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Foodborne Illness and Its Impact 

 

Module Objectives 

 
Performance Objective 
By the end of this module, participants will be able to identify various agents of foodborne illness 
and their associated burden on the United States. 
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Enabling Learning Objectives 
By the end of this module, the instructor shall accomplish the following learning objectives in 
support of the performance objective: 

• Explain the burden of foodborne illness in the United States 
• Describe the various agents that cause foodborne illness 
• Apply terminology used by outbreak response teams 

 

The Burden of Foodborne Illness in the United States 

 

In 2011, CDC estimated that each year in the United States, 47.8 million illnesses, resulting in 
128,000 hospitalizations and 3,000 deaths, were attributable to contaminated food. Of these 
illnesses, 9.4 million are caused by 31 known foodborne disease agents and the remaining 38.4 
million by unspecified agents. In 2016, 5085 foodborne disease outbreaks, accounting for at 
least 85,723 individual illnesses and 184 deaths, were reported to CDC. 
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Foodborne illness is economically costly. In 2014, the United States Department of Agriculture’s 
Economic Research Service (USDA-ERS) estimated the average annual economic burden of 
foodborne illness for which a pathogen was identified at $15.5 billion. USDA-ERS based this 
burden on cost estimates of foodborne illness caused by 15 major pathogens in the United 
States.  These 15 pathogens account for 95% of the illnesses and deaths from foodborne illness 
acquired in the United States for which a pathogen was identified. These estimates include 
costs associated with acute and chronic illness medical costs as well as costs associated with 
lost wages for those that recovered and estimates of the costs associated with premature 
deaths.  

In a 2015 study by Ohio State University Economist Robert Scharff, the total cost of foodborne 
illness may range from $55.5 billion to as high as $93.2 billion. The high estimate includes 
losses associated with quality of life while the low (conservative) estimates use a similar formula 

Instructional Note 
Mention to participants that the $15.5 billion is directly related to the 15 major 
pathogens that have been identified through outbreak responses which is 
represented in the upcoming table. In a 2015 study by Ohio State University 
Economist Robert Scharff, the total cost of foodborne illness may range from 
$55.5 billion to as high as $93.2 billion. The high estimate includes losses 
associated with quality of life while the low (conservative) estimates use a 
similar formula to the USDA-ERS. This study is a state-by-state comparison 
of annual costs. Using the conservative estimate, the average cost per case 
of foodborne illness ranged from $888 in West Virginia to $1,766 in the 
District of Columbia. 
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to the USDA-ERS. This study is a state-by-state comparison of annual costs. Using the 
conservative estimate, the average cost per case of foodborne illness ranged from $888 in West 
Virginia to $1,766 in the District of Columbia. 
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Estimated annual cost of illness, total number of cases identified, and average cost per case 
identified. 

 
Pathogen 

 
Total Cost 

Total 
Cases 

Identified 

Average 
Cost per 

Case 

Vibrio vulnificus $319,850,293 96 $3,331,773.89 

Listeria monocytogenes $2,834,444,202 1,591 $1,781,548.84 

Toxoplasma gondii $3,303,984,478 86,686 $38,114.40 

Vibrio spp. (non-cholera) $142,086,209 17,564 $8,089.63 

E. coli O157  $271,418,690 63,153 $4,297.80 

Salmonella spp. 
(nontyphoidal) 

$3,666,600,031 1,027,561 $3,568.26 

Yersinia enterocolitica $287,111,168 97,656 $2,940.03 

Campylobacter spp. $1,928,787,166 845,024 $2,282.52 

Vibrio parahaemolyticus  $40,682,312 34,664 $1,173.62 

Shigella (all species) $137,965,962 131,254 $1,051.14 

Cryptosporidium parvum $51,813,652 57,616 $899.29 

Norovirus $2,255,827,318 5,461,731 $413.02 

Clostridium perfringens $342,668,498 965,958 $354.74 

E. coli non O157 $27,364,561 112,752 $242.70 

Cyclospora cayetanensis $2,301,423 11,407 $201.76 

NOTE: The high costs associated with Vibrio vulnificus and Listeria monocytogenes 
stem from costs attributed to premature deaths (97% of the cost for Vibrio vulnificus 
and 75% of the cost for Listeria monocytogenes). 
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Burden on the Food Industry 

 

The burden of foodborne illness on the food industry can vary greatly. Very seldom are the 
costs limited to one company. This is evident when the distribution network of our food supply 
is considered. The impact of recalls on the food industry are far reaching, in some cases 
reaching $10 million in direct cost.  

Direct cost of recalls includes notification (to regulators, supply chain, and consumers), product 
retrieval (reverse logistics), storage, destruction, unsalable product, and of course, the 
additional labor costs associated with these activities, as well as investigation cost. 
These direct costs do not include litigation costs, increase regulatory compliance costs, and the 
impact to the company’s market value and brand reputation.  
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An outbreak of Salmonella Saintpaul that occurred in 2008 provides a good example of the 
economic costs to the industry associated lost sales and brand damage. This outbreak 
sickened 1442 people in 43 states, the District of Columbia, and Canada. Early in the 
investigation it appeared that tomatoes were the possible source of the outbreak and the FDA 
issued a warning not to eat tomatoes. As the investigation continued the cause of the outbreak 
was identified as jalapeno and serrano peppers. As a result of the warning, large retailers 
cancelled all orders of tomatoes and 32% of the tomatoes grown in Georgia were left in the 
fields and never picked for consumption. Tomatoes that were selling for $18 to $19 a box 
were selling for $4 after the warning. Some Florida growers reported selling boxes for 50 
cents. Florida and Georgia growers claim they lost $100 to $125 million as a result of the 
warning.  
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A new study from researchers at the Johns Hopkins Bloomberg School of Public Health 
suggests the cost to a restaurant for a single foodborne disease outbreak has been estimated at 
$3,968 to $2.6 million, depending on the pathogen, the type of restaurant involved, and the size 
of the outbreak. The research suggests that a foodborne outbreak in a fast food restaurant 
in which 5 people were sick would incur costs of approximately $4,000.  This low cost is 
the result of no loss in revenue and no lawsuits, legal fees, or fines. The researchers found 
that a single outbreak of Listeria involving 250 persons in a fine dining restaurant could 
cost upwards of $2.6 million in meals lost per illness as revenue, lawsuits, legal fees, 
fines and higher insurance premiums.  

Etiologic Agents Associated with Foodborne Disease 
Foodborne illnesses may represent infections by bacteria, viruses, or parasites; or intoxications, 
including by heavy metals, pesticides, other chemical contaminants and, and toxins produced 
by mushrooms, fish, or microbial agents.  
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Bacterial pathogens can cause illness in a variety of ways. The ability of bacteria to multiply 
on environmental surfaces, in food, and in a host make it a significant risk to the 
manufactured food industry. There are three generally recognized pathways bacteria cause 
foodborne illness. Bacteria may produce a preformed toxin and the toxin produces illness. 
This illness is usually characterized by a sudden onset of illness after ingestion of the toxin. A 
bacterium that preforms toxin is Staphylococcus aureus. Bacteria cause infection by invading 
the host and multiplying within a cell (intercellular) or in the fluid surrounding the cell 
(extracellular). Onset of illness may take several days up to several weeks after ingestion of the 
bacteria. Many serotypes of Escherichia coli bacterium are enterotoxin producers.  Bacteria 
may also cause infection within a host and produce a toxin. This enterotoxin 
subsequently causes illness. Since infection is necessary prior to toxin production, these 
illnesses general take several days or weeks to occur after ingestion of the bacteria. Certain 
bacterial infection can be treated with antimicrobic therapy but many illnesses resolve on their 
own. The following table shows the three mechanisms by which bacteria causes foodborne 
illness. 
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Mechanism of Action Common Pathogens 
Preformed toxin Bacillus cereus 

Clostridium botulinum 
Staphylococcus aureus 

Infection and subsequent production of 
enterotoxins 

Bacillus cereus 
Clostridium botulinum 
Clostridium perfringens 
Enterohemorrhagic Escherichia coli (STEC) 
Enterotoxigenic E. coli (ETEC) 
Vibrio cholerae 

Infection Bacillus anthracis 
Brucella spp. Campylobacter jejuni 
Enteroinvasive E. coli 
Listeria monocytogenes 
Plesiomonas shigelloides 
Salmonella spp. 
Shigella spp. 
Streptococcus pyogenes 
Vibrio spp. 
Yersinia enterocolytica and Y. 
pseudotuberculosis 

 

 
 
Viruses are the most common pathogen that cause foodborne illness and Norovirus is the 
number one cause of foodborne illness in the U.S. Virus are not capable of multiplying 
outside a host cell and must infect a host cell and replicate to produce illness. Ingestion to onset 
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of illness may take a day to several weeks. Many viruses are capable of causing foodborne 
illness but norovirus, a member of the Caliciviridae family, and Hepatitis A Virus (HAV) pose the 
greatest food safety public health threat in the U.S. The CDC reports that 58% of all foodborne 
illness are caused by norovirus – an illness commonly referred to as acute gastroenteritis or 
AGE. Most viral infections are self-limiting – that is, a person will get better without antimicrobial 
treatment, but supportive care of hydration and rest may be necessary. 
 

 
 
Parasites are organisms that live in or on a host but can also be free living. There are two main 
classes on parasites of foodborne illness significance. A protozoan is a single-cell organism 
that are able to live in humans – typically in the intestines. Primary mode of transmission is 
by ingestion and illness is caused by infection.  Protozoan parasites commonly ascribed to 
foodborne illness are Cyclospora and Cryptosporidium but Toxoplasma gondii may pose the 
most significant threat to pregnant women and individuals with a compromised immune system. 
Worms or Helminths are the other class of parasite that may cause foodborne illness. 
Helminths are multicellular organisms that can be seen without a microscope. Some infections 
involving parasites can be treated with antimicrobic therapies but for many individuals with 
healthy immune systems, illness will resolve on its own.  
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Toxins and chemicals can contaminate food and cause foodborne illness when ingested. Some 
toxins are a byproduct of biological activity such as marine algae, fungal, and fish toxins 
or chemicals that are hazardous at certain levels. Toxins and chemicals generally exhibit a 
rapid onset of illness after ingestion and are treated with supportive care. The following table 
shows some of the more common toxins and chemicals that cause foodborne illness. 
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Type of 
Agent 

Mechanism of 
Action 

Examples 

Marine algae 
toxins 

Preformed toxin Brevetoxin (neurotoxic shellfish poisoning) 
Ciguatoxin (ciguatera) 
Domoic acid (amnestic shellfish poisoning) 
Saxitoxin (paralytic shellfish poisoning) 

Fungal toxins Preformed toxin Aflatoxin 
Mushroom toxins (amanitin, ibotenic acid, 
museinol, muscarine, and psilocybin) 

Fish toxins Preformed toxin Gempylotoxin (escolar) 
Scombrotoxin (histamine fish poisoning) 
Tetrodotoxin (puffer fish) 

Chemicals Preformed toxin 
(hazardous at certain 
levels) 

Antimony 
Arsenic 
Cadmium 
Copper 
Fluoride 
Lead 
Mercury 
Nitrites 
Pesticides (e.g., organophosphates, 
carbamate) 
Thallium 
Tin 
Zinc 

Adapted from the CIFOR Guidelines 
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CDC’s summary of outbreaks reported through the Foodborne Disease Outbreak Surveillance 
System (covering 2009–2015) identified bacteria (including their toxins) accounting for 53% 
of reported outbreaks that had a confirmed single etiology. The most commonly implicated 
bacteria were Salmonella, E. Coli O157, Campylobacter, Clostridium perfringens, 
Staphylococcus aureus, Vibrio parahaemolyticus, Listeria monocytogenes, Shigella, and 
Bacillus cereus. 
 
During the same period, viruses constituted 39% of confirmed single-etiology foodborne 
disease outbreaks— up from 16% in 1998; this increase reflects the increased availability of 
viral diagnostics. During 2009–2015, noroviruses accounted for 98% of viral foodborne 
outbreaks; hepatitis A virus and sapoviruses played a minor role. 
 
During 2009–2015, parasites accounted for 1% of outbreaks with a single confirmed etiology.  
 
Marine algae and fish toxins, mushroom toxins, and chemicals accounted for 7% of outbreaks; 
of these, scombrotoxin caused 44% and ciguatoxin 35%. 
 
No etiologic agent was identified in 27% of outbreaks reported during 2009–2010. Reasons for 
failure to find an etiology include inadequate collection of stool specimens, delay in outbreak 
detection and specimen collection, testing directed at pathogens other than the causative one, 
and that testing is not available for certain pathogens.  
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Factors Associated with Etiologic Agents of Foodborne Illness 
 

Etiology refers to determining the cause or origin of an illness. Etiologic is 
synonymous with causative. 

 
Linking an identified illness to a foodborne source may present a challenge early on during an 
investigation. There are certain factors, generally associated with the descriptive epidemiologic 
principles of person, place, and time that may provide important information linking illness to a 
suspected agent and possible source.  
 
Signs and symptoms associated with illness and an incubation period can provide valuable 
clues as to the possible agent. In determining the clinical characteristics of ill persons in an 
outbreak, most investigators question ill persons specifically about the occurrence of a standard 
set of signs and symptoms often associated with foodborne illness. A commonly used set of 
signs and symptoms includes headache, nausea, vomiting, myalgia (muscle aches), abdominal 
(stomach, belly) cramps, unusual fatigue (feeling tired), fever (and whether temperature was 
measured), chills, any diarrhea or loose stools, three or more loose stools within a 24-hour 
period, and any blood in the stool. Negative findings can be as pertinent as positive findings 
and should be recorded. 
 

 
Another important of characteristic associated with a disease agent is the time it takes from 
exposure to the onset of illness. This time period is the incubation period. The incubation period 
is the time from exposure to the etiologic agent to development of symptoms. Incubation 
periods may be characteristic of the agent but, due to many factors, they are generally provided 

Note to Participants 

An example of using certain clinical and epidemiologic criteria when no laboratory 
confirmation is available is the use of the Kaplan criteria to determine if an 
outbreak of Norovirus is occurring. The original criteria proposed by Kaplan et al 
are: 

1. A mean (or median) illness duration of 12 to 60 hours, 
2. A mean (or median) incubation period of 24 to 48 hours, 
3. More than 50% of people with vomiting, and 
4. No bacterial agent found. 

An alternate set of criteria have been proposed by Lively et al and may be more 
definitive in for norovirus outbreak identification: 

1. A greater proportion of cases with vomiting than with fever, 
2. Bloody diarrhea in less than 10% of cases, and 
3. Vomiting in greater than 25% of cases. 
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as a time range and an average. The duration of illness may also provide important clues as to 
the etiologic agent.  
 

The incubation period is the time from exposure to the causative agent until the 
first symptoms develop and is characteristic for each disease agent. 

 
In identifying the likely etiologic agent in an outbreak on the basis of signs, symptoms, 
incubation period, and duration of illness, it is helpful to first categorize a suspected foodborne 
illness as resulting from a preformed toxin, enterotoxin, or infection.  
 

 
 
Illnesses from preformed toxins are caused by ingestion of food already contaminated by 
toxins. Sources of preformed toxin include certain bacteria, poisonous chemicals, heavy metals, 
and toxins found naturally in animals, plants, or fungi. Most illness from a preformed toxin 
originates from bacteria, such as Staphylococcus aureus, Bacillus cereus, and Clostridium 
botulinum. Illness from a preformed toxin manifests more rapidly than illness from an 
enterotoxin or infection. Incubation periods for illnesses from a preformed toxin range 
from 30 minutes to 24 hours. Signs and symptoms depend on the toxin ingested but 
commonly include vomiting. Other symptoms can range from nausea and diarrhea to 
interference with sensory and motor functions, such as double vision, weakness, respiratory 
failure, numbness, tingling of the face, and disorientation. Fever is rarely present. 
 
Infections result from growth of a microorganism in the body. Illness results from viruses, 
bacteria, or parasites invading the gastrointestinal tract, multiplying, and directly damage 
surrounding tissues. Virus such as norovirus and Hepatitis A; parasites such as Cyclospora and 
Cryptosporidium; and certain bacteria such as Salmonella, Campylobacter, Shigella and 
Listeria monocytogenes are associated with infection. The necessary growth of the 
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microorganism and subsequent damage of tissues generally takes some time.  Incubation 
periods for infections are days to weeks. Symptoms of infection usually include diarrhea, 
nausea, vomiting, abdominal cramps accompanied by fever. If an infectious agent spreads from 
the gut to the bloodstream, other organs (e.g., liver, spleen, gallbladder, bones, and meninges) 
can be affected, resulting in an illness of longer duration and increased severity. 
 
Infection and enterotoxin production occurs with certain bacteria. Incubation periods and 
symptoms are similar to infection. The primary cause of illness is due tissue damage 
associated with toxin production. Fever may be less likely with illness caused by enterotoxin. 
Enterohemorrhagic E. coli, Clostridium perfringens, and Bacillus cereus are generally 
associated with infection and enterotoxin production. 
  
Food Sources 
The food item suspected of causing foodborne illness can occasionally provide insight into the 
etiologic agent. This may be due to the food originating from an animal that serves as a 
reservoir for the microorganism or the characteristics of the food that provides conditions 
necessary for the survival and growth of the organism. Drawing inferences from food sources 
can be beneficial to ruling in certain foods but it must be used with caution as many foods can 
be associated with a variety of etiologic agents, and new food sources associated with a 
pathogen are identified frequently. Therefore, care must be taken in inferring the etiologic agent 
from the suspected food item. The following table provides source attribution information with 
commonly-associated foodborne illness pathogens.  
 

Food Item Commonly Associated Causative 
Agent 

Raw Seafood Vibrio spp., Hepatitis A virus, norovirus 
Raw eggs Salmonella - serotype Enteritidis 
Undercooked meat and poultry Salmonella and Campylobacter spp., Shiga 

toxin-producing Escherichia coli (STEC), 
Clostridium perfringens 

Unpasteurized milk or juice Salmonella, Campylobacter, and Yersinia 
spp., Listeria monocytogenes, STEC 

Unpasteurized soft cheeses Salmonella, Campylobacter, Listeria 
monocytogenes, STEC 

Home canned, low acid foods Clostridium botulinum 
Raw hot dogs, Deli meats Listeria monocytogenes 
Mackerel, Tuna, Bluefish Scombrotoxin (histamine fish poisoning) 
Mussels, Clams, Scallops Brevetoxin (neurotoxic shellfish poisoning) 
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A December 2017 report by the Interagency Food Safety Analytics Collaboration (IFSAC), a 
collaborative effort of the CDC, FDA, and the USDA-FSIS, focused on source attributions for 
illnesses associated with Salmonella, E. coli O157, Listeria monocytogenes, and 
Campylobacter. The report is based a data set of 1,043 outbreaks for which the source of each 
illness could be attributed to 17 food categories. Based on the data set, 638 outbreaks were 
caused or suspected to be caused by Salmonella, 203 by STEC, 26 by Listeria 
monocytogenes, and 60 by Campylobacter. The estimated Salmonella and Campylobacter 
illness were widely distributed across the food categories. Of the illness associated with 
Salmonella, approximately 75% of illnesses were attributed to seven food categories: seeded 
vegetables such as tomatoes (16.6%), eggs (11.5%), chicken (10.4%), other produce (9.8%), 
pork (9.3%), beef (9.1%), and fruits (8.9%). Of non-dairy illnesses associated with 
Campylobacter, approximately 71% were attributed to 4 food categories: chicken (29.2%), 
seafood other that fish (15.4%), seeded vegetables (13.8%), and vegetable row crops (12.9%).  
The source attribution data is much less distributed across food categories when comparing 
illnesses from E. coli O157 and Listeria monocytogenes. Of the illnesses associated with E. coli 

Instructional Note 

Use the information below to describe Slide 4-11. Key points to make are 
that the food source attribution for illnesses associated with E. coli O157 
and Listeria monocytogenes do not have much variability as 86% of 
illnesses associated with Listeria can be attributed to fruits (50%) and 
dairy (36%) and 80% of illnesses associated with E. coli can be attributed 
to vegetable row crops (42%) and beef (38%). 
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O157, 80% of the illnesses can be attributed to vegetable row crops (42.1%) and beef (37.9%). 
Of the illnesses associated with Listeria monocytogenes, 86.2% of the illnesses can be 
attributed to fruits (50.3%) and dairy (35.9%). 
 
Outbreak Investigation 

 

Throughout this course the term outbreak investigation will be used to describe the activities 
associated with detection and response. Another term that is used frequently is cluster 
investigation. Often used interchangeably, they have dissimilar meanings. A cluster is an 
aggregation of cases associated in place and time and may be considered unusual – generally 
higher than the number of cases expected.  

A cluster is an aggregation of cases associated in place and time and may be 
considered unusual – generally higher than the number of cases expected.  

A cluster refers to an increase, often sudden, in the number of cases of a disease above 
what is normally expected in a population. The use of the term outbreak is generally used 
when the source of disease is known. The Council of State and Territorial Epidemiologist 
(CSTE) have provided a specific definition to a foodborne disease outbreak as “an incident in 
which two or more persons experience a similar illness after ingestion of a common food, and 
epidemiologic analysis implicates the food as the source of the illness.  

A foodborne disease outbreak is an incident in which two or more persons 
experience a similar illness after ingestion of a common food, and epidemiologic 
analysis implicates the food as the source of the illness. - CSTE  

By its definition, a cluster will generally trigger an investigation. The basis of all foodborne illness 
investigations is to find the source and stop ongoing disease. When a source is identified, even 
a likely source, it is fitting to use the term outbreak to define the association of cases and 
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outbreak investigation to for the associated activities. The definition of outbreak may be linked to 
a statutory or policy requirement to respond with an investigation. This will be dependent of the 
jurisdiction.  

 

 

 

 

 

  

There may be certain instances when a response does not require an aggregation of similar 
cases (cluster) or two or more cases (outbreak). One such instance is a single case of botulism. 
Since botulism poses a significant health risk, prompt response to a single case is 
necessary to administer life-saving medical attention and remove product from 
distribution.  Vibrio parahaemolyticus infection and Scombrotoxin poisoning may elicit a 
similar response. 

Instructional Note 
Ask participants how an outbreak is defined within 
their jurisdiction and what triggers a requirement to 
respond. 
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As mentioned in the beginning of this module, foodborne illness outbreaks pose significant 
burden in the United States and world-wide. The goals of an outbreak investigation are 
multidimensional and have short-term and long-term impacts on this burden. The goals of an 
outbreak investigation are provided in the following list: 

• Identify the agent causing disease 
• Find the source of the outbreak 
• Take action to prevent additional cases of illness 
• Identify the cause of the outbreak 
• Implement short-term controls to eliminate the source 
• Establish institutional controls to prevent similar outbreaks 

 

 

Instructional Note 
This slide will appear with only the title. Ask 
participants to list the goals of an outbreak 
investigation. Capture the responses on an easel pad 
or white board. Advance the slide and go through the 
list without adding too much additional content. 
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Summary 

  

Coming Up Next 
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