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Abstract 
The Distribute project supports collection of aggregate emergency department (ED) data to analyze care-

seeking behavior for influenza-like illness (ILI). Forty-two public health sites provide data from 

jurisdictions representing ~60% of the US population, and capturing ~50% of all ED visits nationwide. 

Each jurisdiction uses a local preferred syndrome definition (―Preferred‖ ILI). Definitions vary widely, 

making analytical comparison across sites difficult. A pilot project was undertaken to evaluate use of a 

standardized definition of ILI across sites (―ILI-S‖). Six sites provided 4 years of data using a syndrome 

definition comprising 3 components—fever/cough, fever/sore throat, and flu—defined by a formal code 

set. Evaluation measures included a signal-to-noise calculation based on epidemic intervals reported by 

the participating sites and a CUSUM control chart for evaluation of detection timeliness. Results of 

comparative visual and statistical analysis indicated a) clearer inter-regional comparisons for ILI-S than 

for Preferred ILI; b) similar differences among age groups across definitions; and c) no significant loss in 

signal-to-noise ratio for the ILI-S groupings. The statistical comparisons showed slight but not consistent 

loss of detection timeliness using the ILI-S definition in 2 of the 6 pilot sites and no disadvantage in the 

other sites. Findings suggest analytic benefits from the ILI-S definition in addition to clarifying regional 

comparisons. 
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1. Background 
 
The Distribute project is a community-based national syndromic emergency department (ED) surveillance 

system designed for monitoring influenza-like illness (ILI) trends across public health jurisdictions. 

Distribute began in 2006 as a pilot effort to create a collaborative electronic ED surveillance network 

based on existing state and local health department systems and expertise. Initiated by the International 

Society for Disease Surveillance (ISDS), Distribute brought together public health departments that 

sought to share aggregate level data, maintain jurisdictional control, minimize barriers to participation and 

leverage the flexibility of local systems to create a collaborative surveillance network. Jurisdictions 

participating in Distribute send data to ISDS throughout the year, on a daily to weekly basis, aggregated 



by day, and stratified by age-group (<2, 2-4, 5-17, 18-44, 45-64 and 65+ years), geographic region (three 

digit patient or facility level zip code) and by local ILI syndrome definition. Local ILI syndromes used in 

Distribute vary by participating health department jurisdiction, from narrow and specific influenza-like 

definitions, to more broad and inclusive respiratory and fever related definitions [1]. As of September 

2011, the ISDS Distribute project received data from 42 public health jurisdictions in the US, capturing 

~50% of all ED visits nationwide, and representing jurisdictions covering ~60% of the US population. 

 

State and local syndromic surveillance systems in the US have been reported to be most useful for 

population level ILI surveillance and large area trend monitoring [2]. Each of the jurisdictions 

participating in Distribute submits data using locally-defined syndromes for monitoring ILI; these 

definitions vary from broad febrile and respiratory complaints, to narrow ILI syndrome definitions [1]. 

User evaluation of Distribute found that the locally-defined data standards and syndromes were useful for 

local analysis, but interpretation or comparison of influenza activity across jurisdictions was limited 

without use of a standard case definition [3]. To address the variation in ILI syndrome definitions used 

across state and local systems in Distribute, the ILI-S pilot assessment was conducted.  

 

1.1 Monitoring Influenza-like Illness (ILI) Syndromes 

Among various public health threats, influenza is of particular widespread concern because it results in 

thousands of hospitalizations and deaths each year, and immunity to the strains endemic in a given year 

does not imply immunity in subsequent years. Very young and very old patients as well as persons with 

underlying conditions (e.g., asthma, chronic obstructive pulmonary disease) are at heightened risk for 

influenza-associated complications. Furthermore, many rare diseases including those that have been 

weaponized for bioterrorism have early presentation as influenza-like illness [4].  

 

Influenza surveillance in the US is conducted through multiple systems aimed at capturing information 

about influenza related morbidity and mortality, as well as laboratory confirmed cases and viral type, 

subtype and strain information [5]. The traditional surveillance case definition for ILI is temperature of 

100°F or greater and a cough and/or a sore throat in the absence of a known cause other than influenza 

[6]. 

 
In syndromic ED surveillance systems, illness data are collected through automated, electronic processes, 

using patient chief complaint text and coding data, and not clinician identified cases. ILI syndromes are 

defined based on patient chief complaint, with terms grouped into syndromes and subsydromes 

 

1.2 Derivation and Usage of ILI Ratios 

Automated surveillance systems widely used for over a decade [6, 7] form daily or weekly counts of 

patient visits to clinical care facilities classified by categories of illness, e.g. counts of visits related to ILI, 

gastrointestinal, or neurological illness. The classification is done according to information fields in the 

patient records. The fields used for classification are generally diagnosis codes or chief complaint text. In 

the Distribute system, ILI record classifications are based on chief complaint text.Many health 

departments classify a patient visit record as ILI if the chief complaint indicates that the patient has a 

fever and either a cough or sore throat [8]. As discussed in the next section, agreement on such a 

conceptual criterion does not eliminate classification bias among facilities or in the same facility over 

time, and the management of this bias issue motivates the ILI-S project and this paper. 

 

For each facility included in each Distribute site, counts of all patient visits and counts of the subset of all 

ILI-classified visits are recorded each day. Both sets of counts are stratified by patient age group, using 

age groups under 2, 2-4, 5-17, 18-44, 45-64, and over 64 years. Traditional epidemiological assessment of 

influenza is monitored as a population-based rate (e.g., number of persons with ILI syndrome per 10,000 

persons in the population). Given incomplete ED visit reporting, and unknown population coverage, rates 

are often not reliably estimated.  Among other measures [9], the ratio of ILI counts to total counts is used 



as a measure of the current burden of influenza. This ratio is used as a surrogate for the incidence of 

influenza in the geographic region monitored by the Distribute site. Potential weaknesses of this surrogate 

measure are a) the population coverage of the included facilities, b) differences between the true ILI ratio 

and underlying influenza rate, c) the accuracy of ILI classification, and d) the focal problem here—

difference in ILI classifications among facilities and sites.  

 

2.0 The ILI-S project 

 

2.1 Motivation and History 
User evaluation of Distribute found locally-defined data standards and syndromes to be useful for local 

analysis, but interpretation or comparison of influenza activity across jurisdictions was limited without 

the use of standard case definitions [3]. In the following sections we refer to the local ILI 

classifications used by individual sites as the Preferred definitions and the proposed standardized 

classification as the Common or ILI-S definition. The objective of the ILI-S project was to assess the 

capability and utility of implementing a common ILI syndrome definition across the network. 

 

All contributing Distribute sites were invited to participate in the assessment with the objective of 

achieving representation by geography, jurisdiction size, and regional ED surveillance system coverage. 

Six sites agreed to participate in the ILI-S project, including four state and two large metropolitan health 

departments from across the US, representing the Northeastern, Mid-Atlantic, Midwestern, Mountain and 

Pacific surveillance regions. The six sites provided approximately four years (189 weeks, from October 1, 

2006 to May 9, 2010) of daily ILI counts using two separate chief complaint ILI classifications, their own 

local classification and a common classification. These definitions were applied to coded or free-text ED 

patient electronic chief complaint data. 

 

The common classification was the union of three sub-syndromes defined using chief complaints that 

contained strings classified using SAS mapping tables as ―fever and cough‖, ―fever and sore throat‖, or 

―influenza‖. Classification as one or more of these sub-syndromes was sufficient for a visit to meet the 

common ILI syndrome definition [10]. SAS programming code (SAS Institute, Cary, NC) and technical 

support were provided for implementing the syndrome classification and data submission protocol.  

 

The four years of data from the six participating sites using both classifications are the basis for the 

analysis below. 

 

2.2 The Standardization Issue 
ILI coding standardization proved to be a polarizing issue among the nationwide 42-site Distribute 

community. While some argued that standardization is essential for comparison of ILI ratios across sites 

and for community-wide understanding of reported rates, others were concerned that adoption of 

standardized coding would come at the cost of region-specific understanding of local incidence and 

coding patterns and could potentially result in delayed recognition of local influenza epidemics. 

Discussions to initiate the ILI-S project occurred at a large April 2010 meeting involving representatives 

of most of the Distribute sites, and community members agreed that the standardized definition was 

intended for sharing information among sites but need not restrict sites from using their preferred 

definitions locally. It was also agreed that a pilot project, which became ILI-S, was needed to obtain 

quantitative evidence to better inform the standardization question. The following sections summarize 

some of the resulting findings by investigating visualization of time series derived from the local and ILI-

S definitions, by comparing the signal discrimination capability of the two definitions, and by applying a 

control chart to the respective time series to compare detection timeliness based on recent historical 

influenza epidemics.  



3.0 Comparative Analysis of ILI-S and Preferred Data 

 
This section analyzes common and preferred counts of ILI visits from six unidentified sites, each 

receiving ED patient records from multiple hospitals. All six sites provided daily, age-stratified Preferred, 

Common, and total visit counts for an entire 3 year, 8 month period from 01Oct2006 until 14May2010. 

 

3.1 Descriptive statistics 

Table 1 shows the approximate overall visit count sums and ILI ratios, with the weekly means, minima, 

and maxima for all six sites during the study interval. All sites are well represented, with total counts 

ranging from 2.25 million (Site 1) to 13.12 million (Site 6) visits. For Site 2, the overall common and 

preferred counts and ratios differ by only 0.05%, but for all other sites, the preferred classification 

includes far more visits. The common definition ILI ratio ranges from 1.54-3.78% across sites, while the 

preferred ratio ranges from 1.95-9.40%, reflecting the wide variation among the preferred criteria. The 

last three columns are provided for reference because most Distribute users focus on weekly data. 

 
 Table 1: Summary Statistics for the Common (ILI-S) and Preferred ILI Definitions 

 

 
3.2 Comparison of ILI-S and preferred ratios  
Figure 1 gives a typical comparison of daily ILI ratios for Site 5.  Note that the ratios and the variance are 

higher for the preferred ratios. Figure 2 gives a similar comparison for Site 3 using ratios of weekly 

counts.  The reduced variance with the weekly ratios allows clear comparison with the curves overlaid. 

Each plot shows 5 peaks. The first three peaks indicate rises in ILI ratios caused by seasonal influenza 

epidemics, and the last two peaks were caused by the spring and fall waves of the 2009 influenza A/H1N1 

pandemic.  



 
 
Figure 1: Comparison of Daily ILI Ratios for Site 5 using Preferred and Common Definitions 

 

 

Figure 2: Comparison of Weekly ILI Ratios for Site 3 using Preferred and Common Definitions 
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Figure 2 illustrates the general comparison between ratios, with the preferred peaks higher for the 

seasonal events, while the pandemic peaks show little difference between definitions.  Analysis in 

subsequent sections is confined to the seasonal data.   

 

The principal advantage of the common definition is shown by the comparison in Figure 3. Plots of time 

series of the Preferred ratios are on widely disparate scales, as suggested by the overall ratios in Table 1. 

Furthermore, since definitions of ILI vary by site, overlaying the site-specific trends on a single graph can 

be misleading, since it is not readily apparent whether differences across sites are due to the underlying 

definition of ILI or to actual disease trends. Overlaying the trends using the Common definition enables 

the viewer to distinguish between these factors more clearly, and reveals that there is little inter-site 

difference between epidemics while clarifying regional differences during epidemics. For example, only 

from the visualization using the common ratios is it evident that the effects of the fall 2009 H1N1 

pandemic wave were weakest and latest at Site 6. 

 

 
 

Figure 3: Common Definition Clarifies ILI Ratio Comparison across Sites 

 

3.3 Analysis of ILI-S subsyndrome proportions 

 
The distribution of the ―fever/cough‖, ―fever/throat‖, and ―flu‖ components proved stable across the six 

participating ILI-S sites and displayed age-related patterns. It was expected that the ―fever/throat‖ 

proportion of records would be very small for the under-2 year patients because most of these patients 

would have trouble communicating a sore throat symptom. Interestingly, this proportion was similarly 

small for the 45-64 and 65+ year age groups.  Figure 4 presents stacked bar charts illustrating these 

proportions by site for each age group.  Note that many of the stacked percentages sum to over 100% 
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because patient records were allowed to be classified in more than one ILI-S component.  The site-

specific all-age bar charts are separated at the right. 

 

Figure 4: Age-Stratified Comparison of ILI-S Components by Participating Site 

 

Another feature of these charts is that the ―flu‖ percentage sharply increases for patients above age 18 

years across all sites.  Participating epidemiologists have offered explanations that more care may be 

taken in describing symptoms of younger patients because of a wider differential diagnosis and that older 

patients are more likely to self-diagnose.  Similar analyses have also suggested that the ILI-S 

standardization affords opportunities for understanding patterns of age-related disease incidence and of 

symptom presentation both within and among Distribute sites. 

  



4.0 Event-based signal-to-noise measurements and results 
 

The purpose of the remaining analyses is to compare the suitability of the common and preferred 

definitions for discriminating epidemic periods from those of usual ILI levels.  This investigation requires 

labeling of each week as an epidemic or non-epidemic week.   For this purpose, the epidemics evidenced 

by the peaks in the above plots were defined with specific dates: 

 Seasonal Influenza, 2006-2007:  23Dec2006 – 31Mar2007 

 Seasonal Influenza, 2007-2008:  01Dec2007 – 26Apr2008 

 Seasonal Influenza, 2008-2009:  11Jan2009 – 05Apr2009 

 2009 Novel H1N1, Spring Wave: 15Apr2009 – 24Jul2009 

 2009 Novel H1N1, Fall Wave:  01Sep2009 – 31Dec2009 

 

These dates were derived from the WHO and NREVSS influenza test data used to set baseline weeks in 

ILINet [9], principally weeks in which the percentage of positive influenza tests exceeded 10% for at least 

one HHS region. More specific epidemic dates were not well defined for the six test sites, and the dates 

above were used for all sites. 

 

The signal-to-noise ratio has been used to calculate the effectiveness of detection systems for 

discriminating data effects of phenomena of interest on known noise backgrounds in multiple disciplines 

[11].  We defined event-based signal-to-noise ratio for application to the common and preferred ratio time 

series.  For this discrimination measure, baseline weeks were defined as all weeks outside the epidemic 

intervals defined above.  Baseline mean and standard deviation values base and base were calculated 

from the data for each site as: 

base = mean ILI ratio over baseline weeks 

base = mean ILI ratio over baseline weeks 

 
Using these values, we defined mean and maximum event-based signal-to-noise ratio for each epidemic 

event as: 

 Event SNRMax   = (maximum ILI ratio ILI during event - base) / base  

 Event SNRMean = (mean ILI ratio ILI during event - base) / base  

 

For an epidemic event, the unit of measurement for both of these quantities is the number of standard 

deviations above the baseline mean for that event, either for the peak week or averaged over the event 

interval. 

These two quantities were calculated for each of the five epidemic events for all six ILI-S sites.  Results 

are charted in Tables 2 and 3 for the maximum and mean SNR measures, respectively.  These tables give 

the SNR values for all 30 site/event combinations for the Preferred definition, for the ILI-S definition, and 

for the difference ILI-S – Preferred SNR.   

In Table 2, note the large SNR values for the 2007-8 seasonal event and especially for the 2009 spring 

and fall waves. Entries with magnitudes greater than 2 are shown in red font. Site 6 shows over 23 

standard deviations above the mean for spring wave, and the other five sites all show over 15 standard 

deviations above the mean for the fall wave, indicating when the main burden of the pandemic affected 

these sites.  The rows of differences show relatively small differences in signal discrimination between 

the Preferred and ILI-S criteria.  Exactly half of the differences favor each definition, and 22 of the 30 

differences are below 2. Sites 3 and 6 tend to favor the Preferred definition, while Site 5 slightly favors 

ILI-S. 



As expected, the mean SNR values in Table 3 are smaller than in Table 2, and so are the SNR differences 

between the criteria.  Only six of the site/event combinations show average SNR values above 1 standard 

deviation. Again, results for Sites 3 and 6 lean toward the Preferred definition, while Site 5 favors ILI-S. 

 

Table 2: Event-Based Maximum Signal-to-Noise Comparisons of Preferred/Common Definitions 

 

Table 3: Event-Based Mean Signal-to-Noise Comparisons of Preferred/Common Definitions 

   



5.0 CUSUM comparison and results 

 
An adaptive variant of the cumulative summation (CUSUM) chart, widely used in the context of 

industrial quality control to detect small mean shifts, was applied to compare the Preferred and Common 

ILI definitions for detection timeliness. In recent years CUSUMs have been applied in disease 

surveillance and have  yielded detection performance as good as or better than that of standard methods 

[12]. 

The adaptive CUSUM version applied here uses a sliding 12-week baseline and a 2-week buffer between 

the baseline and current week.  Thus, for each ILI definition, let 

 X t = the mean of ILI ratios over weeks t-14, t-13… t-3, and 

  ŝ t = the standard deviation of ILI ratios over weeks t-14, t-13, …, t-3. 

For week t, we refer to the sliding z-score 

 zt = (xt – X t ) / ŝ t 

and define the CUSUM  SH,t for week t as 

SH,t = max( 0, zt – k + SH,t-1  ) 

where SH,t is initialized to 0 at starting week t = 0, and k is the number of standard deviations above the 

mean to be  detected.  An alert is signaled when SH,t exceeds a threshold value h. In customary usage, 

Phase I analysis is conducted to establish effective values of k and h [13].For the current study, we varied 

k and h as well as the baseline and buffer lengths and chose values to allow detection of the epidemic 

events at a threshold h that would cause alerts at an average of at most 1 out of 10 weeks.  This limit is 

based on recursion intervals and is not the standard in-control average run length in common usage but 

was adopted for the available ILI data.  From analysis using the recursion interval method, we used the 

12-week baseline, 2-week buffer, k=0.1, and threshold h = 4.5.   

 

Figure 4: Age-Stratified Comparison of ILI-S Components by Participating Site 
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The CUSUM statistic with these settings was applied for the Common and Preferred definitions for the 

data from all 6 sites.  Figure 5 shows a sample comparison of the CUSUM statistics for Site 6, with the 

red line indicating the alerting threshold h=4.5. From the crossings of this threshold, the CUSUM 

detected all 5 events for the Preferred definition but missed the first seasonal epidemic with the common 

definition. As evidence of the increased noise level of the Preferred definition, our CUSUM applied to the  

Preferred ratios showed a slight rise in the summer of 2008 but no false alarm.  The h and k settings 

yielded no false alarms between epidemics. We could not ascertain whether any epidemics signaled early 

because the epidemic dates are not precisely known.      

Using these dates, we compared alerting timeliness using the two ILI definitions. The entries of the upper 

sections of Table 4 gives the number of weeks after the nominal epidemic start date that each CUSUM 

alerted or the entry ―no alert‖ if the threshold was not exceeded during the event interval.  In the bottom 

panel of the table, these delays are subtracted so that a positive difference indicates earlier alerting for the 

ILI-S definition.  Thus, for the seasonal event in 2009, the CUSUM using the Preferred definition alerted 

6 days earlier.  The 2006-2007 seasonal event was missed in Sites 3 and 6 using the Common definition, 

and the 2009 H1N1 Spring Wave was missed in Sites 1-3 using both definitions. 

Table 4: Timeliness comparison of CUSUM detection for 6 sites, 5 epidemics 

 

    



In general, the CUSUM timeliness difference between definitions was minor. 

 

6.0 Conclusions about the use of the ILI-S classification 

 
The main questions in this paper regarding the common ILI-S definition were:   

a) Does the use of the common definition yield ILI ratios that are comparable among sites on an 

absolute basis? 

b) Does the common definition weaken the surveillance value of the ILI ratios for individual sites? 

 

Section 3.0 answers a) affirmatively, with very similar ILI ratios between epidemics and with visual 

clarification of varying epidemic onset times among sites. The common ILI-S definition both allows 

absolute ratio comparisons and sharpens regional differences in epidemic effects. 

 

The comparison between ILI ratio time series derived with the respective common and preferred criteria 

reveals a trade-off. When the noisier preferred definitions are used, peaks are higher for most epidemics, 

while the common definition shows less variability during non-epidemic periods. One hypothesis is that 

the preferred definitions are more sensitive to all types of viral infections, not just influenza, and this less 

discriminate sensitivity weakens the preferred criterion as a specific flu detector.   

 

Regarding the concern of some sites over loss of sensitivity using the common definition, the application 

of the event-based signal-to-noise measure and the adaptive CUSUM indicate a slight detection advantage 

for several sites during the seasonal epidemics, but not during the spring and fall waves of the 2009 H1N1 

pandemic. Thus, for a site with the resources and objective for precise statistical monitoring, the preferred 

definition may have an advantage measurable in weeks of earlier alerting for some seasonal pandemics.  

Such a site could retain the preferred definition for the purpose of local monitoring but still share data 

based on the common definition to facilitate comparison with other sites. Other sites might find the 

common definition appropriate for all purposes.   

 

The tradeoff between the high peak discrimination of the preferred criterion and the quiet non-epidemic 

behavior of the common criterion poses another question--could the common definition be revised to 

improve signal discrimination with reduced noise across all sites? Investigation of this question would 

involve implementation of additional chief complaint filters and application of similar statistical testing, 

and more sites and epidemics would be needed to make a conclusive comparison. 

 

In addition to the standardization feature of the ILI-S data, the visualizations of the three ILI-S 

components across sites suggest utility for understanding regional differences in coding and in age-related 

effects.  Future plans for the Distribute program include addition of participating sites and expansion to 

additional illness categories. 
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