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Abstract 

 

Age and Gender Distributions of Persons in Foodborne Disease Outbreaks 

and Associations to Contaminated Food Source 

 

By Paula D. Strassle 

 

Background. Foodborne disease accounts for 9.4 million illnesses caused by known 
pathogens in the United States every year.  Identifying outbreak sources are a critical 
part of containment and removal. There is the potential to use demographic information 
to assist in the prediction and identification of contamination sources in foodborne 
disease outbreaks.  This analysis assesses the association of gender and age distributions 
of persons in foodborne disease outbreaks with specific commodity sources. Methods. 
Outbreak data from January 1, 1998 to December 31, 2011 from the CDC Foodborne 
disease outbreak Surveillance System (FDOSS). Crude and adjusted odds-ratios were 
calculated for the seventeen defined commodities and a classification tree based-model 
was constructed to assess the predictability of demographic factors. Results. Age and 
gender were associated with multiple commodities after adjustment; men were more 
likely to be involved in outbreaks caused by mollusks (aOR=2.41, 95%CI 1.92, 3.03), 
dairy (aOR=1.60, 95%CI 1.31, 1.95), beef (aOR=1.43, 95%CI 1.24, 1.64), game 
(aOR=7.66, 95%CI 3.68, 15.94), and pork (aOR=1.46, 95%CI 1.23, 1.72).  Women were 
more likely to be involved in outbreaks caused by fruit-nuts (aOR=2.61, 95%CI 2.13, 
3.20), leafy vegetables (aOR=1.85, 95%CI 1.57, 2.18), sprouts (aOR=3.35, 95%CI 1.97, 
5.70), and vine-stalk vegetables (aOR=1.53, 95%CI 1.14, 2.05). Higher proportions of 
children (under 4 and 5-19), were involved in outbreaks caused by dairy, aOR=4.10 
(95%CI 3.37, 5.00) and 3.47 (95%CI 2.85, 4.23), respectively, beef, aOR=1.50 (95%CI 
1.27, 1.78) and 1.51 (95%CI 1.31, 1.73), pork, aOR=1.46 (95%CI 1.20, 1.78), and 1.45 
(95%CI 1.23, 1.71) and poultry, aOR=1.30 (95%CI 1.13, 1.50) and 1.24 (95%CI 1.11, 1.40). 
Older adults were more commonly involved in outbreaks caused by fish (aOR=1.54, 
95%CI 1.29, 1.83), mollusks (aOR=1.62, 95%CI 1.23, 2.15), fruit-nuts (aOR=2.78, 95%CI 
1.24, 6.23), root vegetables (aOR=2.18, 95%CI 1.45, 3.28), and vine-stalk vegetables 
(aOR=1.68, 95%CI 1.20, 2.36).  The tree based model had a kappa agreement of 0.17. 
Discussion. This analysis provides preliminary support that age and gender groups are 
more likely to be associated with certain foods causing outbreaks. Further analysis is 
needed in to better understand these relationships and the utility of demographic 
profiles to help in predicting food sources in outbreaks. 
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Introduction 

It is estimated that foodborne disease accounts for 9.4 million illnesses caused by known 

pathogens in the United States every year (1).  Although most foodborne illnesses are 

sporadic, outbreak-associated cases are an important source of information about the 

foods and pathogens causing illness (2).  Identifying the source of an outbreak is a 

critical part of containment and removal of the contaminated food source. Typically, 

outbreak investigations initially consist of identifying cases and interviewing them to 

determine potential sources of contamination or transmission. These hypothesis-

generating interviews contain extensive lists of food items and attempt to find 

commonalities in consumption patterns or locations between cases (5, 6). It is 

sometimes necessary to conduct multiple interviews with each case before potential 

sources can be identified. Moreover, as new food vehicles are more frequently identified, 

for example the recent listeriosis outbreak caused by cantaloupes, targeting potential 

food sources based on pathogen may become less effective in outbreak investigations (8). 

 There is the potential to utilize demographic information from outbreak cases to 

assist in the identification of contaminated food sources. Several factors can affect the 

quantity and variety of food an individual or family consumes, including income, gender, 

age, and health status (9-17). Gender, age, and state of residence based differences in 

food consumption have been observed using national survey data within the United 

States (9-17).  However, there are no studies examining demographics of persons 

involved in foodborne disease outbreaks and whether there are differences by implicated 

food. 

 To address this need for further information, this thesis will analyze the 

demographic distributions of foodborne disease outbreak cases, specifically age and 

gender, to determine if observed food consumption patterns exist. It is hypothesized that 

gender and age will be associated with specific food commodities; specifically that men 
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will be more likely to be involved in outbreaks caused by meat, women will be more 

likely to be involved in outbreaks caused by produce, and children will be more likely to 

be involved in outbreaks caused by dairy and fruit. Moreover, demographic data will be 

used to create a classification tree based model to determine the predictability of 

demographic distributions on specific contaminated commodities.  

 With outbreaks occurring in novel sources, targeted questionnaires based on 

pathogens are becoming less applicable and open-ended interviews are time consuming. 

There is a clear gap of knowledge concerning demographic trends in foodborne disease, 

and research in this area could provide novel and useful ways to investigate foodborne 

disease outbreaks in the United States. 
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Literature Review 

Foodborne Illness Surveillance 

It is estimated that foodborne disease accounts for 9.4 million illnesses caused by 

known pathogens in the United States every year (1).   Although most foodborne illnesses 

are sporadic, outbreak-associated illnesses are an important source of information about 

the foods and pathogens causing illness (2).   In 2009-2010 there were a reported 1,527 

foodborne disease outbreaks in the United States, accounting for over 29,000 illnesses, 

1,184 hospitalizations, and 23 deaths (3). Of these 1,527 outbreaks, 299 (20%) were 

attributed to a single food commodity (3). Identifying the source of an outbreak is a 

critical part of containment and removal of the contaminated food source.  

The Centers for Disease Control and Prevention (CDC) monitors and evaluates 

foodborne disease outbreaks via the Foodborne Disease Outbreak Surveillance System 

(FDOSS). FDOSS is a passive national surveillance system with state, local, territorial, 

and national  public health agencies reporting foodborne disease outbreaks caused by 

bacterial, viral, parasitic, and chemical agent since 1973 (2,3). While only a minority of 

illnesses, hospitalizations and deaths from foodborne illness are reported to health 

departments, and therefore FDOSS, this system provides valuable information on the 

pathogenic agents that cause foodborne diseases, the implicated foods in outbreaks, and 

the settings in which contamination and transmission occur (2, 3). To better assist the 

reporting of outbreaks, regulation of food safety, and increase understanding of 

implicated food sources, a scheme to categorize foods reported in outbreaks was created 

in 2009 (4).  

Foodborne disease outbreak Investigations 

 Typically, outbreak investigations consist of identifying cases and interviewing 

them to determine potential sources of contamination or transmission. These 
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hypothesis-generating interviews review extensive lists of food items and attempt to find 

commonalities in consumption patterns or locations between cases (5, 6). Currently, 

hypothesis-generating interviews are one of the primary methods used in outbreak 

investigations, even though this technique possesses several limitations and is time-

consuming (5). First, these interviews are highly dependent on the memories of patients; 

this is further expounded by the typical lag of weeks between initial exposure and the 

start of the outbreak investigation. Additionally, when the contaminated food is an 

ingredient in a larger dish (e.g., eggs, spices, or herbs), cases may not even know that 

they consumed it (5). It is sometimes necessary to conduct multiple interviews with each 

case before potential sources can be identified.  

 In 2009, a standardized targeted questionnaire- focusing on foods associated 

with previous outbreaks of E. coli proved ineffective at hypothesis generation in a multi-

state outbreak of Escherichia coli O157:H7 infections (7). After completing the first set of 

interviews, a second round of open-ended interviews with patients was performed. Based 

on the secondary interviews, a second questionnaire was created for a matched case-

control study. Through this analysis, prepackaged cookie dough was determined to be 

the source of the outbreak.  Prepackaged cookie dough had previously never been 

implicated in a foodborne disease outbreak and therefore was not included in the first 

questionnaire (7). Similarly, in a 2011 nation-wide listeriosis outbreak, cantaloupe was 

determined to be the vehicle of transmission, even though produce is rarely 

contaminated by this pathogen (8). As these novel outbreak vehicles become more 

common, targeting potential food sources based on pathogen may become less effective 

in outbreak investigations. 

Food Consumption Patterns 

Several factors can affect the quantity and variety of food an individual or family 

consumes, including income, gender, age, and health status (9-17). Most of the research 
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assessing food consumption patterns has occurred outside of the United States, and is 

therefore not directly applicable (9, 10, 12). However, gender and age based differences 

have been recently observed in food consumption using national survey data (9-17).  

The Foodborne Diseases Active Surveillance Network (FoodNet) is a 

collaborative program with the CDC, United States Department of Agriculture, and Food 

and Drug Administration (FDA). FoodNet conducts periodic surveys of the general 

population of 10 states, via random digit dialing, to create a disproportionate stratified 

sample representative of the US population. Questions on the survey include questions 

about diarrheal illness, demographics, and potential exposures (9, 11).  Potential 

exposure to ‘risky foods’ includes the consumption of pink or undercooked chicken, 

turkey, hamburgers or ground pork, raw fish or shellfish, unpasteurized milk, runny 

eggs, alfalfa sprouts, and unpasteurized apple juice (9,11).  

Men have been found more likely to consume ‘high risk’ foods, including 

unpasteurized milk, raw shellfish, runny eggs, and pink hamburgers when compared 

with women (9-12). In an analysis of the 1996-1997 survey data (which included 

residents of California, Connecticut, Georgia, Minnesota, and Oregon) age, gender, and 

state of residence were found to impact the preferences high-risk foods (9).  In an 

analysis of the date collected during 1998-1999, which was conducted in 7 states (same 

as above, plus Maryland and New York) found similar results (10). Men were statistically 

more likely to report consuming at least one risky food when compared with women, 

regardless of age (9, 10).  

Shiferaw et al. (2012) also found similar results to the prior studies when 

analyzing the 2006-2007 FoodNet population survey data but looked at both commodity 

categories and specific foods (11). In this analysis, women reported eating more fruits- 

including apples, strawberries, raspberries, blueberries, blackberries, and cantaloupe 

(11). There were also significant differences in the proportion of men and women eating 
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specific vegetables, with women consuming more celery, carrots, cucumbers, zucchini 

(or other ‘soft squash’), avocadoes, and tomatoes. Men reported consuming more corn 

and Brussels sprouts (11). Additionally, men consumed more steak, game birds, ham, 

oysters, shrimp, and nuts (11). In regards to high-risk foods, men had a statistically 

significant higher rate of consuming undercooked hamburger, raw oysters, and runny 

eggs; women were more likely to eat alfalfa sprouts (11). In a study on meat consumption 

trends in the United States, men consumed more meat (of every variety) than women 

(12). 

In a study of school children and adolescents, gender also was found to play a 

role in the reported consumption and preference for certain foods (14). In a 5-point 

rating scale survey, girls had a higher preference for fruits and vegetables. Boys reported 

having a higher preference for fish, beef, and pork (14). Moreover, these preferences 

were associated with school level, indicating that these differences in preference are also 

impacted by age. 

Additionally age has also been associated with differences in food consumption 

patterns. The proportion of young adults that reported consuming raw shellfish, runny 

eggs and alfalfa sprouts is higher than older adults (10). Additionally, older adults are 

likely to eat risky foods then younger age groups (11). Meat consumption, with the 

exception of fish, occurred highest in adults; peak fish consumption occurred in the older 

adult age group. Children aged 2-11 were least likely to consume meat when compared 

with persons in the other age groups (13).  

The National Health and Nutrition Examination Survey (NHANES), a continuous 

nationally representative cross-sectional survey, was analyzed to assess fruit and 

vegetable consumption among adolescents aged 12-18, and adults (15). While this study 

also focused on health and meeting daily recommendations for fruit and vegetable 

intake, the study concluded that adolescents were less likely to report consuming raw 
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fruits when compared with adults (15). Dark green vegetables were consumed by adult 

women more often than adolescents; however, adolescents were more likely to report 

consuming tomatoes. In general, adult women were more likely to eat raw fruits and 

vegetables than adult men and adolescents of either gender (15).  

There is the potential to use consumption patterns to better predict and assist in 

the identification of contamination sources in foodborne disease outbreaks. In a 2004 

Salmonella enterica (serotype Enteritidis) outbreak in Oregon, hypothesis-generating 

interviews proved unsuccessful in identifying a common exposure among cases (18). 

However, in 2002 FoodNet performed a population survey, which included residents of 

Oregon (19). Using a binomial distribution, the background rates of food consumption of 

residents of Oregon was compared with consumption estimates for cases in the outbreak 

(18). While the population survey estimated that only 9% of Oregon residents consume 

raw almonds any given week, all 5 of the cases in the outbreak reported eating almonds 

within 5 days of becoming sick; this information was used to ultimately help identify 

almonds as the source of the outbreak (18). Similarly, in 2008, the source of an outbreak 

of Salmonella enterica serotype Agona infections was determined by comparing the 

percentage of cases (84%) that reported eating puffed rice cereal with the total ready-to-

eat cereal market share in the US (0.063%) (20). 

Food Consumption Patterns in Outbreaks 

Anecdotally, evidence of age and gender patterns has been observed in foodborne 

disease outbreaks. For example, in the raw cookie dough outbreak discussed above, 66% 

of cases were under the age of 19 and 71% were female. Overall, women 19 years old or 

younger made up 55% of the total cases (7).  Out of the 147 cases in the listeriosis 

cantaloupe outbreak, 85 were women (58%) and 127 were 60 years or older (86%) (8). In 

the two recently reported milk outbreaks, over 30% of cases in each were in children (21, 

22). Using the FDOSS reporting system and the food commodity breakdown instituted 
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by the CDC, there is the potential to analyze demographic trends in foodborne disease 

outbreaks as it relates to pathogen and food vehicles.  

There is a clear gap in knowledge concerning the foods associated with persons 

who have illness by demographics. Research in this area could provide novel and useful 

ways to investigate foodborne disease outbreaks in the United States. Using data from 

foodborne disease outbreaks, the goal of this thesis is to determine if gender and age are 

associated, and potentially predictive, of contaminated food sources in foodborne disease 

outbreaks.  
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Abstract 

Background. It is estimated that foodborne disease accounts for 9.4 million illnesses 

caused by known pathogens in the United States every year; identifying the source of an 

outbreak is a critical part of containment and removal of the contaminated food source. 

There is the potential to use demographic information to assist in the prediction and 

identification of contamination sources in foodborne disease outbreaks.  This analysis 

assesses the association of gender and age distributions of persons in foodborne disease 

outbreaks with specific commodity sources. Methods. Outbreak data from January 1, 

1998 to December 31, 2011 from the CDC Foodborne disease outbreak Surveillance 

System (FDOSS). Crude and adjusted odds-ratios were calculated for the seventeen 

defined commodities and a classification tree based-model was constructed to assess the 

predictability of demographic factors. Results. Age and gender were associated with 

multiple commodities after adjustment; men were more likely to be involved in 

outbreaks caused by mollusks (aOR=2.41, 95% CI 1.92, 3.03), dairy (aOR=1.60, 95% CI 

1.31, 1.95), beef (aOR=1.43, 95% CI 1.24, 1.64), game (aOR=7.66, 95% CI 3.68, 15.94), 

and pork (aOR=1.46, 95% CI 1.23, 1.72).  Women were more likely to be involved in 

outbreaks caused by fruit-nuts (aOR=2.61, 95% CI 2.13, 3.20), leafy vegetables 

(aOR=1.85, 95% CI 1.57, 2.18), sprouts (aOR=3.35, 95% CI 1.97, 5.70), and vine-stalk 

vegetables (aOR=1.53, 95% CI 1.14, 2.05). Higher proportions of children (under 4 and 5-
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19), were involved in outbreaks caused by dairy, aOR=4.10 (95% CI 3.37, 5.00) and 3.47 

(95% CI 2.85, 4.23), respectively, beef, aOR=1.50 (95% CI 1.27, 1.78) and 1.51 (95% CI 

1.31, 1.73), pork, aOR=1.46 (95% CI 1.20, 1.78), and 1.45 (95% CI 1.23, 1.71) and poultry, 

aOR=1.30 (95% CI 1.13, 1.50) and 1.24 (95% CI 1.11, 1.40). Older adults were more 

commonly involved in outbreaks caused by fish (aOR=1.54, 95% CI 1.29, 1.83), mollusks 

(aOR=1.62, 95% CI 1.23, 2.15), fruit-nuts (aOR=2.78, 95% CI 1.24, 6.23), root vegetables 

(aOR=2.18, 95% CI 1.45, 3.28), and vine-stalk vegetables (aOR=1.68, 95% CI 1.20, 2.36).  

The tree based model had a kappa agreement of 0.17. Discussion. This analysis provides 

preliminary support that age and gender groups are more likely to be associated with 

certain foods causing outbreaks. Further analysis is needed in to better understand these 

relationships and the utility of demographic profiles to help in predicting food sources in 

outbreaks.  

 

Background 

It is estimated that foodborne disease accounts for 9.4 million illnesses caused by 

known pathogens in the United States every year (1).  Although most foodborne illnesses 

are sporadic, outbreak-associated illnesses are an important source of information about 

the foods and pathogens causing illness (2).   In 2009-2010 there were a reported 1,527 

foodborne disease outbreaks in the United States, accounting for over 29,000 illnesses, 

1,184 hospitalizations, and 23 deaths (3). Of these 1,527 outbreaks, 299 (20%) were 

attributed to a single food commodity (3). Identifying the source of an outbreak is a 

critical part of containment and removal of the contaminated food source.  

Typically, outbreak investigations initially consist of identifying cases and 

interviewing them to determine potential sources of contamination or transmission. 

These hypothesis-generating interviews review extensive lists of food items and attempt 

to find commonalities in consumption patterns or locations between cases (4, 5). 
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Currently, hypothesis-generating interviews are one of the primary methods used in 

outbreak investigations, even though this technique possesses several limitations and is 

time-consuming (4). First, these interviews are highly dependent on the memories of 

patients; this is further expounded by the typical lag of weeks between initial exposure 

and the start of the outbreak investigation. Additionally, when the contaminated food is 

an ingredient in a larger dish (e.g. eggs, spices, or herbs), cases may not even know that 

they consumed it (4). It is sometimes necessary to conduct multiple interviews with each 

case before potential sources can be identified. 

 In 2009, a standardized targeted questionnaire- focusing on foods associated 

with previous outbreaks of  E. coli proved ineffective at hypothesis generation in a multi-

state outbreak of Escherichia coli O157:H7 infections (6). After completing the first set of 

interviews, a second round of open-ended interviews with patients was performed. Based 

on the secondary interviews, a second questionnaire was created for a matched case-

control study. Through this analysis, prepackaged cookie dough was determined to be 

the source of the outbreak.  Prepackaged cookie dough had previously never been 

implicated in a foodborne disease outbreak and therefore was not included in the first 

questionnaire (6). Similarly, in a 2011 nation-wide listeriosis outbreak, cantaloupe was 

determined to be the vehicle of transmission, even though produce is rarely 

contaminated by this pathogen (7). As these novel outbreaks become more common, 

targeting potential food sources based on pathogen may become less effective in 

outbreak investigations. 

Several factors can affect the quantity and variety of food an individual or family 

consumes, including income, gender, age, and health status (8-16). Most of the research 

assessing food consumption patterns has occurred outside of the United States, and 

therefore not directly applicable (9, 10, 12). However, gender, age and state of residence 
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based differences have been recently observed in food consumption using national 

survey data (8-16).   

Men have been found more likely to consume ‘high risk’ foods, including 

unpasteurized milk, raw shellfish, runny eggs, and pink hamburgers when compared 

with women (8-10). In multiple studies it has been shown that men are more likely to eat 

meat when compared to women; moreover, this trend holds true even when looking at 

school-aged boys and girls (10-12). Women are more likely to consume fruits and 

vegetables, including alfalfa sprouts- also considered to be a ‘high risk’ food (10). 

Differences in consumption patterns between school-aged children and adults have also 

been shown in national surveys; children are more likely to consume raw fruits and 

tomatoes, and adults more likely to eat dark green vegetables, cantaloupe, and 

strawberries (13). 

There is the potential to use consumption patterns to better predict and assist in 

the identification of contamination sources in foodborne disease outbreaks. In a 2004 

Salmonella enterica (serotype Enteritidis) outbreak in Oregon, hypothesis-generating 

interviews proved unsuccessful in identifying a common exposure among patients (17). 

However, when the rate of food consumption of Oregon residents was compared to 

consumption estimates for cases, raw almonds was determined to be the source (17). In 

2008, the source of an outbreak of Salmonella enterica serotype Agona infections was 

determined by comparing the percentage of cases reported eating puffed rice cereal with 

the total ready-to-eat cereal market share in the US (18).  

There is a clear gap in knowledge concerning the foods associated with persons 

who have illness by demographics.  Using data from foodborne disease outbreaks, this 

study analyzes the associations between food outbreak source, age and gender and the 

potential to use demographic data to assist in the identification the source of the 

outbreak.  
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Methods  

Since 1973, the Centers for Disease Control and Prevention (CDC) has collected 

data on foodborne disease outbreaks (defined as 2 or more persons with a similar illness 

and exposure to a common food) through the Foodborne Disease Outbreak Surveillance 

System (FDOSS). FDOSS is a passive national surveillance system with state, local, 

territorial, and national public health agencies reporting outbreaks caused by bacterial, 

viral, parasitic, and chemical agents (2, 19). 

Data collected for each outbreak includes the implicated food, number of 

illnesses, number and/or proportion of men and women, number and/or proportion of 

cases aged <4 years old, 5-19 years old, 20-49 years old, and over 50 years old, reporting 

state, and etiologic agent.  We reviewed foodborne disease outbreaks reported to FDOSS 

where the first illness in the outbreak occurred during January 1, 1998-December 31, 

2011. 

For analysis, foods were further categorized into 17 mutually exclusive 

commodity groups (19).  Proportions of men, women, and each age category were 

calculated using reported counts when proportions were not directly reported by the 

health department. Outbreak reports missing information on age or gender and those 

with inaccurate data (i.e., proportions added to <98% or >102%) were not included in 

the analysis. Reporting states were categorized into US Census divisions and regions.  To 

adjust for outbreak size, a weighting scheme was created using quintile cutoff points (see 

Table 1).  

Mean proportions for gender, age category, and US Census division were 

calculated for each commodity type. Additionally, crude and adjusted odds ratios were 

calculated for gender and age by commodity type. Age-adjusted odds ratios were 

calculated for gender by determining if the outbreak had more men or women , defined 



P a g e  | 16 

 

 

by a proportion of >50%; gender-adjusted odds ratios were calculated for age by 

determining if the outbreak had more than the expected mean proportion for each age 

group. All data analysis was performed using SAS 9.3 (SAS Institute., Cary, NC, USA).  

Classification tree-based models for outbreak commodities were created utilizing 

gender, age categories, and region to determine if demographic information could help 

predict commodity sources of outbreaks.  Tree models were weighted based on total case 

quintiles as described above (Table 1). Commodity groups were collapsed in numerous 

ways using the commodity hierarchy described by Painter et al (19).  

Classification trees were created using RStudio 0.98.501 (RStudio, Inc.) using the 

RPART package (20). The minimum number of observations in a node before splitting 

(minsplit) was set to 30; cost complexity factor (cp) was set to .001. Trees were pruned 

by selecting a tree size, and associated cp, that minimized cross-validated error. Trees 

were created using both the complete dataset and datasets stratified by etiology.  Kappa 

statistics, sensitivity, and specificity were calculated for each tree to assess potential 

predictability; the final model was selected based on these criteria.  Institutional Review 

Board (IRB) exemption was received from Emory University. 

 

Results 

Between 1998 and 2011 there were 14,952 outbreaks reported to FDOSS. These 

outbreaks caused 303,662 total reported illnesses (median 8, range 2-1,939). Overall, a 

large portion of the data was missing or incomplete; 21.8% of gender data and 33.9% of 

age data were missing or misreported. Only 3,601 outbreaks (24.1%) identified a single 

commodity food source and were included in the analysis.  

On average these outbreaks involved 44.2% males and 55.7% women (sd 26.1); 

3.0% of cases were under the age of 4 (sd 10.5), 15.5% between 5 and 19 (sd 26.0), 52.7% 

between 20 and 49 (sd 33.2) and 26.8% over 50 years old (sd 31.4). See Table 2 for a 
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complete breakdown of outbreaks, cases, age distributions and gender distributions by 

commodity type. Regionally, 1,151 (32.0%) of the included outbreaks were reported by 

states in the West, 735 (20.4%) were reported by states in the Midwest, 1,090 (30.3%) 

were reported by Southern states, and 463 (12.9%) were reported by Northeastern states 

(Table 3).  

Unadjusted odds ratios were calculated for gender and each age group. Men were 

statistically significantly more likely to be involved in mollusk, game and vine-stalk 

outbreaks compared to other outbreak commodity types, odds ratio (OR) 1.51 (95% CI 

1.36, 1.68), 1.83 (95% CI 1.29, 2.60), and 1.48 (95% CI 1.40, 1.57), respectively. Women 

were more likely to be involved in oil-sugar, fruit-nuts, leafy, and sprout outbreaks, OR 

1.91 (95% CI 1.42, 2.57), 1.64 (95% CI 1.56, 1.73), 1.43 (95% CI 1.36, 1.51), and 1.53 (95% 

CI 1.29, 1.81), respectively.  

Children under the age of 4 were more likely to be involved in dairy (OR=2.75, 

95% CI 2.42, 3.12) and fruit-nuts (OR=4.55, 95% CI 4.14, 5.00) outbreaks; children 

between 5 and 19 were also more likely to be involved in dairy outbreaks (OR=1.99, 95% 

CI 1.83, 2.17), as well as game (OR=2.95, 95% CI 2.09, 4.15), poultry (OR= 1.51, 95% CI 

1.42, 1.60),and grain-bean outbreaks (OR=1.63, 95% CI 1.48, 1.80). The odds of adults 

aged 20-49 being involved in a fish, crustacean, mollusk, sprout or vine-stalk vegetables 

outbreak were higher than other commodity types, ORs 2.05 (95% CI 1.88, 2.24), 1.78 

(95% CI 1.48, 2.14), 1.81 (95% CI 1.61, 2.04), 2.07 (95% CI 1.76, 2.43), and 1.86 (95% CI 

1.72, 2.01), respectively. Older adults, over 50 years old, were more likely to be involved 

in oil-sugar outbreaks (OR=3.21, 95% CI 2.38, 4.33), fruit-nuts outbreaks (OR=1.50, 

95% CI 1.42, 1.59), and fungi outbreaks (OR=4.64, 95% CI 3.32, 6.48). See Table 4 for 

complete breakdown of odds ratios and confidence intervals for gender and age at each 

commodity level. 
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After adjusting for age, mollusk, dairy and meat (beef, game, and pork) outbreaks 

were more likely to have more men than women than outbreaks caused by other foods, 

aOR= 2.41 (95% CI 1.92, 3.03), 1.60 (95% CI 1.31, 1.95), 1.43 (95% CI 1.24, 1.64), 7.66 

(95% CI 3.68, 15.94), and 1.46 (95% CI 1.23, 1.72), respectively. After adjustment, women 

were more like to be involved in fruit-nuts outbreaks (aOR 2.61, 95% CI 2.13, 3.20), leafy 

outbreaks (aOR 1.85, 95% CI 1.57, 2.18), sprout outbreaks (aOR 3.35, 95% CI 1.97, 5.70) 

and vine-stalk vegetables outbreaks (aOR 1.53, 95% CI 1.14, 2.05).  

Children under 4 and 5-19 were more likely to be involved in outbreaks involving 

dairy, aOR=4.10 (95% CI 3.37, 5.00) and 3.47 (95% CI 2.85, 4.23), respectively, beef  

aOR= 1.50 (95% CI 1.20, 1.78) and 1.51 (95% CI 1.31, 1.73), respectively, pork, aOR= 1.46 

(95% CI 1.42, 1.78) and 1.45 (95% CI 1.23, 1.71), respectively,  and poultry, aOR= 1.30 

(95% CI 1.13, 1.50) and 1.24 (95% CI 1.11, 1.40), respectively, when compared without 

breaks caused by other foods and after adjustment for gender. Additionally, children 

under 4 were more likely to be involved in egg, fruit-nuts and sprout outbreaks, aOR= 

1.61 (95% CI 1.23, 2.09), 1.70 (95% CI 1.37, 2.10), and 4.54 (95% CI 2.88, 7.16), 

respectively, after adjustment. Children between 5 and 19 were also more likely to be 

involved in game outbreaks (aOR 2.12, 95% CI 1.19, 3.80) after adjustment for gender.  

Adults (aged 20-49) were more likely to be involved in outbreaks caused by 

aquatic animals- fish, crustaceans, and mollusks- aOR 1.61 (95% CI 1.40, 1.85), 1.78 (95% 

CI 1.24, 2.58), and 1.57 (95% CI 1.25, 1.98), respectively, as well as grain-bean (aOR 1.47, 

95% CI 1.18, 1.83), leafy (aOR 1.38, 95% CI 1.19, 1.61), and sprout (aOR 4.99, 95% CI 

2.74, 9.06) outbreaks after gender adjustment. Older adults, (> 50), were also more 

likely to be involved in fish outbreaks (aOR 1.54, 95% CI 1.29, 1.83), as well as oil-sugar 

(aOR 2.78, 95% CI 1.24, 6.23), fruit-nuts (aOR 1.78, 95% CI 1.45, 2.20), root vegetable 

(aOR 2.18, 95% CI 1.45, 3.28) and vine-stalk vegetables outbreaks (aOR 1.68, 95% CI 
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1.20, 2.36). See Table 5 for a complete breakdown of adjusted odds ratios for gender and 

age by commodity type.  

 The final classification tree initially contained 52 nodes, but was pruned to 

include only 13 nodes for ease of use (Figure 1). Commodities were collapsed from 

seventeen categories to six in the final model: aquatic (fish, crustaceans and mollusks), 

dairy/eggs, meat (beef, game, and pork), poultry, plants (grain-bean and oil-sugar), and 

produce (fruit-nuts, fungi, leafy, root, sprout, and vine-stalk vegetables).  A Kappa 

agreement statistic of .17 was achieved for the pruned tree; the full tree had a .23 

agreement. Sensitivity and specificity was calculated for each commodity, sensitivities 

ranged from 0%-57.4% and specificities 78.1%-100%. See Table 6 for breakdown of 

sensitivity and specificity results for each commodity.  Splits were created based off the 

weighted proportions of each category in the data. For example, the first split separates 

outbreaks where cases between 20 and 49 years old make up at least 96% of the outbreak 

and outbreaks where this age group makes up less than 96% of cases (Figure 1).  

 

Discussion 

 Outbreaks caused by meat were more likely to involve more men than women, 

and outbreaks caused by fruit-nuts and vegetables (specifically, leafy vegetables, sprouts, 

and vine-stalk vegetables) were more likely to involve more women than men.   The age 

distribution in outbreaks also varied by food; more children were affected in outbreaks 

caused by dairy and poultry while more adults were involved in outbreaks caused by 

vegetables. Current literature on food consumption patterns in the United States support 

that certain age groups or gender are more likely to be associated with specific food types 

(8-16). While the classification tree model provided minimal predictability, this 

preliminary analysis provides evidence that there is potential to use demographic data to 

predict contamination source. 
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These demographic associations could potentially assist outbreak investigations 

by providing information about foods that are more likely to be associated with certain 

demographic groups.  In the two recent milk outbreaks, over 30% of cases in each were 

in children, twice the average proportion of children in foodborne disease outbreaks; 

these outbreaks both fit the current findings that children are more likely to be involved 

in outbreaks with contaminated dairy (21, 22). In the listeriosis outbreak caused by 

cantaloupes described previously, 86% of patients were over the age of 60 and 58% of 

cases were female, both findings which fit the results of the current analysis (7).  

 To our knowledge, this is the first commodity classification tree created to help 

predict outbreak source contamination. A tree model using only demographic 

information (age, gender, and region) can provide utility as this information is typically 

readily available to investigators during an outbreak investigation. However, the current 

model may not be suitable for use in its current form due to its limited predictability. 

Additional demographic information and a more comprehensive dataset may help to 

create a better fitting predictive model. Moreover, a predictive classification tree model 

will need to be validated in outbreak investigations as a viable tool before it should be 

used in practice.  

Limitations to these findings are due to inherent constraints of the surveillance 

data used. First, gender and age are reported in aggregate and therefore interactions 

between the two variables could not be assessed. Future studies could refine these 

estimates by using datasets where age and gender of each case is known so a more 

accurate assessment can be made of gender and age on outbreak source. Second, as a 

large percentage of the data is missing, incomplete, or misreported, it is possible that the 

missing data could limit generalizability and predictability of the tree model.  

Third, foodborne disease outbreaks represent only a small portion of total 

foodborne illnesses; moreover, only a minority of illnesses are reported to health 
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departments, and therefore FDOSS. These findings and associations may not apply to all 

foodborne illnesses, and rather represent only the small subset of foodborne disease 

outbreaks that are reported. However, this study uses 14 years of data from a large 

nationwide outbreak surveillance dataset with a standardized food classification scheme 

to allow for meaningful analysis. This study, to the best of the authors’ knowledge, is the 

first to use a dataset of this nature to identify demographic groups associated with foods 

causing outbreaks. 

Knowledge on associations between outbreak demographic characteristics and 

contaminated food source is still limited. As novel contamination routes and outbreak 

sources continue to become more prevalent, new methods for outbreak source 

identification will need to be developed. This study provides preliminary evidence that 

demographic information may be able to assist investigators in identifying contaminated 

food sources in outbreaks. Additional research can provide a more concrete sense of the 

predictive power of demographic data in these investigations. 
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Table 1. Outbreak Weighting 

Outbreak Size Weight  

≤2 cases 1  

2-4 cases 2  

4-10 cases 3  

10-25 cases 4  

>25 cases 5  
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Table 2. Age and gender case distributions by food commodity, Foodborne Disease Outbreak Surveillance System, 1998-2011.  

Commodity Outbreaks Illnesses 
Male Cases 

(%)a 

Female Cases 
(%) 

Cases ≤4 
years (%) 

Cases 5-19 
years (%) 

Cases 20-49 
years (%) 

Cases 50+ 
years (%) 

Fish 649 3,560 1,201 (48) 1,438 (52) 35 (1) 133 (6) 1,568 (50) 629 (26) 

Crustaceans 93 912 290 (46) 324 (54) 6 (1) 47 (10) 314 (66) 126 (27) 

Mollusks 212 2,700 1,046 (60) 690 (40) 6 (0) 59 (5) 782 (64) 375 (26) 

Dairy 198 5,815 1,840 (54) 1,551 (46) 293 (10) 812 (29) 1,205 (64) 472 (31) 

Eggs 153 5,541 1,316 (49) 1,385 (51) 174 (8) 420 (19) 963 (43) 590 (17) 

Beef 437 9,220 3,490 (50) 3,441 (50) 145 (3) 1,167 (23) 2,324 (45) 1,364 (27) 

Game 26 224 121 (65) 66 (35) 3 (2) 54 (39) 61 (44) 19 (14) 

Pork 291 5,812 2,265 (50) 2,305 (50) 114 (3) 642 (18) 1,774 (49) 1,090 (30) 

Poultry 658 12,525 5,355 (51) 5,165 (49) 207 (3) 1,742 (23) 3,503 (47) 2,039 (27) 

Grain-Bean 183 3,291 1,611 (57) 1,223 (43) 25 (1) 568 (26) 1,233 (56) 382 (17) 

Oil-Sugar 12 246 80 (35) 147 (64) 2 (1) 33 (19) 43 (25) 95 (55) 

Fruit-Nuts 211 9,319 2,887 (39) 4,560 (61) 768 (14) 816 (15) 2,038 (36) 1,966 (35) 

Fungi 22 130 46 (48) 49 (52) 0 (0) 11 (14) 43 (54) 26 (33) 

Leafy 284 9,513 2,921 (41) 4,196 (59) 79 (1) 701 (13) 2,981 (54) 1,704 (31) 

Root 49 1,293 639 (55) 517 (45) 15 (2) 162 (18) 495 (54) 250 (27) 

Sprout 39 1,327 414 (45) 502 (55) 23 (3) 106 (16) 445 (66) 90 (13) 

Vine-stalk vegetables 84 7,433 3,232 (57) 2,408 (43) 63 (2) 279 (9) 1,925 (64) 740 (25) 

Totalb 3,601 78, 861 28,754 (49) 29,967 (51) 1,958 (5) 7,752 (18) 21, 697 (50) 11,957 (27) 

a Percentage of all cases due to that commodity in the indicated group, calculated using non-missing data only 
b Total includes all outbreaks where a single food commodity was identified 



P a g e  | 26 

 

 

 

 

  

Table 3. Region and division outbreak distributions (and percentage)a, by food commodity, Foodborne Disease Outbreak Surveillance 
System between 1998 and 2011.  

Commodity 
Total  

(N=13,648) 

West Midwest South Northeast 

Pacificb Mountain 
West South 

Central 
East South 

Central 
South 

Atlantic 
West North 

Central 
East North 

Central 
Mid-

Atlantic 
New 

England 

Fish 649 309 (48) 13 (2) 18 (3) 30 (5) 3 (0) 4 (1) 177 (28) 70 (11) 16 (3) 

Crustaceans 93 11 (12) 2 (2) 3 (3) 5 (5) 1 (1) 1 (1) 61 (67) 6 (7) 1 (1) 

Mollusks 212 85 (41) 5 (2) 5 (2) 2 (1) 13 (6) 5 (2) 70 (34) 16 (8) 6 (3) 

Dairy 198 42 (22) 27 (14) 21 (11) 26 (14) 8 (4) 3 (2) 29 (15) 19 (10) 13 (7) 

Eggs 153 30 (22) 22 (8) 10 (7) 22 (16) 1 (1) 2 (1) 30 (22) 20 (15) 10 (7) 

Beef 437 72 (18) 22 (5) 35 (9) 75 (19) 10 (2) 13 (3) 111 (28) 55 (14)  10 (2) 

Game 26 11 (44) 1 (4)  1 (4) 3 (12) 0 (0) 2 (8) 2 (8) 4 (16) 1 (4) 

Pork 291 46 (16) 10 (4) 21 (7) 51 (18) 3 (1) 13 (5) 112 (39) 19 (7) 10 (4) 

Poultry 658 149 (23) 17 (3) 42 (7) 103 (16) 21 (3) 17 (3) 223 (35) 53 (8) 19 (3) 

Grain-Bean 183 55 (31) 13 (7)  11 (6) 15 (8) 1 (1) 5 (3) 63 (35) 17 (9) 0 (0) 

Oil-Sugar 12 3 (25) 0 (0) 2 (17) 1 (8) 0 (0) 0 (0) 6 (50) 0 (0) 0 (0) 

Fruit-Nuts 211 40 (21) 12 (6) 29 (15) 31 (16) 3 (2) 3 (2) 49 (26) 14 (7) 9 (5) 

Fungi 22 7 (32) 3 (14) 1 (5) 2 (9) 0 (0) 0 (0) 3 (14) 5 (23) 1 (5) 

Leafy 284 72 (27) 21 (8) 20 (8) 49 (19) 4 (2) 10 (4) 44 (17) 26 (10) 17 (6) 

Root 49 14 (29) 2 (4) 4 (8) 4 (8) 1 (2) 0 (0) 16 (33) 4 (8) 3 (6) 

Sprout 39 8 (36) 3 (14) 2 (9) 3 (14) 0 (0) 0 (0) 4 (18) 0 (0) 2 (9) 

Vine-stalk vegetables 84  17 (25) 11 (16) 3 (4) 11 (16) 4 (6) 3 (4) 7 (10) 6 (9) 7 (10) 

Totalc 3,601 976 (28) 175 (5) 229 (7) 433 (13) 73 (2) 81 (2) 1,009 (29) 337 (10) 126 (4) 
a Percentage of all outbreaks associated with the listed commodity in the indicated region, calculated using non-missing data only 
b Pacific: Alaska, California, Hawaii, Oregon and Washington; Mountain: Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming; West South Central: 
Arkansas, Louisiana, Oklahoma, Texas; East South Central: Alabama, Kentucky, Mississippi, Tennessee; South Atlantic: Delaware, Georgia, Florida, Maryland, North Carolina, 
South Carolina, Virginia, West Virginia, Washington D.C.; West North Central: Iowa, Kansas, Minnesota, Montana, Nebraska, North Dakota, South Dakota; East North Central: 
Ohio, Illinois, Indiana, Michigan, Ohio; Mid-Atlantic: New Jersey, New York, Pennsylvania; New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, 
Vermont 
c Total includes all outbreaks where a single food commodity was identified 
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Table 4. Crude odds ratios (ORs) for gender and age categories by food commodity, Foodborne Disease Outbreak Surveillance System, 
1998-2011.  

Commodity 
OR Male  
(95% CI)a 

OR Female  
(95% CI ) 

OR ≤4  
(95% CI ) 

OR 5-19  
(95% CI ) 

OR 20-49 
(95% CI ) 

OR > 50  
(95% CI ) 

Fish 0.87 (0.80,0.94) 1.15 (1.06, 1.25) 0.31 (0.23, 0.44) 0.26 (0.22, 0.31) 2.05 (1.88, 2.24) 0.94 (0.86, 1.04) 

Crustaceans 0.90 (0.76, 1.06) 1.11 (0.95, 1.31) 0.25 (0.11, 0.55) 0.48 (0.36, 0.65) 1.78 (1.48, 2.14) 0.90 (0.73, 1.10) 

Mollusks 1.51 (1.36, 1.68) 0.66 (0.60, 0.73) 0.11 (0.05, 0.24) 0.29 (0.18, 0.30) 1.81 (1.61, 2.04) 1.16 (1.03, 1.32) 

Dairy 1.28 (1.19, 1.38) 0.78 (0.73, 0.84) 2.75 (2.42, 3.12) 1.99 (1.83, 2.17) 0.75 (0.69, 0.81) 0.51 (0.46, 0.57) 

Eggs 1.00 (0.92, 1.08) 1.00 (0.92, 1.09) 1.89 (1.61, 2.22) 1.13 (1.01, 1.26) 0.81 (0.74, 0.88) 0.99 (0.90, 1.09) 

Beef 1.09 (1.03, 1.15) 0.92, (0.87, 0.97) 0.65 (0.55, 0.77) 1.47 (1.37, 1.58) 0.85 (0.80, 0.90) 0.98 (0.91, 1.04) 

Game 1.83 (1.29, 2.60) 0.55 (0.38, 0.78) 0.75 (0.31, 1.83) 2.95 (2.09, 4.15) 0.79 (0.56, 1.10) 0.41 (0.26, 0.67) 

Pork 1.00 (0.94, 1.07) 1.00 (0.94, 1.07) 0.72 (0.60, 0.87) 0.99 (0.91, 1.08) 0.96 (0.89, 1.02) 1.13 (1.05, 1.22) 

Poultry 1.16 (1.11, 1.21) 0.86 (0.82, 0.90) 0.59 (0.51, 0.68) 1.51 (1.42, 1.60) 0.86 (0.81, 0.90) 0.97 (0.92, 1.02) 

Grain-Bean 1.29 (1.19, 1.39) 0.78 (0.72, 0.84) 0.33 (0.24, 0.46) 1.63 (1.48, 1.80) 1.27 (1.17, 1.39) 0.53 (0.47, 0.59) 

Oil-Sugar 0.52 (0.39, 0.70) 1.91 (1.42, 2.57) 0.23 (0.06, 0.95) 1.09 (0.74, 1.59) 0.33 (0.23, 0.47) 3.21 (2.38, 4.33) 

Fruit-Nuts 0.61 (0.58, 0.64) 1.64 (1.56, 1.73) 4.55 (4.14, 5.00) 0.76 (0.71, 0.83) 0.53 (0.50, 0.57) 1.50 (1.42, 1.59) 

Fungi 0.93 (0.59, 1.48) 1.07 (0.68, 1.71) NAb 0.37 (0.20, 0.68) 0.41 (1.17, 1.31) 4.64 (3.32, 6.48) 

Leafy 0.70 (0.66, 0.73) 1.43 (1.36, 1.51) 0.27 (0.22, 0.34) 0.65 (0.60, 0.70) 1.24 (1.17, 1.31) 1.22 (1.14, 1.29) 

Root 1.40 (1.23, 1.58) 0.72 (0.63, 0.81) 0.35 (0.21, 0.57) 0.98 (0.83, 1.17) 1.17 (1.03, 1.33) 0.97 (0.84, 1.13) 

Sprout 0.66 (0.55, 0.78) 1.53 (1.29, 1.81) 0.72 (0.47, 1.09) 0.88 (0.71, 1.08) 2.07 (1.76, 2.43) 0.41 (0.33, 0.51) 

Vine-stalk vegetables 1.48 (1.40, 1.57) 0.67 (0.64, 0.71) 0.44 (0.34, 0.56) 0.45 (0.40, 0.51) 1.86 (1.72, 2.01) 0.84 (0.78, 0.92) 

Bold lettering indicates an OR > 1 and significant at a 0.05 level 
a 95% CI = 95% confidence interval 
b No fungi outbreaks were observed in children under 4, therefore no odds ratio was calculated 
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Table 5. Weighted adjusted odds ratios (aOR) for gender and age categories by food commodity, Foodborne Disease Outbreak 
Surveillance System, 1998-2011.   

Commodity 
aOR Malea  
(95% CI)c 

aOR  Female  
(95% CI ) 

aOR ≤4b  
(95% CI ) 

aOR 5-19  
(95% CI ) 

aOR 20-49 
(95% CI ) 

aOR >50  
(95% CI ) 

Fish 1.06 (0.91, 1.23) 0.53 (0.46, 0.61) 0.28 (0.21, 0.38) 0.33 (0.28, 0.40) 1.61 (1.40, 1.85) 1.54 (1.29, 1.83) 

Crustaceans 0.61 (0.41, 0.93) 0.86 (0.61, 1.23) 0.69 (0.40, 1.19) 0.87 (0.60, 1.28) 1.78 (1.24, 2.58) 1.01 (0.62, 1.65) 

Mollusks 2.41 (1.92, 3.03) 0.29 (0.22, 0.37)  0.30 (0.19, 0.49) 0.34 (0.25, 0.47) 1.57 (1.25, 1.98)  1.62 (1.23, 2.15) 

Dairy 1.60 (1.31, 1.95) 0.58 (0.47, 0.71) 4.10 (3.37, 5.00) 3.47  (2.85, 4.23) 0.41 (0.34, 0.51) 0.50 (0.35, 0.71) 

Eggs 0.87 (0.68, 1.11) 0.99 (0.79, 1.25) 1.61 (1.23, 2.09) 1.04 (0.82, 1.31) 0.65 (0.51, 0.81) 1.30 (0.97, 1.74) 

Beef 1.43 (1.24, 1.64) 0.80 (0.69, 0.91) 1.50 (1.27, 1.78) 1.51 (1.31, 1.73) 0.72 (0.62, 0.82) 0.95 (0.78, 1.18) 

Game 7.66 (3.68, 15.94) 0.23 (0.11, 0.47) 1.18 (0.52, 2.68) 2.12 (1.19, 3.80) 0.62 (0.35, 1.13) 0.83 (0.33, 2.11) 

Pork 1.46 (1.23, 1.72) 0.80 (0.68, 0.94) 1.46 (1.20, 1.78) 1.45 (1.23, 1.71) 0.93 (0.79, 1.09) 0.84 (0.66, 1.07) 

Poultry 0.92 (0.81, 1.04) 1.09 (0.97, 1.22) 1.30 (1.13, 1.50) 1.24 (1.11, 1.40) 0.91 (0.82, 1.03) 0.78 (0.65, 0.92) 

Grain-Bean 1.00 (0.80, 1.25) 1.06 (0.85, 1.32) 0.50 (0.35, 0.73) 1.06 (0.84, 1.33) 1.47 (1.18, 1.83) 0.52 (0.35, 0.76) 

Oil-Sugars 1.73 (0.80, 3.74) 1.08 (0.50, 2.31) 1.16 (0.44, 3.06) 2.12 (0.99, 4.52) 0.35 (0.15, 0.83) 2.78 (1.24, 6.23) 

Fruit-Nuts 0.41 (0.32, 0.52) 2.61 (2.13, 3.20) 1.70 (1.37, 2.10) 1.03 (0.85, 1.24) 0.59 (0.49, 0.71) 1.78 (1.45, 2.20) 

Fungi 1.33 (0.67, 2.63) 0.41 (0.20, 0.85) NAd 1.41 (0.72, 2.76) 0.65 (0.33, 1.28) 1.24 (0.51, 3.01) 

Leafy 0.65 (0.55, 0.78) 1.85 (1.57, 2.18) 0.48 (0.37, 0.63) 0.68 (0.57, 0.81) 1.38 (1.19, 1.61) 1.03 (0.84, 1.27) 

Root 1.23 (0.84, 1.79) 1.35 (0.93, 1.95) 0.67 (0.39, 1.18) 1.09 (0.75, 1.59) 0.70 (0.48, 1.01) 2.18 (1.45, 3.28) 

Sprout 0.40 (0.23, 0.72) 3.35 (1.97, 5.70) 4.54 (2.88, 7.16) 1.32 (0.83, 2.10) 4.99 (2.74, 9.06) NAe 

Vine-stalk vegetables 0.85 (0.62, 1.15) 1.53 (1.14, 2.05) 1.14 (0.80, 1.65) 0.61 (0.44, 0.84) 1.06 (0.80, 1.41) 1.68 (1.20, 2.36) 

Bold lettering indicates an OR > 1 and significant at a 0.05 level 
a Gender variables (defined as >50% or ≤50%) were adjusted by age category proportions; age 20-49 was used as the referent group 
b Age variables (defined as >mean proportion or ≤ mean proportion) were adjusted by gender proportions; female was used as the referent group 
c 95% CI = 95% confidence interval 
d No fungi outbreaks were observed in children under 4, therefore no adjusted odds ratio was calculated 
e No sprout outbreaks had over 26.8% adults over 50, so no adjusted odds ratio was calculated 
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Table 6. Sensitivity and specificity for final classification tree-based model 
(Figure 1), by collapsed commodity type.  

Commoditya Aquatic Dairy/Eggsb Meat Poultry Plantsb Produce 

Sensitivity (%) 57.4 0.0 42.2 12.8 0.0 47.2 

Specificity (%) 80.0 100 78.1 93.5 100 81.5 
a Commodity groups were collapsed to maximize Kappa; aquatic= fish, crustacean and mollusk; meat = 
beef, game and pork; plants = grain-bean, and oil-sugar; produce = fruit-nuts, fungi, leafy, root, sprout and 
vine-stalk vegetables 
bDairy/egg and plant outbreaks were not predicted in the final model 
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Figure 1. Classification decision tree to predict collapsed commodity type using gender, age and 

region. 
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Summary, Public Health Implications, Possible Future Directions 

 The average reported outbreak in the United States between 1998 and 2011 involved 44% 

men, 56% women, almost 19% children, 53% adults and 27% older adults (50+ years old). 

However, when data is stratified by contaminated food source, the average number of men, 

women and age groups vary from these overall estimates. Males were more likely to be the 

majority in outbreaks caused by meat, and females more likely to be involved in outbreaks 

caused by fruits and vegetables (specifically leafy, sprouts, and vine-stalk vegetables). Age was 

also associated with contaminated commodity; children were more likely to be involved in 

outbreaks caused by dairy and poultry and adults more likely to be involved in outbreaks caused 

by vegetables.  While the classification tree model provided minimal predictability, kappa 

agreement=0.17, this preliminary analysis provides evidence that there is potential to use 

demographic data to predict contamination source.  

 Overall, this analysis of food outbreak data shows that there is an association between 

demographic features and contaminated food source. While etiology is strongly correlated with 

outbreak commodity (Appendix Table 6), outbreaks caused by previously unidentified food 

vehicles are making this association less useful in source identification.  Additionally, an etiology 

is not always determined. By using information that is always available- basic case 

demographics- this could add another resource to the current tool kit used by outbreak 

investigators and health departments. If outbreak sources can be identified more rapidly and 

with greater frequency, the benefits would be two-fold: recalls could occur faster which would 

prevent additional exposure and illnesses, as well as assist in the furthering of current 

knowledge about foodborne disease transmission.  

 This is the first commodity classification tree created to help predict outbreak source 

contamination. A tree model using only demographic information (age, gender, and region) can 

provide utility as this information is readily available to investigators at the start of an outbreak 

investigation. However, the current model has limited predictability and may not be suitable for 
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use in its current form. Additional demographic information and a more comprehensive dataset 

may help to create a better fitting predictive model. Moreover, a predictive classification tree 

model will need to be validated in outbreak investigations as a viable tool before it should be 

used in practice.  

Limitations to these findings are due to inherent constraints of the surveillance data 

used. First, gender and age are reported in aggregate and therefore interactions between the two 

variables could not be assessed. Future studies could refine these estimates by using datasets 

where age and gender of each case is known so a more accurate assessment can be made of 

gender and age on outbreak source. Second, as a large percentage of the data is missing, 

incomplete, or misreported, it is possible that the missing data could limit generalizability and 

predictability of the tree model (Appendix Table 7).  

Third, foodborne disease outbreaks represent only a small portion of total foodborne 

illnesses; moreover, only a minority of illnesses are reported to health departments, and 

therefore FDOSS. These findings and associations may not apply to all foodborne illnesses, and 

rather represent only the small subset of foodborne disease outbreaks that are reported. 

However, this study uses 14 years of data from a large nationwide outbreak surveillance dataset 

with a standardized food classification scheme to allow for meaningful analysis. This study, to 

the best of the authors’ knowledge, is the first to use a dataset of this nature to identify 

demographic groups associated with foods causing outbreaks. Knowledge on associations 

between outbreak demographic characteristics and contaminated food source is still limited. As 

novel contamination routes and outbreak sources continue to become more prevalent, new 

methods for outbreak source identification will need to be developed. This study provides 

preliminary evidence that demographic information may be able to assist investigators in 

identifying contaminated food sources in outbreaks. Additional research can provide a more 

concrete sense of the predictive power of demographic data in these investigations.  
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Appendix 

Figure 2. Institutional Review Board (IRB) exemption letter. 
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Table 6. Etiologic agents causing of outbreaks, by food commodity, Foodborne 
Disease Outbreak Surveillance System, 1998-2011.  
 

Commodity Outbreaks 
Bacterial 

(%)a 

Viral 
(%) 

Chemical 
(%) 

Parasitic 
(%) 

Fish 649 44 (7) 8 (1) 535 (82) 1 (0) 

Crustaceans 93 32 (34) 5 (5) 4 (4) 1 (2) 

Mollusks 212 74 (35) 70 (33) 12 (6) 1 (0) 

Dairy 198 155 (78) 19 (10) 0 (0) 0 (0) 

Eggs 153 137 (90) 3 (2) 0 (0) 0 (0) 

Beef 437 292 (67) 28 (6) 1 (0) 0 (0) 

Game 26 16 (62) 1 (4) 1 (4) 7 (27) 

Pork 291 183 (63) 26 (9) 1 (0) 1 (0) 

Poultry 658 370 (56) 43 (7) 3 (0) 0 (0) 

Grain-Bean 183 96 (52) 24 (13) 3 (2) 1 (1) 

Oil-Sugar 12 2 (17) 5 (42) 1 (8) 0 (0) 

Fruit-Nuts 211 61 (29) 89 (42) 12 (6) 9 (4) 

Fungi 22 2 (9) 2 (9) 15 (68) 0 (0) 

Leafy 284 60 (21) 163 (57) 2 (1) 4 (1) 

Root 49 22 (45) 13 (27) 1 (2) 0 (0) 

Sprout 39 37 (95) 0 (0) 0 (0) 0 (0) 

Vine-stalk vegetables 84 48 (57) 18 (21) 1 (1) 0 (0) 

Totalb 3,601 1,631 (45) 517 (14) 592 (16) 25 (1) 

a Percentage calculated using non-missing data only 
b Total includes all outbreaks where a single food commodity was identified 
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Table 7. Number of outbreaks with missing, incomplete, or 
misreporteda demographic data by commodity type, Foodborne 
Disease Outbreak Surveillance System, 1998-2011.  

Commodity Outbreaks 
Outbreaks 

without Gender 
Data (%) 

Outbreaks 
without Age 

Data (%) 

Fish 649 126 (19) 164 (25) 

Crustaceans 93 22 (24) 35 (38) 

Mollusks 212 43 (20) 69 (33) 

Dairy 198 28 (14) 47 (24) 

Eggs 153 36 (24) 49 (32) 

Beef 437 87 (20) 147 (34) 

Game 26 4 (15) 9 (35) 

Pork 291 61 (21) 94 (32) 

Poultry 658 119 (18) 182 (28) 

Grain-Bean 183 32 (17) 53 (29) 

Oil-Sugar 12 3 (25) 4 (33) 

Fruit-Nuts 211 44 (21) 72 (34) 

Fungi 22 5 (23) 7 (32) 

Leafy 284 52 (18) 88 (31) 

Root 49 9 (18) 14 (29) 

Sprout 39 11 (28) 15 (38) 

Vine-stalk vegetables 84 15 (18) 30 (36) 

Totalb 3,601 687 (19) 1,079 (30) 
a Data was considered misreported if total proportions for gender or age did not equal 
between 98% and 102% 
b Total includes all outbreaks where a single food commodity was identified 


