales data and
possible human disease. Timeliness of data acquisition is only
valuable if the signal is accurate and specific enough to
inform public health decision making.

The timeliness and specificity of OTC data may be
compared with ED chief complaint data. An increase in chief
complaints of diarrhoea is an unambiguous signal that the
incidence of intestinal illness has increased. It is less timely
than the OTC data but yields much more detailed informa-
tion. None the less this information does not distinguish
between a natural and expected increase, a natural outbreak,
a result of a bioterrorism event, or a coincidental, simulta-
neous increase in intestinal illnesses of varying aetiologies. It
would still be difficult to make a public health decision based
on these data alone without further investigation.

An increase in sales of OTC antidiarrhoeal drugs occurring
concurrently with spikes in other data such as increases in
worker absenteeism, and increases in ED chief complaints of
diarrhoea would be a more reliable indicator of a true
increase in disease incidence than any of these signals on
their own. Developing a mechanism for evaluating data from
disparate sources and of varying relevance to public health
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response is one of the challenges in finding practical
applications for syndromic surveillance information.’

The accuracy of aberration detection signals generated by a
syndromic surveillance system is also greatly affected by the
amount of baseline data that are available. Studies reporting
the use of short term, or “drop-in” syndromic surveillance
systems set up specifically for outbreak detection during a
high profile event consistently cite the lack of baseline data as
a factor that hampered the determination of an appropriate
signal threshold for these systems, often leading to systems
that were overly sensitive and did not account for seasonal or
other temporal factors.” > ** Before a syndromic surveillance
system is instituted for use as a regular surveillance tool,
individual jurisdictions should ensure that at least one year of
historical data are available for use as a reference for signal
threshold determination and signal investigation.

SYNDROMIC SURVEILLANCE EVALUATIONS
Retrospective evaluations

Retrospective analyses show that syndromic surveillance
systems may provide information that would allow public
health departments to predict outbreaks earlier than by using
traditional surveillance. For example, in the Milwaukee,
Wisconsin cryptosporidiosis outbreak of 1993,”' newspaper
reports of over the counter antidiarrhoeal drugs being sold
out at pharmacies were one of the first clues that an unusual
event had occurred.” Calls to nurse hotlines showed a
fourfold increase in the standard deviation of diarrhoea rates
one day before observation of unusual activity by local
pharmacists and five days before the local public health
department was notified of the possible outbreak.> Similarly,
a retrospective review of pharmacy records showed that sales
of over the counter drugs increased fivefold during an
outbreak of cryptosporidiosis in North Battleford,
Saskatchewan.” *> During a 1983 outbreak of waterborne
campylobacteriosis in Florida, pharmacy sales of antidiar-
rhoeals increased eightfold when compared with the same
period in the previous year.'® Retrospective analysis of
Canadian outbreaks of Cryptosporidium, E coli O157:H7, and
Campylobacter also all showed increases in OTC sales that
corresponded to increases in disease incidence.” In New York
City, retrospective analyses of ambulance dispatch data and
ED data showed that they were effective in predicting city
wide respiratory, gastrointestinal, and influenza out-
breaks.” **

Simulations

Simulated outbreaks can examine the ability of syndromic
surveillance systems to accurately predict outbreaks while
minimising false alarms.* *> According to most simulations,
detection algorithms used in syndromic surveillance can best
identify large, geographically widespread increases in disease.
Syndromic surveillance detection algorithms are less success-
ful at identifying small counts or small increases in disease,
showing that syndromic surveillance may augment tradi-
tional disease surveillance but may not improve timeliness or
sensitivity. Simulations of syndromic surveillance suggest
that it is best suited for detecting diseases that have a narrow
incubation period distribution, a steep epidemic curve, a long
prodromal phase, are not included on routine diagnostic
tests, and do not have a specific disease identifying clinical
feature.’

To date no simulations of waterborne disease outbreaks
have been conducted. Stoto ef al tested a hypothetical
syndromic surveillance system by simulating a “fast” out-
break (a disease that would have a steep epidemic curve) and
a “slow” outbreak (a disease with a more gradual epidemic
curve) of influenza-like illness (ILI) using three years of data
from an ED.”” Results of this exercise show that an episode of
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Exposure Mild symptoms Severe Diagnosis Death
onset symptoms onset
Figure 1 Surveillance data sources and health seeking behaviour.

either “fast” or “slow” ILI during the annual influenza
season was undetectable by syndromic surveillance when set
to a 1% false positive rate. During the non-flu (RSI) season
syndromic surveillance algorithms were successful at detect-
ing a “fast” outbreak by day three. However, the “‘slow”
outbreaks were much harder to detect. Only one algorithm
had a 50% probability of detecting this outbreak by day nine.
By day nine, such outbreaks would usually be detected
through traditional surveillance systems. As Stoto et al point
out, “The sudden appearance of large number of ILI
cases...five times the daily average...especially in the
summer- is clearly exceptional and ER physicians do not
require any sophisticated statistical algorithm to tell them
50”7

Prospective reports

Several prospective evaluations of long term surveillance
systems'® * ** *** have been published. Syndromic surveil-
lance has been in use in New York City since 1995 to detect
outbreaks of waterborne diarrhoeal disease. The waterborne
disease surveillance system uses data from OTC antidiar-
rhoeal sales, ED chief complaint logs, reports from sentinel
nursing homes, and reports of positive stool samples from
clinical laboratories. Prospective studies evaluating this
system between 2001 and 2004** *° reviewed citywide signals
and smaller spatial clusters to find out if signals represented
real outbreaks, and whether outbreaks detected by tradi-
tional surveillance were also detected by the syndromic
system. These studies found that, 75% of the citywide
outbreak signals correlated with true citywide viral gastro-
enteritis outbreaks. However, there was no correlation
between smaller spatial clusters detected by the syndromic
surveillance system and gastrointestinal (GI) outbreaks
detected by traditional surveillance. Additionally, there were
36 GI outbreaks detected by traditional surveillance, none of
which were detected by the syndromic surveillance system.
Despite the extensive use of staff resources, the availability of
fully electronic and timely data, and the ability to quickly
initiate responses to various alerts, the syndromic system did
not appreciably improve timeliness or sensitivity to overall

disease surveillance.” A system in Connecticut that tracks
hospital admissions shows similar discrepancies between GI
outbreaks detected by traditional and syndromic surveil-
lance.” This system generated 35 GI illness alarms in the
course of one year, only one of which turned out to be a true
GI outbreak. Additionally, none of 15 GI illness clusters
detected by laboratory surveillance were detected by the
syndromic surveillance system.

The University of Maryland implemented a syndromic
surveillance system in its university hospital and evaluated its
system’s ability to detect actual clusters of patients with GI or
respiratory symptoms presenting to the hospital from 2001 to
2002.* This system incorporated admission, discharge and
transfer data as well as laboratory information system data.
The evaluation showed that a peak in ED visits and an
increase in stool test orders corresponded to a cluster of
patients who later tested positive for infections with Shigella
spp. The authors found the system to be timely and sensitive
for their needs. A similar system is operated by the
Department of Defense (DoD).” The DoD system detected
three outbreaks of diarrhoeal diseases in three different
locations, one of which was laboratory confirmed to be
caused by rotavirus. A system based on ED chief complaint
data administered by the Westchester County Department of
Health was less specific. Over the course of 277 days, 59
signals were detected, none of which corresponded to an
outbreak of a communicable disease.” A multi-jurisdictional
system implemented for the 2002 Olympic games in Utah
tracked encounters at urgent care centres and EDs using the
real-time outbreak and disease surveillance system.'® During
the two month Olympic event the system’s detection
algorithms were exceeded twice; neither of these alarms
corresponded to a real outbreak. The system was successfully
maintained after the end of the Olympic event.

A study by Henry ef al quantified the sensitivity, specificity,
and positive predictive value (PPV) of the Kaiser Mid-
Atlantic Region nurse hotline syndromic system by compar-
ing the level of concordance between syndrome assignments
based on the nurse hotline algorithm and the diagnosis made
based on a subsequent Kaiser office visit. The authors found
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that the nurse hotline system achieved the highest sensitivity
and PPV for respiratory and GI illness syndromes.*

Staff and resources used

Performance evaluations often do not provide information
about time and resources that are used in maintaining the
system and investigating the alarms. In New York City, staff
maintain the system, spending several hours a day, seven
days per week to download and analyse data.' Investigation
of false signals is a significant burden on staff resources.”” An
often mentioned solution is to investigate only those alarms
that are maintained for two or more days and in two or more
geographical areas. However, if the main goal of syndromic
surveillance is to increase timeliness of outbreak detection
and response then waiting two or more days to start an
investigation would negate the timeliness benefit of the
system.* Similarly, if, because of the low specificity of
syndromic signals, local health departments require that
syndromic signals are substantiated by specimen collection
and laboratory confirmation before public health action may
be taken, any potential advantages of timeliness are lost.*’
Decision makers must take into account the ability of the
local public health system to respond to signals when
considering the implementation of any syndromic surveil-
lance system.

SYNDROMIC SURVEILLANCE USES FOR
WATERBORNE DISEASE DETECTION

Criteria derived from simulations can be used to assess which
waterborne diseases may be appropriate for identification by
syndromic surveillance.*

(1) The disease should have a narrow incubation period
distribution.

Incubation periods of waterborne discase agents vary
widely depending on dose, host susceptibility, and other
factors.

(2) The disease should have a steep epidemic curve and a
long prodromal phase.

Most waterborne diseases do not have a prodromal phase
and an outbreak will not necessarily have a steep epidemic
curve.

(3) The disease should not have a specific disease
identifying clinical feature.

Initial symptoms of most potentially waterborne diseases
are non-specific and generally include diarrhoea and other GI
distress. Most of these illnesses do not have a disease
identifying clinical or historical feature that allows clinicians
to pinpoint the cause before performing laboratory tests.*

(4) The disease should not be included in routine
diagnostic tests.

Laboratory tests are not routinely ordered for many
waterborne diseases,* and acute GI illnesses are generally
under diagnosed and underreported.’*

Table 1 lists characteristics of potentially waterborne
pathogens. Because many waterborne diseases lack clinically
identifying features and are not part of routine testing, they
may be good candidates for detection by syndromic surveil-
lance, based on the four criteria listed above. However, many

What this paper adds

To date, little attention has been paid to the possibility of
using syndromic surveillance for monitoring waterborne
disease incidence. This review of the benefits and short-
comings of syndromic surveillance may prove useful to public
health practitioners and planners who are considering
approaches fo improve traditional surveillance systems.
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of the diseases that fit these criteria, while good candidates
for syndromic surveillance, are often commonly occurring
and nor necessarily of high public health importance.

Waterborne disease surveillance in the San Francisco
Bay Area

In the San Francisco Bay Area four counties receive water
from a common water utility. With the exception of a multi-
county cryptosporidiosis surveillance project, surveillance for
potentially waterborne disease in the San Francisco Bay Area
is conducted by each county separately. There is no formal,
timely coordination of waterborne disease surveillance across
county lines. A system with multi-jurisdictional disease
monitoring capabilities could provide public health benefit
by permitting early detection of a multi-county waterborne
outbreak. Surveillance data captured from multiple jurisdic-
tions and interpreted centrally may lead to earlier outbreak
detection than data gathered and interpreted by staff in
separate counties who may not be aware of disease incidence
in neighbouring jurisdictions.

Syndromic surveillance data sources may potentially
provide cross-jurisdictional data, information about the
geographical scope of an outbreak once one was identified,
and additional reassurance that an outbreak was not
occurring. However, the practical utility of syndromic data
sources is uncertain; their outbreak detection benefits are
currently theoretical and will remain so until accurate
electronic capture of data and signal detection algorithms
are refined or data sensitivity increases. The benefits of a
regional waterborne disease surveillance system must be
weighed against the resources required to set up such a
system and the true risk of a waterborne disease outbreak in
the San Francisco Bay Area. Based on the absence of any
known waterborne outbreaks in the history of the water
utility, extensive watershed protection measures, and a
protected water source located in a national park it would
seem that the risk of a waterborne disease outbreak occurring
in the San Francisco Bay Area is quite small.

Potential waterborne disease syndromic surveillance
data sources
Table 2 lists the potential waterborne disease syndromic
surveillance data sources along with indicators of data quality
and utility. Potential data sources in the table are divided into
data that are currently available and accessible in electronic
format in the San Francisco Bay Area and data that are not
currently automated or electronically available but could be
useful once they became automated and electronic.
Compared with other options, OTC surveillance for water-
borne disease is currently the most feasible source of
syndromic surveillance data available in the San Francisco
metropolitan area because of the relative ease of implement-
ing an existing, nationally funded system. Nursing home
surveillance entails large inputs in terms of health depart-
ment and on-site staff and fiscal resources for specimen
testing, data monitoring, and signal investigation. Water
utility complaint, nurse call line, and school and worker
absenteeism logs are currently not compiled electronically in
a central location; setting up a system to electronically
capture these data would entail considerable commitments of

Policy implications

This review will help policy makers weigh the costs and
benefits of implementing a syndromic surveillance system
and will clarify the drawbacks and advantages of potential
data sources.
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will and resources from the department of public health,
other city agencies, and private and public partnerships with
water utilities, insurance providers, hospitals and clinics, and
large employers in the San Francisco Bay Area. Mechanisms
for data storage, sharing, and retrieval would need to be
established for each partnership. Finally and most impor-
tantly, dedicated public health staff who would compile,
manage, and analyse syndromic data on a regular basis, and
respond to syndromic surveillance signals would be needed.
Signal verification and response activities may include: (1)
determining data import and aberration detection algorithm
problems that may lead to erroneous signals (for example,
duplicate data, batch transfers from certain institutions,
miscoding of information at the point of entry, text-string
search algorithms that are too specific or not specific enough,
etc); (2) verifying the validity of the signal by looking for the
presence of signals in other data sources; (3) if the signal is
deemed to be composed of possible true cases, hospital logs
and charts may need to be manually reviewed by hospital or
public health department staff and a line list compiled for
clinical and/or laboratory based case verification; (4) tradi-
tional outbreak investigation activities and application of
interventions. Timeliness provided by a syndromic surveil-
lance system can only be useful if all of the above functions
are supported by and integrated into the activities of the local
health department on a sustained basis.

It is possible that outbreaks of cryptosporidiosis, cyclospor-
iasis, legionellosis, hepatitis A, and others may be detected
through monitoring of OTC sales or that a suspected outbreak
may be confirmed or better characterised through the use of
these data. If OTC surveillance is to be used primarily as a
back up data source to traditional surveillance, staff time for
checking the web based interface would not exceed 15 min-
utes per day. Signal investigation would require additional
resources. While the usefulness of OTC monitoring for
waterborne diseases is only theoretical, given the availability
of multi-county data and the low amount of staff time and
effort needed to monitor the data, utilisation and prospective
evaluation of these data may be recommended for two
purposes: (1) reassurance of the absence of a waterborne
disease outbreak and (2) establishing baseline familiarity
that may prove helpful in the event of a waterborne disease
outbreak. OTC data need to be correlated with known
outbreaks in the geographical area where surveillance is
occurring to clarify the validity and representativeness of
these data before they can be used for prospective outbreak
detection.

CONCLUSION

Because the efficacy of syndromic surveillance is not proved,
it remains unclear whether it is worth the investment of
personnel and financial resources to implement. In addition
to the issues discussed in this review, it is challenging to
develop sensible response protocols for syndromic surveil-
lance systems because the likelihood of false alarms is so
high, and because information is currently not specific
enough to enable more timely outbreak detection or disease
control activities. Although most syndromic surveillance
systems do not use personally identifiable information, there
are also considerations of personal privacy and public comfort
with health information storage and analysis. The data needs
of a syndromic surveillance system must be weighed against
the needs and public demands for patient privacy.

There are many theoretical benefits of syndromic surveil-
lance, including potential timeliness, increased response
capacity, ability to establish baseline disease burdens, and
ability to delineate the geographical reach of an outbreak.
However, in the absence of empirical evidence of its efficacy
to mitigate the effects of natural or intentional waterborne
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disease outbreaks through earlier detection and response,
syndromic surveillance should not be implemented at the
expense of traditional public health activities, and it should
not be relied upon as a principal waterborne disease outbreak
detection tool at this time. For waterborne diseases,
syndromic surveillance systems should continue to be
assessed and implemented as a supplemental system to help
develop better statistical methods and sensible alarm thresh-
olds that can be applied and evaluated in practice.
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Abstract

in the San Francisco Bay Area.

calculated.

Background: Water utilities continue to be interested in implementing syndromic surveillance for the enhanced
detection of waterborne disease outbreaks. The authors evaluated the ability of sales of over-the-counter diarrheal
remedies available from the National Retail Data Monitor to predict endemic and epidemic gastrointestinal disease

Methods: Time series models were fit to weekly diarrheal remedy sales and diarrheal illness case counts. Cross-
correlations between the pre-whitened residual series were calculated. Diarrheal remedy sales model residuals were
regressed on the number of weekly outbreaks and outbreak-associated cases. Diarrheal remedy sales models were
used to auto-forecast one week-ahead sales. The sensitivity and specificity of signals, generated by observed
diarrheal remedy sales exceeding the upper 95% forecast confidence interval, in predicting weekly outbreaks were

Results: No significant correlations were identified between weekly diarrheal remedy sales and diarrhea illness case
counts, outbreak counts, or the number of outbreak-associated cases. Signals generated by forecasting with the
diarrheal remedy sales model did not coincide with outbreak weeks more reliably than signals chosen randomly.

Conclusions: This work does not support the implementation of syndromic surveillance for gastrointestinal disease
with data available though the National Retail Data Monitor.

Background

Syndromic surveillance has received much attention as a
method for health departments to accelerate the detec-
tion of, the reaction to, or the confirmation of disease
outbreaks [1,2]. After the publication of reports suggest-
ing that monitoring over-the-counter drug sales might
have given advance notice of the 1993 outbreak of cryp-
tosporidiosis in Milwaukee [3-5], federal agencies began
to make explicit recommendations that water utilities
and health departments consider implementing over-
the-counter syndromic surveillance for enhanced water-
borne outbreak detection [6-8]. However, the ability of
over-the-counter syndromic surveillance to enhance the
detection of waterborne disease outbreaks has not been
adequately demonstrated [9].

* Correspondence: michelle kirian@sfdph.org

City and County of San Francisco. Department of Public Health,
Environmental Health. 1390 Market Street suite 910, San Francisco, California
94102, USA

( BioMVed Central

In the San Francisco Bay Area, drinking water is pro-
vided by the San Francisco Public Utilities Commission
(SFPUC) to 2.4 million customers in four counties. Sup-
ported by the SFPUC, the San Francisco Department of
Public Health’s Water Epidemiology Program maintains
regional, distribution system-wide cryptosporidiosis sur-
veillance. To clarify the validity and representativeness
of sales of over-the-counter diarrheal remedies available
through the National Retail Data Monitor (NRDM) for
prospective outbreak detection, we sought to determine
if these data are related to known outbreaks of infec-
tious gastrointestinal illness in the drinking water service
area [10].

Methods

County and state agencies receive reports of individual
gastrointestinal cases as well as infectious disease out-
breaks. Title 17 of the California Code of Regulations
mandates case reporting of specified diagnosed diseases

© 2010 Kirian and Weintraub; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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as well as outbreaks of any disease to local health
departments by health care providers [11]. Health
departments may also become aware of outbreaks
through follow-up with individual reported cases, citizen
complaints and other modes. The definition of an out-
break differs by disease but typically entails a group of
related cases for which a common source is identified or
suspected; outbreaks may include as few as two cases.

Reports of cases of gastrointestinal disease from 2001-
2007 among residents were requested from each of the
county health departments in the drinking water service
area. Data were transmitted in electronic formats from
three adjacent counties. Reports for each case included
etiology, date of report to the health department, gen-
der, age, city and county.

Electronic records of outbreak data for all three parti-
cipating counties were provided by the California
Department of Public Health which receives outbreak
reports following county and state health department
outbreak investigations. These data were combined and
reconciled with electronic records and records which
were manually extracted from paper files from two of
the participating county health departments. For each
outbreak, information on etiology, number of cases, date
of symptoms onset for the first and last cases, affected
counties, and whether the outbreak occurred in an insti-
tutional setting such as a nursing home was provided.
Outbreaks of reportable diseases as well as outbreaks of
diseases that are not reportable as listed in Title 17
were included. Individual cases reportable under Title
17 associated with any outbreak may be included in the
diarrhea case dataset; however, sufficient information
was not available to link the outbreak and case datasets.
The Committee on Human Research at the University
of California, San Francisco approved the study
protocol.

Over-the-counter drug sales records were purchased
from the NRDM [10]. Records for the years 2005-2007
were provided as an electronic file. Records for years
2003-2004 were downloaded using the NRDM web
interface. NRDM over-the-counter drug sales records
are divided into 18 categories based on common use,
form and whether intended for adult or pediatric popu-
lations. NRDM drug categories are: diarrhea remedies,
anti-fever adult, anti-fever pediatric, bronchial remedies,
baby/child electrolytes, chest rubs, cold relief adult
liquid, cold relief adult tablet, cold relief pediatric liquid,
cold relief pediatric tablet, cough syrup adult liquid,
cough adult tablet, cough syrup pediatric liquid, cough/
cold, hydrocortisones, nasal product internal, throat
lozenges, and thermometers. Sales are based on the
number of units sold regardless of the package size.
Daily total sales are available for both all units sold by
category and units sold by category excluding units for
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which discounts or other promotions were offered dur-
ing the reporting period. NRDM provides information
on the number of stores enrolled and reporting; from
2005 through 2007 approximately 47% of the stores
enrolled to report anti-diarrhea drug sales actually
reported (number of stores enrolled per week: 1389
-1706; number of stores reporting: 592-836).

Our analysis variable was the proportion of non-pro-
motional diarrhea remedy sales to sales of non-promo-
tional drugs for all categories combined (Diarrheal
Remedy Sales). Diarrheal remedies are products taken
for the relief of diarrhea and include bismuth, attapul-
gite, subsalicylate, and loperaminde hydrochloride pro-
ducts. Sales records of diarrheal remedies were available
for the entire study area from July 2003 through 2007.
Proportion sales were used instead of counts to control
for unknown confounders such as changes in store
hours.

Diarrheal Remedy Sales, and gastrointestinal case and
outbreak data were aggregated by week for analysis.
Diarrheal Remedy Sales were aggregated by week of
sale, cases by week of report to the health department
and outbreaks by week of onset of first outbreak-asso-
ciated case. Data were divided into three parts for
model building, model validation, and forecasting.

We used methods developed by Box and Jenkins to
build autoregressive integrated moving average
(ARIMA) models [12]. Estimates of model parameters
were obtained through the method of least squares. All
analyses were performed using SAS version 9.1 (SAS
Institute Inc., Cary, NC, USA). Using Proc ARIMA, fol-
lowing either pre-whitening or double pre-whitening,
Diarrheal Remedy Sales were cross correlated with the
number of diarrhea cases in the same week and with
weekly counts lagged one to 19 weeks before and after.

The relationship between Diarrheal Remedy Sales and
gastrointestinal outbreaks was examined graphically and
through regression. Because a 2006 report by Edge and
colleagues [13] suggested that over-the-counter drug
sales are sensitive to viral infection, specifically Noro-
virus, Diarrheal Remedy Sales were compared to out-
breaks of all etiologies combined and to outbreaks of
Norovirus alone. Furthermore, as institutionalized popu-
lations, such as those in a nursing home, may not pur-
chase drugs from over-the-counter drug vendors in the
same way as the non-institutionalized population, ana-
lyses were repeated excluding outbreaks that occurred
in an institutional setting. Diarrheal Remedy Sales uni-
variate model residuals were regressed on the number
of outbreaks and on outbreak-associated cases per week.

The univariate Diarrheal Remedy Sales ARIMA model
was used to auto-forecast sales for 105 weeks with
weekly model updating (one week ahead forecasting).
Signals were generated when actual observations
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exceeded the upper 95% confidence limit. An outbreak
week was any week when one or more outbreaks started
that week or prior to that week but ended that week or
later. Model sensitivity was calculated as the number of
outbreak weeks with a signal divided by the total num-
ber of outbreak weeks. Specificity was calculated as the
total number of weeks without a signal and no detected
outbreaks divided by the total number of weeks without
an outbreak. Calculations were done with all outbreaks
and repeated in subsets of only larger outbreaks with 50
or more or 100 or more cases. To evaluate if model
derived alerts identified outbreak weeks more reliably
than randomly chosen alerts, sensitivity and specificity
calculations were repeated for three sets of randomly
chosen dates.

Results

Diarrheal case data were fit with a first order autoregres-
sive model and Diarrheal Remedy Sales with an inte-
grated first order moving average model (Case ARIMA
(1,0,0): parameter estimate 0.33, T-ratio 3.09; Diarrheal
Remedy Sales ARIMA(0,1,1): 0.4, 4.42). Figure 1 presents
time series plots of the outbreak -associated gastrointest-
inal cases, individual gastrointestinal cases, Diarrheal
Remedy Sales and differenced Diarrheal Remedy Sales.

From July 2003 through December 2007, there were
233 gastrointestinal outbreaks (Table 1). Most reported
outbreaks were caused by Norovirus or by an unknown
etiology of which many were suspected of being Noro-
virus. More Norovirus outbreaks were reported in each
of 2006 and 2007 than previous years. Norovirus out-
breaks were also larger than outbreaks of other diseases
with a mean number of outbreak-associated cases of 30.
The largest outbreak was of Norovirus at 153 cases.
Thirty percent of outbreaks occurred in an institutional
setting.

In the forecasting period, January 1, 2006 to January 1,
2008, there were 154 outbreaks; 20 with 50 or more,
three of these with 100 or more cases. Table 2 lists
details for outbreaks with 50 or more cases. Table 1
provides the number and size of outbreaks by study
period.

From 2004 through 2007 there were 11,536 reported
gastrointestinal cases. The majority of cases were of
campylobacteriosis, cryptosporidiosis, salmonellosis,
giardiasis, shigellosis and amoebiasis (Table 1). More
cases were reported among children under 5 than for
any other age group; incidence of gastrointestinal illness
was similar across other ages. Sixty-one percent of cases
were male. Although we collected case data from 2001
through 2007, there were abrupt changes in reporting at
the start of 2004; review of the average number of cases
reported by day of the week and year showed consistent
lower overall reporting by day for 2004 through 2007 as
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compared to earlier data potentially indicating a change
in surveillance protocols. As these county level changes
persisted in aggregated regional data, the data were
restricted to 2004 and later for analysis.

From July 2003 through December 2007, the propor-
tion of diarrheal remedy sales to total drug sales ranged
from 0.016 to 0.083 with an average of 0.044 and stan-
dard deviation of 0.014. Sales of diarrhea remedies ran-
ged from 1216 to 3512 unit sales per week with an
average of 2435 and standard deviation 441.

No significant correlation at any lag was found
between Diarrheal Remedy Sales and diarrheal cases
(Figure 2). Furthermore, regression analysis of the Diar-
rheal Remedy Sales univariate model residuals did not
reveal an association between the weekly number of
outbreaks or outbreak-associated cases and Diarrheal
Remedy Sales when all outbreaks data were included or
when restricted to Norovirus and/or non-institutional
outbreaks.

Four signals were generated by the Diarrheal Remedy
Sales model (on the weeks of 6/11/06, 1/29/06, 10/15/
06 and 6/10/07). Four of the 20 outbreaks with 50 or
more and one of three with 100 or more cases started
during or lasted through a week with a signal. The two
outbreaks with 100 or more cases without signals were
both non-institutional Norovirus outbreaks with steep
epidemic curves. Sensitivity for all outbreaks and for
outbreaks with 50 or more or 100 or more cases was
low and specificity high (Table 3). The sensitivity and
specificity of the model was identical to a random
selection of three sets of four signals, further support-
ing the conclusion that any relationship between Diar-
rheal Remedy Sales and gastrointestinal illness is
spurious.

Discussion

NRDM Diarrheal Remedy Sales did not predict out-
breaks of gastrointestinal disease or correlate with indi-
vidual cases of diarrheal illness. Signals generated by the
Diarrheal Remedy Sales model did not coincide with
outbreak weeks more reliably than signals chosen
randomly.

To generate Diarrheal Remedy Sales signals we
employed ARIMA modeling and forecasting. Time series
modeling, including ARIMA, has a long history of use in
econometrics and statistical quality control [14,15].
More recently it has been adopted by public health
practitioners to model subjects such as influenza and
hospital admissions, weather and suicides, and gun bans
and homicides [16-18]. Time series modeling accounts
for autocorrelation, trend and seasonality which when
present in data can cause ordinary regression techniques
to present spurious variance estimates and incorrect
inference.
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Figure 1 Plots of Outbreak-Associated Gastrointestinal Cases, Individual Gastrointestinal Cases, Diarrheal Remedy Sales, and
Differenced Diarrheal Remedy Sales. Standardized weekly counts of gastrointestinal outbreak-associated cases, diarrheal illness case reports,
Diarrheal Remedy Sales and differenced Diarrheal Remedy Sales in three San Francisco Bay Area Counties from January 2004 to July 2005. All
data aggregated to the first Sunday of week. Diarrheal Remedy Sales are aggregated by week of sale, cases by week of report to the health
department and outbreak cases by week of onset of the first associated case. Vertical axes are measured in standard deviations.
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Table 1 Gastrointestinal Outbreak and Case Characteristics in the San Francisco Bay Area, July 2003 through

December 2007

N Outbreak-Associated Cases* N
Maximum Median Mean
All Disease Outbreaks 233 153 19 25 Case Etiology
Outbreaks of Reportable Diseases 31 65 12 16 campylobacteriosis 3316
Outbreaks of Not-Reportable Diseases 202 153 21 27 cryptosporidiosis 2210
Study Period salmonellosis 2187
Model (6/29/03 to 7/2/05) 71 110 15 23 giardiasis 1739
Validation (7/3/05 to 12/31/05) 11 26 14 13 shigellosis 1002
Forecasting (1/1/06 to 12/30/07) 154 153 21 27 amoebiasis 512
Outbreak Etiology hepatitis A 152
norovirus 144 153 24 30 Escherichia coli infection 151
unknown 41 80 18 21 vibriosis 118
salmonellosis 17 65 13 22 typhoid 62
Bacillus cereus /Clostridium 8 38 8 12 listeriosis 39
perfringens infection
Escherichia coli infection 4 18 " 1" yersiniosis 26
scombroid poisoning 3 7 5 5 legionellosis 17
bacterial toxin poisoning 3 22 4 10 ciguatera poisoning 5
chemical toxin poisoning 2 4 3 3
vibriosis 2 27 21 21
ciguatera poisoning 2 3 3 3
hepatitis A 1 2 2 2
trichinosis 1 2 2
cryptosporidiosis 1 16 16 16
yersiniosis 1 1 1 1
giardiasis 1 14 14 14
rotavirus 1 6 6 [§
campylobacter 1 3 3

*Number of cases not available for five outbreaks (3 salmonellosis, 2 norovirus) between January 1, 2006 and January 1, 2008.
1 Modeling period was shorter —Jan 4, 2004 to Jul 2, 2005- for Univariate Case Modeling and Cross Correlation Analysis.

o Outbreak and case data sets are not mutually exclusive or encompassing.

Over-The-Counter Anti-Diarrheal Drug Sales and
Surveillance:

In the aftermath of the 1993 Milwaukee waterborne
cryptosporidiosis outbreak in which thousands were
sickened it was reported that sales of over-the-counter
anti-diarrheal and anti-cramping drugs at one phar-
macy increased by a factor of 17 to 20 as compared to
the same period in the previous year [3]. This finding,
supported by similar anecdotal reports stimulated the
push for the implementation of waterborne disease
surveillance with over-the-counter drug sales [19].
However, a later review of the feasibility and timeliness
of surveillance data available during that outbreak—
water treatment plant effluent turbidity logs, clinical
laboratory diagnosis, nursing home diarrhea rates, hos-
pital emergency room logs, random digit dialing tele-
phone surveys, water utility complaint logs, school
absentee logs and sales of anti-diarrhea drugs—revealed
a poor response rate by pharmacies and a lack of time-
liness [5].

A subsequent retrospective analysis of anti-nauseants
and anti-diarrhea drug sales during waterborne out-
breaks of cryptosporidiosis (Battlefords, Saskatchewan),
and E. coli 0157:H7 infection and campylobacteriosis
(Walkerton, Ontario), found that increased over-the-
counter drug sales coincided with or lagged shortly
behind illness onset [4]. The authors concluded that
over-the-counter drug sales trends would provide a
more timely and sensitive tool than monitoring hospital
emergency department visits or traditional passive
laboratory based surveillance. Nonetheless, over-the-
counter drug sales data limitations were noted: data
from only one of three pharmacies in Battlefords and
one of six in Walkerton were available and formatted
appropriately for analysis.

Studies of the seasonality of over-the-counter drug
sales and diarrhea illness have also contributed evidence
supporting over-the-counter drug sales for enhanced
gastrointestinal surveillance. In an unidentified Canadian
providence, sales of anti-nauseant and anti-diarrhea
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Table 2 Gastrointestinal Outbreaks with 50 or More Cases in the San Francisco Bay Area, January 2006 through
December 2007

Etiology Cases First Onset Last Onset Institutional Over-the-Counter Drug ARIMA (0,1,1) Signal
Norovirus 101 1/25/06 Yes Yes
Unknown/Norovirus 60 4/18/06 No Yes
Unknown/Norovirus 62 4/24/06 Yes Yes
Norovirus 107 4/25/06 5/2/2006 No No
Unknown/Norovirus 55 4/26/06 No/Unknown Yes
Norovirus 50 5/8/06 Yes Yes
Norovirus 81 10/26/06 Yes No
Norovirus 86 11/23/06 Yes No
Norovirus 72 11/30/06 Yes No
Norovirus 63 11/30/06 Yes No
Unknown 80 12/7/06 Yes No
Unknown 61 12/7/06 No/Unknown No
Norovirus 76 1/3/07 Yes No
Norovirus 60 1/8/07 Yes No
Norovirus 92 7/13/07 7/17/07 No No
Norovirus 153 8/3/07 8/17/07 No/Unknown No
Norovirus 51 9/15/07 9/19/07 No/Unknown No
Norovirus 52 12/20/07 1/1/08 Yes No
Norovirus 52 12/22/07 Yes No
Norovirus 76 12/22/07 1/15/08 No/Unknown No

Abbreviations: ARIMA(0,1,1) First Order Integrated Moving Average

0.4
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|
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!
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Figure 2 Cross Correlations Between Diarrheal Remedy Sales and Diarrheal llinesses. Diarrheal Remedy Sales and diarrheal illness case
reports cross correlations at time lags from zero to 19 weeks. No significant correlations, bars exceeding the 95% confidence interval (shaded),
were found.
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Table 3 Sensitivity and Specificity of Diarrheal Remedy Sales Model-Generated and Randomly Selected Signals

All Outbreaks

Outbreaks with > 50 Cases Outbreaks with = 100 Cases

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
Over-the-counter drug IMA(1) Signal 4% (4/94) 100% (11/11) 4% (1/26) 97% (76/79) 14% (1/7) 97% (95/98)
(6/11/06, 1/29/06, 10/15/06, 6/10/07)*
Random Signals 1 4% (4/94) 100% (11/11) 8% (2/26) 97% (77/79) 14% (1/7) 97% (95/98)
(1/29/06, 6/11/06, 9/9/07, 2/18/07)*
Random Signals 2 3% (3/94) 91% (10/11) 4% (1/26) 97% (76/79) 0% (0/7) 96% (94/98)
(2/12/06, 7/9/06, 12/3/06, 9/23/07)*
Random Signals 3 3% (3/94) 100%(11/11) 4% (1/26) 97% (77/79) 0% (0/7) 97% (95/98)

(5/21/06, 1/3/07, 9/16/07, 12/9/07)*

* First day of week for each model generated and randomly generated signal.

over-the-counter drugs from one major retailer with 19
locations, accounting for only 12% of all pharmacies in
the region, had similar seasonal temporality with
reported Norovirus infections [13]. However, over-the-
counter drug sales did not coincide with diarrhea due to
other etiologies specifically bacterial or parasitic which
are more prevalent during summer months. Similarly,
electrolyte sales followed the same seasonal pattern as
hospitalizations for selected pediatric diarrheal illness
(Rotavirus and intestinal infections due to organisms
not elsewhere classified (ICD9 008.61)) when combined
with pediatric respiratory illnesses (Pneumonia, bronch-
opneumonia, influenza, bronchiolitis, respiratory syncy-
tial virus) [20]. This study included very few diarrhea
illness etiologies and the number of cases of each illness
are not presented; the incidence of respiratory illnesses,
especially seasonal influenza, is likely to greatly exceed
that of diarrheal illnesses therefore obscuring the rela-
tionship between over-the-counter drug sales and diar-
rhea illness. The authors acknowledged that it is not
possible to rule out a coincidental relationship which is
driven by other phenomena.

Local and state health departments have implemented
syndromic surveillance systems with over-the-counter
anti-diarrhea drug sales monitoring components but few
retrospective studies and no successful reports from
ongoing surveillance projects are published [3,21,22].
Only one report, now antiquated, presents the progress
of a functioning over-the-counter anti-diarrhea drug
sales monitoring program. Similar to our results, Das et
al (2005) reported that they had found no consistent
relationship between over-the-counter anti-diarrhea
drug sales and emergency department visits for gastroin-
testinal illness in New York City [22]. And, despite
its availability nationwide for more than six years,
no publications evaluate surveillance with NRDM over--
the-counter diarrheal remedy drug sales in practice. One
retrospective study presented graphs demonstrating the
similar temporality of analgesic, anti-fever, anti-diarrhea
and cough, and cold drugs combined and calls to the
poison control center in 2003 [23]. Although our

literature review did identify a number of reports sug-
gesting that syndromic surveillance with over-the-coun-
ter anti-diarrheal drug sales could enhance traditional
disease control activities, the widespread adoption of
syndromic surveillance systems and the paucity of pub-
lished reports on over-the-counter drug sales monitor-
ing systems, and NRDM specifically, suggest publication
bias may be present.

Limitations
Our study had several limitations. First, there were no
large regional outbreaks in our dataset and the high data
variability of diarrhea remedy sales may make it difficult
to discern changes resultant from relatively small
increases in illness. Although we do not believe that indi-
vidual early health seeking behavior such as over-the-
counter drug purchases would be different when an indi-
vidual’s illness is part of an undetected larger outbreak,
in a large outbreak the number of people pursuing over-
the-counter remedies might produce a signal that is sig-
nificantly above the noise in the baseline.
Over-the-counter drug sales records as provided by
the NRDM have several limitations. The usability of
these data could be improved if participation by enrolled
stores was increased or if meta-information on partici-
pating stores such as market coverage and on the drugs
included in each category were made available. While
we did not find any association between gastrointestinal
disease and purchases of diarrheal remedies in general,
it is possible that one product or a subset of products
included in this category might have coincided with
known disease. Furthermore, our study was not able to
assess whether improvements in over-the-counter drug
sales reporting systems might enhance the performance
of this type of syndromic surveillance. The use of over-
the-counter drugs sales for surveillance may be prohibi-
tive due to the cost and logistics of data collection, or
the proprietary and secret nature of the data [3].
County-by-county differences in disease reporting, and
aggregations of diseases with varying severities may have
masked finding a true association. These aggregations
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could also have covered up localized Diarrheal Remedy
Sales fluctuations resultant from isolated outbreaks. We
therefore cannot rule out that county specific syndromic
surveillance may be more sensitive than the region-wide
surveillance examined in this analysis.

While studies show that over-the-counter drugs are
the first option for many, health seeking behavior varies
by factors including age, gender and culture [24-32].
One study examined healthcare-seeking behavior in
response to diarrheal illness specifically. This survey of
351 adults reporting acute gastroenteritis (diarrhea,
vomiting or both) found significant differences between
those who use over-the-counter drugs and those who do
not [24]. Although care should be exercised in applying
these findings from Canada to the US as each have dis-
tinct health care systems, the lack of correlation that we
found in our study between Diarrheal Remedy Sales and
diarrheal cases could indicate that these data sources
measure the occurrence of diarrhea in different popula-
tions. Similarly, high population mobility may increase
the chances that Diarrheal Remedy Sales and cases are
not both included in the region of study and that
dispersed outbreaks may not be detected [33].

Conclusions

This study did not support the implementation of syn-
dromic surveillance with National Retail Data Monitor
Diarrheal Remedy Sales for enhanced gastrointestinal
outbreak detection of waterborne or other origins. How-
ever, we cannot exclude the possibility that NRDM data
maybe useful for detecting larger outbreaks.

A secondary finding of the study was of the increasing
role of Norovirus in disease outbreaks in our region.
From 2004 through 2006 approximately 56% of all out-
breaks were due to Norovirus infection, 15% of these
occurred in institutional settings. In 2007 the proportion
attributable to Norovirus rose to 73%; 65% of outbreaks
in 2007 were institutional. The increased incidence of
outbreaks due to Norovirus may be attributable to
enhanced detection or reporting; however, similar
increases were noted in North Carolina, New York and
Wisconsin [34]. Especially given the proven effectiveness
of existing programs [35], public health departments
must carefully evaluate the efficacy and added worth of
surveillance systems to avoid the possibility that
increased funding for programs such as syndromic sur-
veillance are not accompanied by cutbacks in funding
for programs such as institutional Norovirus prevention,
resulting in a net increase in overall morbidity [36].

Abbreviations

The following abbreviations are used: Autoregressive Integrated Moving
Average (ARIMA), National Retail Data Monitor (NRDM), and San Francisco
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MICHELLE L. KIRIAN AND JUNE M. WEINTRAUB

Is syndromic surveillance of OTC drug
sales effective in detecting outbreaks
of waterborne Gl disease?

e etection of waterborne disease is a basic concern of every pro-
Tﬂ . vider of drinking water. Although routine water quality testing
IFl .'u proviFles one means of verifying water quality, publi.c health
il ) surveillance serves another potentially important role in ensur-
y - ing safe drinking water. The water quality investigation in the
ANEVALUATIONOFTHEABILTY 1993 cryptosporidiosis outbreak in Milwaukee, Wis., was initially prompted
by reports of widespread work and school absenteeism (MacKenzie et al,
OF SALES OF OVER-THE-COUNTER  1995), That same year an investigation into the cause of several confirmed
DIARRHEAL REMEDIES TOPREDICT ~ cases of Salmonella typhimurium led to the discovery of a contaminated

municipal water supply in Gideon, Mo. (Angulo et al, 1997).
RCENRC AT ERIEN, Traditional public health surveillance relies on case reporting by health
GASTROINTESTINAL DISEASEFOUND  professionals, doctors, and clinical laboratories. Each state mandates that
NO SIGNIFICANT CORRELATIONS ~ cases of particular diseases be reported to local and/or state health depart-
ments so that disease trends can be followed and outbreaks identified early.
PETNEERIHCF BEREIORNES In California, Title 17 of the California Code of Regulations lists more than
ANDDIARRHEALCASES g0 diseases and conditions that must be reported to the local health depart-
OROUTBREAKCOUNTS.  ment where the case resides (CCR, 2009). Local health departments investi-

gate the causes of disease and implement control measures.

Days, weeks, or even months may pass from the time an individual begins
experiencing symptoms of disease to the time he or she goes to a clinic or
doctor’s office, and even more time may pass before a clinician may order
diagnostic tests and report any laboratory-confirmed diagnosis to the health
department. Because traditional disease surveillance is passive, relying on
medical professionals to report cases as they occur, case reporting can be
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slow and incomplete. Active surveil-
lance, which includes automated
laboratory reporting and routine
contact with health care providers,
can increase the completeness of
case reporting and minimize the
time lapse between a patient’s visit
to a doctor and notification of pub-
lic health authorities of the con-
firmed illness (Buehler et al, 2009;
Chretien et al, 2009).

Syndromic surveillance is a tool
for outbreak detection that seeks to
further reduce the time between the
start of an individual’s symptoms to
the identification of a potential dis-
ease outbreak and initiation of an
investigation into causes. Syndromic

surveillance requires monitoring of
behavioral patterns, symptoms,
signs, or laboratory findings that
precede diagnosis and correlate with
illness in the population to a suffi-
cient degree as to warrant action to
protect the public health (Mandl et
al, 2004). For waterborne disease,
syndromic surveillance may use met-
rics that illustrate behavior changes
that may occur before a sick indi-
vidual visits a doctor, such as school
and work absenteeism, water quality
complaints, or sales of over-the-
counter (OTC) drugs. Syndromic
surveillance can also include mea-
sures of illness that may occur before
an individual is actually diagnosed

with a particular disease by a clini-
cian, such as emergency room visits
or calls to nurse or poison control
hotlines (Berger et al, 2006).

The ability to implement a syn-
dromic surveillance system depends
on the existence or development of a
means to collect, format, and ana-
lyze useful data (Rodman et al,
1997). OTC drug sales records are
already available through the
National Retail Data Monitor
(NRDM), and for many jurisdic-
tions, they represent an easily imple-
mented source of syndromic surveil-
lance data (NRDM, 2007; Berger et
al, 2006). Although the use of syn-
dromic surveillance is well-justified

Public Health Surveillance Data Sources

64

For many years, efforts to get an early handle on
gastrointestinal (Gl) disease outbreaks have relied on
traditional surveillance methods to track outbreaks and
cases and determine epidemiology Advances in computer
technologies and the growth of the Internet have led to the
development of syndromic surveillance, which uses
different types of data and various metrics for early de-
tection of disease outhreaks. The following sections
describe the types of reporting and data used by the two
public health surveillance methods; this information has
been adapted from a report by Berger and colleagues (2006)
that provided a comparison of traditional surveillance and
syndromic surveillance.

TRADITIONAL SURVEILLANCE RELIES
ON REPORTING BY HEALTH PROFESSIONALS

Health professionals provide confirmed case reports. In
traditional surveillance, doctors, laboratories, and other
health professionals send reports on individual cases with
clinical or laboratory diagnosis to the local health
department. Reports include patient contactinformation and
diagnosis details. Traditional surveillance does have its
limitations, however. Generally, if no definitive diagnosis is
made, a report is not sent, which may obscure the true
number of cases. Furthermore, significant delays may occur
between diagnosis and reporting. Traditional passive
disease reporting may be enhanced with routine contact

with medical professionals, active surveillance, or auto-
mated laboratory reporting.

SYNDROMIC SURVEILLANCE OBTAINS DATA
FROM A VARIETY OF SOURCES

Over-the-counter (0TC) drug sales offer data that are
timely but of indeterminate quality. OTC drug sales are
available for purchase from the National Retail Data
Monitor; data are available electronically within 24 hours
of sales (NRDM, 2007). However, data are limited to total
counts for predesigned categories of medications, and
the market coverage of participating pharmacies is
unknown and inconsistent. A moderate time commitment
is required by health departments to develop models and
follow up on signals. Anecdotal evidence supports the
use of syndromic surveillance with drug sales, but low
data quality and irregular patterns of self-medication may
limit its true applicability.

Utility complaint call records may require data formatting
but can have unexpected bhenefits. Water utilities are
required to maintain customer complaint logs; however, use
of these call records for surveillance may necessitate
additional work to format the data. On the plus side,
complaint logs may include personal identifiers, which are
of use in signal investigations. An added advantage of
implementation is that it may lead to enhanced relationships
between utilities and health departments.
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theoretically, there is a paucity of
empirical evidence as to its efficacy
for detection and early intervention
for waterborne disease outbreaks.

METHODOLOGY EXPLAINED

Study focused on outbreaks in the San
Francisco Bay area in California. The
investigation described here explored
the ability of OTC drug sales to pre-
dict gastrointestinal (GI) disease in the
San Francisco Bay area. Because there
were no known disease outbreaks in
the region linked to drinking water
contamination, this investigation
included GI disease outbreaks from
other and unknown causes. If a rela-
tionship were found between sales of

OTC drugs and occurrence of any GI
disease in the region, this might sug-
gest that these data could be of use in
predicting waterborne disease out-
breaks more specifically. A lack of
relationship between sales and disease
would add important evidence to the
body of literature on the efficacy of
using surveillance systems that
include these data.

The San Francisco Public Utilities
Commission (SFPUC) provides an
average of 240 mgd (910 ML/d) of
water to approximately 2.4 million
residents in the San Francisco Bay
area. Surface water makes up 100%
of the water supply. Although two
filtration treatment plants treat

water from local reservoirs, more
than 80% of the water comes from
the Hetch Hetchy Reservoir, 160
miles east of the city in the Sierra
mountains. The water from this pro-
tected source is unfiltered. To ensure
public health protection and to com-
ply with the filtration waiver from
the US Environmental Protection
Agency, SFPUC funds systemwide
cryptosporidiosis surveillance coor-
dinated by the San Francisco Depart-
ment of Public Health. '
Cases and outhreak data included
etiology, gender and age, and date of
onset of symptoms. A case is an indi-
vidual instance of disease, whereas
an outbreak is a collection of related

Calls to nurse triage hotlines have been proposed as a
potential source of surveillance data. One study found that
nurse triage notes predicted outpatient visits by syndrome
category with 72% sensitivity, 96% specificity, and a positive
predictive value of 37% (Henry et al, 2004). Data from nurse
call lines provide a benefit because they include personal
identifying information that can be used to acquire additional
information during outbreak investigations. As of this
writing, the setup and maintenance of a surveillance system
using nurse call logs are likely to be difficult, and clear
benefit has yet to be demonstrated. However, modern
electronic medical record systems and federal programs
promoting the use of electronic health data to protect the
public’s health may facilitate surveillance with data
originating in hospitals and medical offices when such a
system is fully implemented (USDHHS, 2010).

School/work absenteeism records have demonstrated
only limited use. School absenteeism was used to identify
outbreaks of influenza during the 2009 flu season in Florida
{Mann et al, 2011). However, limitations of the system
include an inability to capture the reasons for absenteeism
and incomplete coverage because only public schools
are included. Furthermore, significant lags in data
reporting may result from manual entry of data by public
school administrators. As for work absenteeism,
collection of these data is likely to be difficult and time-
consuming because of the number and types of work-
places and the lack of a central reporting system.

Emergency department chief-complaint data are likely the
most implemented and studied of the syndromic data
sources. New York City has one of the longest operating
systems of emergency department chief complaints, but the
usefulness of this data source remains unproven. According
to a 2009 report, a simulation drill with 42 patients designed
to test the city’s chief-complaint surveillance system failed to
signal an alert for febrile respiratory iliness (Wallace et al,
2009). An earlier study evaluating the same system found
surveillance was not useful for detecting localized GI
outbreaks (Balter et al, 2005). Syndromic surveillance with
emergency department complaints proved most effective in
detecting and monitoring annual citywide outbreaks of
norovirus, rotavirus, and influenza. As with calls to nurse

triage hotlines, full implementation of electronic medical’

record systems and federal programs to promote use of these
data to protect public health should increase their utility.
Use of poison control center data has not been fully
explored. The applicability of poison control calls for public
health surveillance has not been thoroughly tested although
some capacities have been incorporated by public health
systems (Sutter et al, 2010). One poison control center
reported the identification of a foodborne botulism outbreak
with three cases (Brown et al, 2010). However, a study found
that calls reporting Gl symptoms to poison control centers
did not coincide with cases of Gl illness reported to the
health department, which suggests that these data sources
represented different populations (Derby et al, 2005).
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cases for which a common source is
identified or suspected. An outbreak
may comprise as few as two cases.
Case and outbreak data are neither
mutually exclusive nor completely
overlapping; not all cases are part
of an outbreak, and not all out-
breaks include cases that are
reported individually.

For this study, cases of GI disease
that occurred among residents of
three counties served by the SFPUC
were obtained from each of the
respective county health departments
in the drinking water service area.
Reports for each case included etiol-
ogy, date of report to the health

department, gender, age, city, and
county. Qutbreak data for all three
participating counties were provided
by the California Department of Pub-
lic Health. For each outbreak, infor-
mation was provided on etiology,
number of cases, date of onset of
symptoms for the first and last cases,
affected counties, and whether the
outbreak occurred in an institutional
setting such as a nursing home. The
Committee on Human Research at
the University of California, San Fran-
cisco, approved the study protocol.
Records of OTC sales of diarrheal
remedies were obtained. Records of
OTC drug sales were purchased from

the NRDM (2007). Records for the
years 2003-04 were downloaded
using the NRDM web interface;
records for the years 2005-07 were
provided as an electronic file. NRDM
OTC drug sales records are divided
into categories based on the drug’s
common use and form and whether
the drug is intended for adult or pedi-
atric populations. The 18 categories
are antidiarrheal, antifever adult,
antifever pediatric, bronchial reme-
dies, chest rubs, cold-relief adult liq-
uid, cold-relief adult tablet, cold-relief
pediatric liquid, cold-relief pediatric
tablet, cough-adult tablet, cough-
syrup adult liquid, cough syrup pedi-

TABLE 1  Gastrointestinal outbreak and case characteristics in the San Francisco Bay area, July 2003 through
December 2007
Outbreak-associated Cases*
Parameter n Maximum Medlan Mean Parameter n
All disease outbreaks 233 153 19 25 Case etiology
Outbreaks of reportable diseases 31 65 12 16 Campylobacteriosis 3,316
Outbreaks of not-reportable diseases 202 153 21 27 Cryptosporidiosis 2,210
Study period Salmonellosis 2,187
Model (06/29/03 to 07/02/05)t 71 110 15 23 Giardiasis 1,739
Validation (07/03/05 to 12/31/05) 11 26 14 13 Shigellosis 1,002
Forecasting (01/01/06 to 12/30/07) 154 153 21 27 Amoebiasis 512
Qutbreak etiology Hepatitis A 152
Norovirus 144 153 24 30 Escherichia coli infection 151
Unknown 41 80 18 21 Vibriosis 118
Salmonellosis 17 65 13 22 Typhoid 62
Bacillus cereus/Clostridium 8 38 8 12 Listeriosis 39
perfringens infection
Escherichia coli infection 4 18 11 11 Yersiniosis 26
Scombroid poisoning 3 7 5 5 Legionellosis 17
Bacterial toxin poisoning 3 22 4 10 Ciguatera poisoning 5
Chemical toxin poisoning 2 4 3 3
Vibriosis 2 27 21 21
Ciguatera poisoning 2 3 3 3
Hepatitis A 1 2 2 2
Trichinosis 1 2 2
Cryptosporidiosis 1 16 16 16
Yersiniosis 1 1 1 1
Giardiasis 1 14 14 14
Rotavirus 1 6 6
Campylobacteriosis 1 3
n—number
*Number of cases not available for five llosis, two norovirus) between Jan. 1, 2006, and Jan. 1, 2008

(three
1Modeling period was shorter (Jan. 4, 2004, to July 2, 2005) for univariate case-modeling and cross—correlaﬁon ana.lysis

Outbreak and case data sets are not mutually exclusive or encompassing.
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atric liquid, cough/cold, electrolytes
pediatric, hydrocortisones, nasal
product internal, thermometers, and
throat lozenges.

Antidiarrheal remedies are de-
fined as products that are taken for
the relief of diarrhea and include
bismuth, attapulgite, subsalicylate,
and loperamide hydrochloride
products. Sales are based on the
number of units sold, regardless of
the package size. Daily total sales
are available for all units sold by
category as well as units sold by
category excluding units for which
discounts or other promotions were
offered during the reporting period.
NRDM also provides information
on the number of stores enrolled
and reporting. From 2005 through
2007, approximately 47% of the
stores enrolled to report antidiar-
rheal drug sales actually reported
sales data (number of stores en-
rolled per week = 1,389-1,706;

number of stores reporting per
week = 592-836).

Statistical analysis incorporated
time-series modeling. The analy-
sis variable was the proportion of
nonpromotional diarrheal remedy
sales to sales of nonpromotional
drugs for all categories combined
(diarrheal remedy sales). Analyz-
ing the proportion of sales rather
than counts provided some con-
trol for secondary factors—such
as changes in store hours—that
could have contributed to changes
in consumer purchasing.

Diarrheal remedy sales were
aggregated by week of sale, cases by
week of report to the health depart-
ment, and outbreaks by week of
onset of first outbreak-associated
case. Data were divided into three
parts: model building, model vali-
dation, and forecasting. The rela-
tionship between diarrheal remedy
sales and GI outbreaks was exam-

ined graphically, through regression
and through additional techniques
(Kirian & Weintraub, 2010). Meth-
ods developed by other researchers
were used to build autoregressive
integrated moving average models
of sales and individual case counts
(Box & Jenkins, 1976). This type of
time-series modeling has a long his-
tory of use in econometrics and sta-
tistical quality control (Montgom-
ery, 2009; Hanssens, 1980). More
recently, it has been adopted by
public health practitioners to model
subjects such as influenza and hos-
pital admissions, weather and sui-
cides, and gun bans and homicides
(Ajdacic-Gross et al, 2007; Webster
et al, 2002; Upshur et al, 1999).
Time-series modeling accounts for
autocorrelation, trend, and season-
ality, which, when present in data,
can cause ordinary regression tech-
niques to present spurious variance
estimates and incorrect inference.

TABLE 2  Gastrointestinal outbreaks with 50 or more cases in the San Francisco Bay area in California, January 2006
through December 2007
Cases Date of First Date of Last OTC Drug ARIMA
Etlology n Onset Onset Institutional (0,1,1) Signal
Norovirus 101 01/25/06 NA Yes Yes
Unknown/norovirus* 60 04/18/06 NA No Yes
Unknown/norovirus 62 04/24/06 NA Yes Yes
Norovirus 107 04/25/06 05/02/2006 No No
Unknown/norovitus 55 04/26/06 NA Unknown Yes
Norovirus 50 05/08/06 NA Yes Yes
Norovirus 81 10/26/06 NA Yes No
Norovirus 86 11/23/06 NA Yes No
Norovirus 72 11/30/06 NA Yes No
Norovirus 63 11/30/06 NA Yes No
Unknown 80 12/07/06 NA Yes No
Unknown 61 12/07/06 NA Unknown No
Norovirus 76 01/03/07 NA Yes No
Norovirus 60 01/08/07 NA Yes No
Norovirus 92 07/13/07 07/17/07 No No
Norovirus 153 08/03/07 08/17/07 Unknown No
Norovirus 51 09/15/07 09/19/07 Unknown No
Norovirus 52 12/20/07 01/01/08 Yes No
Norovirus 52 12/22/07 NA Yes No
Norovirus 76 12/22/07 01/15/08 Unknown No
ARIMA (0,1,1)—first-order integrated moving average, n—number, NA—not available, OTC—over-the-counter
*Etiology was not conclusively determined but was suspected to be norovirus.
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FIGURE 1
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the haalth deoartment. and outbreak cases bv week of onset of the first associated cess. Vertical axes ara measured in standard deviations.

RESULTS HELPED ASCERTAIN
PREDICTIVE ACCURACY

Most reported outhreaks were
caused by norovirus. From July 2003
through December 2007, 233 GI
outbreaks occurred in the study
area; Table 1 provides the number
and size of outbreaks by study
period. Norovirus was identified as
the cause of most reported outbreaks
and was suspected to have caused
most of the outbreaks with unknown
etiology. The largest outbreak during
this period was of norovirus at 153
cases. Of these outbreaks, 30%
occurred in an institutional setting
such as a nursing home. In the fore-
casting period from Jan. 1, 2006, to
Jan. 1, 2008, in which sales data
were used to predict outbreaks, there
were 154 outbreaks, Of these, 20

outbreaks recorded 50 or more cases
and 3 of the 20 outbreaks had 100
or more cases; ITable 2 provides
details for outbreaks with 50 or
more cases.

During the study period of July
2003 through December 2007,
11,536 individual GI cases were
reported. The majority of cases were
of campylobacteriosis, cryptospo-
ridiosis, salmonellosis, giardiasis,
shigellosis, and amoebiasis (Table 1).
More cases were reported among
children younger than age five than
for any other age group; incidence of
GI illness was similar across other
ages. Of the cases reported, 61% of
individuals afflicted were male.

Diarrheal remedy sales analyzed in
proportion to drug sales. The propor-
tion of diarrheal remedy sales to
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total drug sales ranged from 0.016
to 0.083 with an average of 0,044
and standard deviation of 0,014,
Sales of diarrheal remedies ranged
from 1,216 to 3,512 unit sales per
week with an average of 2,435 and
standard deviation of 441.

Analysis showed no significant cor-
relation between sales and diarrheal
cases. No significant correlation was
found between sales in a particular
week and occurrence of diarrheal
cases in the same week; lags of up
to 19 weeks between sales and cases
were also investigated, and no signifi-
cant correlations were found (Figures
1 and 2). Figure 2 shows time-series
plots of the outbreak-associated GI
cases, individual GI cases, diarrheal
remedy sales, and differenced diar-
rheal remedy sales. Furthermore,




regression analysis of the diarrheal

remedy sales univariate model resid- FIGURE2 Cross correlations between diarrheal remedy sales and diarrheal
uals did not show an association illnesses
between the weekly number of out- &

breaks or outbreak-associated cases
and diarrheal remedy sales when
all outbreaks data were included or
when restricted to norovirus and/or
noninstitutional outbreaks.

During the forecasting period,
four signals were generated by the
diarrheal remedy sales model, indi-
cating a statistically significant
increase in sales. The signals oc-
curred during the weeks of Jan. 29,
June 11, and Oct. 15, 2006, and
June 10, 2007 (Figure 3). Although
some of the outbreaks occurred dur-
ing or lasted through these weeks,
most did not. Of the 20 outbreaks
with 50 or more cases, 4 occurred
during a signal. Of the three out-
breaks with 100 or more cases, one
occurred during a signal week; the
other two large outbreaks were both
norovirus outbreaks that occurred
outside of institutional settings.

Model did not confirm predictive
abilities of sales. Sensitivity and spec-
ificity were calculated as a measure

of predictive accuracy. Sensitivity

was calculated as the number of out-
break weeks with a signal divided by
the total number of outbreak weeks;
specificity was calculated as the total
number of weeks without a signal
and no detected outbreaks divided

Cross Correlations

-3

0 3 7 11 15 19

Time Lag—weeks

Diarrheal remedy sales and diarrheal liiness case reports cross correlstions are shown
at time lags from zero to 19 weeks. No significant correlations (indicated by bars exceeding
the shaded 95% confidence Interval} were found.

by the total number of weeks with-
out an outbreak. As shown in Table
3, sensitivity was low, and specificity
was high. The sensitivity and speci-
ficity of the model were identical to
a random selection of three sets of
four signals, further supporting the
conclusion that any relationship
between diarrheal remedy sales and

GI illness is spurious.

IMPLEMENTATION
OF SYNDROMIC SURVEILLANCE
MAY BE UNSUPPORTED

In the current study, NRDM diar-
rheal remedy sales did not predict

outbreaks of GI disease or correlate
with individual cases of diarrheal
illness. Signals generated by the
diarrheal remedy sales model did
not coincide with outbreak weeks
more reliably than signals chosen
randomly.

Review of the literature uncovers
limitations. This authors’ finding of no
association was consistent with much
previous work. Most studies that
have examined relationships between
outbreaks and OTC drug sales have
been forthcoming about the limita-
tions of the study designs and advised
caution when using their conclusions

TABLE 3  Sensitivity and specificity of diarrheal remedy sales model-generated and randomly selected signals
All Qutbreaks Outbreaks With = 50 Cases | Outbreaks With = 100 Cases
Signal Sensitivity Specificity Sensitivity Specificity Sensitivity Spedficity
OTC drug IMA (1) signal (06/11/06, 4% (4/94) | 100% (11/11) 4% (1/26) 97% (76/79) 14% (1/7) 97% (95/98)
01/29/06, 10/15/06, 06/10/07)*
Random signals 1 (01/29/06, 06/11/06,| 4% (4/94) | 100% (11/11) 8% (2/26) 97% (77/79) 14% (1/7) 97% (95/98)
09/09/07, 02/18/07)*
Random signals 2 (02/12/06, 07/09/06,| 3% (3/94) | 91% (10/11) 4% (1/26) 97% (76/79) 0% (0/7) 96% (94/98)
12/03/06, 09/23/07)*
Random signals 3 (05/21/06, 01/03/07,| 3% (3/94) | 1009 (11/11) 49% (1/26) 97% (77/79) 0% (0/7) 97% (95/98)
09/16/07, 12/09/07)*
IMA—integrated ring age, OTC—aver-the-counter
*First day of week for each model-g ted and randomly generated signal
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to support policy. For example, in the
aftermath of the 1993 Milwaukee
waterborne cryptosporidiosis out-
break in which thousands were sick-
ened, it was reported that sales of
OTC antidiarrheal and anticramping
drugs at one pharmacy increased by
a factor of 17 to 20 compared with
the same period in the previous year
(Rodman et al, 1997). This finding,
supported by similar anecdotal
reports stimulated the push for the
implementation of waterborne dis-
ease surveillance with OTC drug sales
(USEPA, 2005; NDWAC, 1999;
CDC, 1997). However, Proctor and
co-workers (1998) reviewed the fea-

sibility and timeliness of surveillance
data available during that outbreak,
including water treatment plant efflu-
ent turbidity logs, clinical laboratory
diagnoses, nursing home diarrheal
rates, hospital emergency room logs,
random digit dialing telephone sur-
veys, water utility complaint logs,
school absentee logs, and sales of
antidiarrheal drugs. They found that
the surveillance data showed a poor
response rate by pharmacies and a
lack of timeliness. The study con-
cluded that because “. . . no single set
of recommended surveillances will be
applicable to all communities, a
combination of surveillance options

should be developed locally drawing
on existing disease surveillance
methods . . .” (Proctor et al, 1998).
A subsequent retrospective analysis
of antinauseants and antidiarrheal
drug sales during waterborne out-
breaks of cryptosporidiosis (Battle-
fords, Sask.) and Escherichia coli
0157:H7 infection and campylobac-
teriosis (Walkerton, Ont.) found that
increased OTC drug sales coincided
with or lagged shortly behind illness
onset (Edge et al, 2004). The authors
concluded that OTC drug sales trends
would provide a more timely and sen-
sitive tool than monitoring of hospi-
tal emergency room visits or tradi-

FIGURE 3 Actual and forecast diarrheal remedy sales

~— Diarrheal remedy sales

—— Forecast diarrheal remedy sales

==== Upper 95% confldence limit
% Signal week

0.10

0.09

0.07

Forecast Sales

0.05

0.04 -

0.02 -

0.01

0.00

03/01/06
04/01/06
05/01/06 —
06/01/06
07/01/06

g
3

01/01/06

08/01/06 -

03/01/07 —
04/01/07 =

01/01/07
02/01/07 —

11/01/06 —
12/01/06 -

08/01/06
10/01/06

Date of Sales

05/01/07 -

08/01/07
09/01/07 —
10/01/07
11/01/07
12/01/07

06/01/07 -
07/01/07 —

Figure shows weekdy counts of diarrheal remedy sales and forecast diarrheal remedy sales from January 2006 through December 2007.
Red diamonds Indicate weeks when actual disrrheal remedy sales exceeded the forecast upper 95% confidence interval.

0

AUGUST 2011 | JOURNAL AWWA « 103:8 | PEER-REVIEWED | KIRIAN & WEINTRAUB

2011 ©® American Water Works Assoclation




tional passive laboratory-based
surveillance. Nonetheless, the limita-
tions of OTC drug sales data were
noted; data from only one of three
pharmacies in Battlefords and one of
six in Walkerton were available and
formatted appropriately for analysis.
Low participation was also noted in
a later report comparing drug sales
and norovirus temporality; only 12%
of pharmacies participated in surveil-
lance (Edge et al, 2006).

Local and state health depart-
ments have implemented syndromic
surveillance systems with OTC
antidiarrheal drug sales monitoring
components, but few retrospective
studies and no successful reports
from ongoing surveillance projects
have been published (Uscher-Pines et
al, 2009; Leach, 2007; Das et al,
2005; Rodman et al, 1997). Only
one report, now antiquated, presents
the progress of a functioning OTC
antidiarrheal drug sales monitoring
program (Das et al, 2005). The
researchers reported that from Aug.
1, 2002, through Mar. 31, 2005,
they had found no consistent rela-
tionship between OTC antidiarrheal
drug sales and emergency room visits
for Gl illness in New York City.

Furthermore, no publications have
evaluated surveillance with NRDM
OTC diarrheal remedy drug sales in
practice, even though these records
have been available nationwide for
more than six years. One retrospec-
tive study presented graphs demon-
strating the similar temporality of
analgesic, antifever, antidiarrheal, and
cough and cold drugs combined and
calls to the poison control center in
2003 (Krenzelok et al, 2008).
Although the literature review con-
ducted in the current research did
identify a number of reports suggest-
ing that syndromic surveillance with
OTC antidiarrheal drug sales could
enhance traditional disease control
activities, the widespread adoption of
syndromic surveillance systems and
the paucity of published reports on
OTC drug sales monitoring systems—
and NRDM specifically—suggest
publication bias may be present. Pub-

lication bias would affect the number
of published reports if these types of
surveillance are not detecting verifi-
able outbreaks and operators are not
motivated to document null results.

Current study also had limitations.
One limitation of this study was that
the data set did not include any large
regional outbreaks. In a large out-
break, the number of people pursu-
ing OTC remedies might produce a
signal that is significantly above the
noise in the baseline. The high data
variability of diarrheal remedy sales
may make it difficult to discern
changes resulting from relatively
small increases in illness. Although
the current study lacked sufficient
power to test for large and small out-
breaks alike, the findings are unlikely
to be biased with regard to outbreak
size because there is no reason to
believe that individual early health-
seeking behavior (such as OTC drug
purchases) would be different when
an individual’s illness is part of an
undetected larger outbreak.

OTC drug sales records, as pro-
vided by the NRDM, have several
limitations. The usability of these data
could be improved if participation by
enrolled stores was increased or if
meta-information on participating
stores (such as market coverage) and
on the drugs included in each category
was made available to users of the
data. Because of the way that product
data are reported, the authors were
not able to assess whether a single
product or a subset of products
included in the larger diarrheal rem-
edies category might have coincided
with known disease, even though their
analysis and findings were valid for
the larger group of products repre-
sented by the category. Furthermore,
the current study was not able to
assess whether improvements in OTC
drug sales reporting systems might
enhance the performance of this type
of syndromic surveillance. The use of
OTC drug sales for surveillance may
be prohibitive because of the cost and
logistics of data collection or the pro-
prietary and secret nature of the data
(Rodman et al, 1997).

County-by-county differences in
disease reporting and aggregations of
diseases with varying severities may
have masked finding a true associa-
tion. These aggregations also could
have covered up localized diarrheal
remedy sales fluctuations resulting
from isolated outbreaks. Therefore,
the authors cannot rule out that
county-specific syndromic surveil-
lance may be more sensitive than the
regionwide surveillance examined in
this analysis.

Many studies have demonstrated
that people who become ill pur-
chase OTC drugs before they visit
their health care provider; however,
such health-seeking behavior varies
by factors that include age, gen-
der, culture, and access to health
care (Qato et al, 2008; Frosst et
al, 2006; Lam & Bradley, 2006;
Metzger et al, 2004; Amoako et al,
2003; Vingilis et al, 1999; Espino
et al, 1998; Farley, 1997; Stoehr
et al, 1997). One study (Frosst et
al, 2006) examined health-seeking
behavior in response to diarrheal
illness specifically. The survey of
351 adults reporting acute gas-
troenteritis (diarrhea, vomiting,
or both) found significant differ-
ences between those who used
OTC drugs and those who did not;
OTC antinauseants, antidiarrheals,
and/or rehydration therapies were
more likely to be used by women,
children 10-14 years of age, those
with more severe symptoms, and
those with a history of antacid use
(Frosst et al, 2006). Although care
should be exercised in applying
findings from Canada to the United
States because each has distinct
health care systems, the lack of
correlation that the authors of the
current study found between diar-
rheal remedy sales and diarrheal
cases could indicate that these data
sources measure the occurrence of
diarrhea in different populations.

CONCLUSION

Findings from this study did
not support the implementation
of syndromic surveillance with
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NRDM diarrheal remedy sales
for enhanced GI outbreak detec-
tion of waterborne or other ori-
gins. However, because of the lack
of large outbreaks in the data set
and the relative high variability in
sales, the authors cannot exclude
the possibility that NRDM sales
records may be useful for detecting
larger outbreaks. Nonetheless, pub-
lic health departments and water
utilities should carefully evaluate
the efficacy and added worth of
surveillance systems to avoid the
possibility that increased funding
for programs such as syndromic
surveillance are not accompanied
by cutbacks in funding for other
programs, resulting in a net increase
in overall morbidity (Balter et al,
2005; Reingold, 2003). This is
especially true given the proven
effectiveness of collaborations
between water utilities and health
departments in ensuring safe drink-
ing water and recreational water
(SFDPH, 2010; Kirian et al, 2008).
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“Za° Contamination Warning System Demonstration Pilot Project
o Syndromic Surveillance Alarm Threshold Analysis Summary

WATER

POWER

In 2009, the U.S. Environmental Protection Agency awarded the San Francisco Public Utilities Commission
(SFPUC) a three-year grant to evaluate the effectiveness of contamination warning systems for community drinking water
distribution systems. The public health surveillance component of the project included an assessment of the practical use
of over-the-counter drug sales to enhance waterborne disease detection. This fact sheet provides a summary of the
methods and findings from that analysis.

Methods: We compared weekly counts of cases and outbreaks of gastrointestinal disease to sales of diarrheal remedies,
as measured by the proportion of over-the-counter diarrheal remedies sales to total over-the-counter drug sales, in three
adjacent San Francisco Bay Area Counties who receive water from the San Francisco Public Utilities Commission. Sales
records for diarrheal remedies, defined as products taken for the relief of diarrhea such as bismuth, attapulgite,
subsalicylate, and loperaminde hydrochloride products, were purchased from the National Retail Data Monitor. Case and
outbreak records were obtained from county and state health departments.

Methods developed by Box and Jenkins were used to build autoregressive integrated moving average (ARIMA)
models for sales and non-outbreak-associated gastrointestinal case counts.

e To determine if the number of units sold or cases detected each week was able to self predict the number in
subsequent weeks, sales and case counts were first examined independently.

e To assess whether sales were higher before or during periods of higher diagnosed individual cases, the cross
correlations of the sales and case data were examined at several different time lags.

e To assess whether higher sales coincided with known outbreaks, simple regression analysis of the sales and
the number of outbreaks or number of outbreak-associated cases per week were run.

e To assess the predictive ability of the model, actual weekly sales were used to predict the expected sales per
week. The observed sales per week were then compared to the expected sales. Alerts were generated when
the observed sales exceeded the upper 95% confidence limit for the estimated expected sales. The sensitivity
and specificity of the model generated alerts and randomly chosen alerts in predicting weeks with outbreaks
were calculated and compared.

Results and Conclusions: No relationship between sales and the number of outbreaks, or outbreak-associated or
individual cases, was identified. Alerts generated with the sales model did not coincide with outbreaks or outbreak cases
better than randomly selected alerts; the sensitivity and specificity of model generated alerts was identical to that of
randomly generated alerts.

This study did not support the implementation of syndromic surveillance with National Retail Data Monitor Diarrheal
Remedy Sales for enhanced gastrointestinal outbreak detection of waterborne or other origins. However, the study was
limited because the largest outbreak in the forecasting period included 153 cases; the NRDM data may be useful for
detecting larger outbreaks. The study was also limited because of incomplete participation by enrolled stores, and because
the NRDM data do not include meta-information on participating stores such as market coverage and on the drugs
included in each category; it is possible that syndromic surveillance with improved sales data might better predict disease.
Nevertheless, the use of over-the-counter drugs sales for surveillance may be prohibitive due to the cost and logistics of
data collection, or the proprietary and secret nature of the data.

For More Information:
= Kirian ML, Weintraub JM. (2010) Prediction of gastrointestinal disease with over-the-counter diarrheal remedy
sales records in the San Francisco Bay Area. BMC Medical Informatics and Decision Making. 10(1): 39.
= Kirian ML, Weintraub JM. (2011) Syndromic Surveillance with Over-the-Counter Drug Sales for Waterborne
Gastrointestinal Disease? Journal AWWA. (Accepted for Publication August 2011)
= The full analysis report: (available in 2012)
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F——ﬁymdmmic sunveillance has received much attention as a method for health departments to accelerate the
- detection of and the reaction to outbreaks. However, the ability of syndromic surveillance to enhance the
detection of waterborne disease outbreaks and under what circumstances has not been demonstrated. In
our current study our aims are to investigate whether monitoring of over-the-counter drug sales can be used
to detect regional or local diarrhea waterborne outbreaks earlier than traditional surveillance, and if so, to
determine appropriate alert levels. For the analysis we are employing time series and control chart
techniques on retrospective over-the-counter drug sales data, provided by the National Retail Data Monitor, -

and reports of diarrhea disease cases and outbreaks to four county health departments: We will present the
model development process and sensitivity, specificity and timeliness estimates for a range of models and
model parameters. We will also discuss the problems and benefits in using this data or technigue, and will
develop recommendations on the implementation of syndromic surveillance with over-the-counter drug sales
data in the early detection of waterborne disease outbreaks.

Learning Objectives:
ate the benefitsiandl disadvantages to syndromic surveillance. i aterborne disease detection.
escrlbe some tlme serles and control chart methods that car (o)

http://apha.confex.com/apha/137am/webprogram/Paper193637.html
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Cumulative Incidence by Etio Etiology (# Cases)

B Yersinia (26)

@ Typhoid (62)

W Listeria (39)

O Legionella (17)

O E. coli (151)

W Vibrio(118)

O Cryptosporidia (220)
O Ciguatera (5)

@ Hepatitis A (152)
B Amoebas (512)

m Shigella (1002)

W Giardia (1739)

W Salmonella (2187)

2005 2006 B Campylobacter (3316)




Cumulative Incidence of Gl lliness per 100,000
Residents

W /5+

0 65-74

O 55-64

0 45-54

W 35-44

W 25-34

| 15-24

W 5-14
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Daily Gastro-Intestinal Cases: County A
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Outbreaks by Year and Etiology

Etiology (# Outbreaks)
W Giardia (1)
M Yersinia (1)
B Cryptosporidia (1)

W Trichinella (1)

@ Hepatitis A (1)

O Rotavirus (1)

= Vibrio (2)

O Bacterial Toxin (3)
= E. coli (4)

B Scombroid (3)

@ Chemical Toxin (2)
O Ciguatera (2)

O Campylobacter (2)
W B. cereus/C. perfringens
= (Ssglmonella @a7)

W Unknown GI (41)

W Norovirus (143)

2003 2004 2005 2006 2007

*2003 includes outbreaks for July -December.
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Outoreax Daia (2)

Outbreak-Associated Case *
Outbreaks N -
Max Median Mean
All Diseases 228 1563 19 25
Reportable Diseases 27 65 12 16
Not-Reportable Diseases 201 163 21 27
Study Period
Model (Jun 29, 2003 —Jul 2, 2005)t 71 110 15 23 -
Validation (Jul 3, 2005-Dec 31, 2005) 11 26 14 13
Forecasting (Jan 1, 2006-Dec 30, 2007) 149 163 21 27
*Number of cases not available for five outbreaks between January 1, 2006 and January 1, 2008.

TModeling period was shorter --Jan 4, 2004 to Jul 2, 2005-- for Univariate Case Modeling and
Cross Correlation Analysis.




_ National Retail Data Monitor -

Over-the-Counter Drug
Categories

Diarrhea Remedies*
Anti-Fever Adult

‘| Anti-Fever Pediatric

Bronchial Remedies
Baby/Child Electrolytes
Chest Rubs

Cold Relief Adult Liquid
Cold Relief Adult Tablet
Cold Relief Pediatric Liquid
Cold Relief Pediatric Tablet
Cough Syrup Adult Liquid
Cough Adult Tablet

Cough Syrup Pediatric Liquid
Cough/Cold

Hydrocortisones

Nasal Product Internal

Throat Lozenges

Thermometers



Proportion of NRDM Enrolled Stores Reporting Anti Diarrhea Remedy Sales by Week







Case Series Autocorrelations

Weekly Gl Cases: June 29, 2003-July 2, 2005
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OTC Series Autocorrelations

Residuals of First Difference OTC Data
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OTC Series Partial Autocorrelations
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gnivariate ARIMA Wo
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~ Cross Correlations

Standardized Weekly Case Data

Standardized

Weekly OTC Residuals
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OTC and Case Data Cross Correlations




OTCIMA(1) Residuals and Quthreak-Associated Cases

¢ Standardized
Outbreak-
Associated
Cases

— Standardized
Proportion Sales
IMA(L) Residuals

6
5
4
3
7]
14
0-
-1
-2
31
-4

1/04 3/04 5/04 7/04 9/04 11/04 1/05 3/05 5/05




— Details for Outbreaks with 50 or More Cases l

Rg:; - (;rl::;t Cl)-r?ss;t Etiology Cases | Institutional Signal

1/30/06 1/25/06 Missing Norovirus 101 Yes

Missing 4/18/06 Missing Unk/ Norovirus 60 No

Missing 4/24/06 Missing Unk/ Norovirus 62 Yes

4/28/06 4/25/06 | 5/2/2006 Norovirus 107 No No

5/01/06 4/26/06 Missing Unk/ Norovirus 55 No/ Unk

5/12/06 5/8/06 Missing Norovirus 50 Yes

10/31/06 10/26/06 Missing Norovirus 81 Yes No
12/05/2006 11/23/06 Missing Norovirus 86 Yes No
12/06/06 11/30/06 Missing Norovirus 72 Yes No
12/07/06 11/30/06 Missing Norovirus 63 Yes No
12/13/06 12/7/06 Missing Unknown 80 Yes No
12/11/06 12/7/06 Missing Unknown 61 No/ Unk No

1/22107 1/3107 Missing Norovirus 76 Yes No

1/8/07 1/8/07 Missing Norovirus 60 Yes No

7117107 7/13/07 7117107 Norovirus 92 No No
Missing 8/3/07 8/17/107 Norovirus 163 No/ Unk No

Missing 9/15/07 9/19/07 Norovirus 51 No/ Unk No

12/20/07

12/20/07

1/1/08

Norovirus

Yes

12/22/07

12/22/07

Missing

Norovirus

52

Yes

No

Missing

12/22/07

1/15/08

Norovirus

76

No/ Unk

No




Univariate rorecasting (2)

Sensitivity and Specif' city (OTC IMA(1) Signals)

AII Outbreaks Outbreaks with > 49 Cases Outbreaks with > 99 Cases
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
F Signal Week 4% (4/94) 100% (11/11) 4% (1/26) 97% (76/79) 14% (117) 97% (95/98)

o —
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Sensitivity and Specificity (Random Signals 2

- All Outbreak




imitations and Future work

e S S,
- — -
—

No very large regional outbreaks during
study period to test system

—*

I —— o

Aggregation of data into regional

Sy/hdromi Sy stem-may
Bessensivvertonsolatedoutoreaks.
Future work to look at de-aggregated

data.



“We did not fir ﬁﬁyﬂrelatlonshlp between’
====0TC drug sales as reported by NRDM and
known outbreaks or Gl cases in the SF Bay
Area

-

This analysis did not support the utility of
drug sales for predicting waterborne

orovirus Outbreaks remain an unaddressed
public health problem
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