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Estimates of foodbome illness can be used to direct
food safety policy and interventions. We used data from ac-
tive and passive surveillance and other sources to estimate
that each year 31 major pathogens acquired in the United
States caused 9.4 milion episodes of foodbome illness
(90% credible interval [Crl] 6.6-12.7 million), 55,961 hos-
pitalizations (30% Crl 39,534~75,741), and 1,351 deaths
(90% Crl 712-2,268). Most (58%) illnesses were caused
by norovirus, followed by nontyphoidal Salmenella spp.
). Clostridium perfiingens (10%), and Campylobacter
sp 9%). Leading causes of hospitalization were nonty-
phoidal Salmonella spp. (35%), norovirus (26%), Camp,
Iobacter spp. (15%), and Toxoplasma gondii (8%).
causes of death were nontyphoidal Salmonella spp. (28%),
T. gondii (24%), Listeria monocytogenes (19%), and norovi-
rus (11%). These estimates cannot be compared with prior
(1999) estimates to assess trends because different meth-
ods were used. Additional data and more refined methods
can improve future estimates.

timates of the overall mumber of episodes of foodbome

Iness are helpful for allocating resources and prior
tizing interventions. However, arriving at these estimates
is challenging because food may become contaminated
by many agents (e, a variety of bacteria, viruses, para-
sites, and chemicals), transmission can occur by nonfood
mechanisms (e.g., contact with animals or consumption of
contaminated water), the proportion of disease transmitted
by food differs by pathogen and by host factors (c.g. age
and immunity), and only a small proportion of illnesses
are confirmed by laboratory testing and reported to public
health agencies

Laboratory-based surveillance provides crucial infor-
mation for assessing foodbome disease trends. How
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Estimates of Foodborne lliness

Foodborne lliness Acquired in the
United States—Unspecified Agents
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In another article.
. major known pathogens

borne illness, resulting in 53.961 hospitalizations and 1351
deaths (7). (Hereafier., episodes of illness are referred to
as illnesses ) Although the number of illnes
these pathogens is substantial. these illnesses represent
only a subset of the total illnesses
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illness. but because of a paucity of data. the number of
agent-specific illaesses cannot be estimated. This category

spp.) and noninfectious agents
(e.g.. mushroom and marine biotoxins, metals, and other
inorganic toxins). Second, some known agents may not
be recognized as being transmitted in food. Detection o
Clostridium difficile in tetail meat products sus
it may sometimes be transmitted by that route (2). and
foodborne transmission of Trypanasoma spp. has receatly
been recognized in Brazil but not in the United States (3).
es. chemicals. and other substances known
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(ce.
tained quic

Additional agents of foodborne illness probably remain un-
described (8). This article provides estimates of foodbome
gastroenteritis illnesses, hospitalizations, and deaths in

known pathogens considered in our companion article (1)

Methods

We defined unspecified agents that cause
acute gastroenteritis but that were not included in our es-
timate of foodbome illness caused by 31 major known
pathogens (7). They include known agents with insuffi-
cient data for estimating agent-specific episodes of illness:
known agents not yet recognized as causing foodborne ill-
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Background
Why Estimating Foodborne llinesses?

A Small fraction are confirmed by lab testing

A Foods are contaminated by many agents

I some have no routine surveillance data, e.g.,
norovirus

A Agents transmitted by food are also
transmitted by water, animals, and
between people

A Important proportion likely caused by
unknown agents



Background
Foodborne illness estimates

ACDC first published comprehensive
estimates in 1999 (Mead et al.)
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Methods and Estimates
31 known pathogens
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31 pathogens transmitted through food

BACTERIAL Vibrio cholerae

Bacillus cereus Vibrio vulnificus

Brucella spp. Vibrio parahaemolyticus
Campylobacter spp. Vibrio spp., other
Clostridium botulinum Yersinia enterocolitica
Clostridium perfringens PARASITIC

E. coli 0157, Shiga toxin-producing Cryptosporidium parvum
E. coli non-O157 STEC Cyclospora cayetanensis
E. coli, enterotoxigenic Giardia intestinalis

E. coli, diarrheagenic other Toxoplasma gondii
Listeria monocytogenes Trichinella spp.
Mycobacterium bovis VIRAL

Salmonella, non-typhoidal Astrovirus

Salmonella serotype Typhi Hepatitis A

Shigella spp. Norovirus
Staphylococcus aureus Rotavirus

Streptococcus spp., Group A Sapovirus



25 pathogens with survelillance data

BACTERIAL Vibrio cholerae

Bacillus cereus Vibrio vulnificus

Brucella spp. Vibrio parahaemolyticus
Campylobacter spp. Vibrio spp., other
Clostridium botulinum Yersinia enterocolitica
Clostridium perfringens PARASITIC

E. coli 0157, Shiga toxin-producing Cryptosporidium parvum
E. coli non-0O157 STEC Cyclospora cayetanensis
E. coli, enterotoxigenic Giardia intestinalis

E. coli, diarrheagenic other Toxoplasma gondii
Listeria monocytogenes Trichinella spp.
Mycobacterium bovis VIRAL

Salmonella, non-typhoidal Astrovirus

Salmonella serotype Typhi Hepatitis A

Shigella spp. Norovirus
Staphylococcus aureus Rotavirus

Streptococcus spp., Group A Sapovirus



For pathogens with surveillance
data available

[

We know the number of
reported illnesses

p
We want to estimate number

of domestically acquired
foodborne illnesses
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To estimate Illnesses

A Adjusted for
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How did we estimate illnesses for the
pathogens with no surveillance data?

A Very different approach for
Toxoplasma and most
viruses than for bacteria

I began with a US population
(e.g., birth cohort, or
persons with acute
gastroenteritis)

I scaled down to estimate
number of illnesses

number of illnesses



Annual estimate of domestically acquired foodborne illness

llinesses for 31 known pathogens

llinesses
Mean (millions) 90% credible interval
Viruses 5.5 3.3-84
Bacteria 3.6 2.3-5.6
Parasites 0.2 0.2-0.4

Total 9.4 6.6-12.7



Annual estimate of domestically acquired foodborne illness

llinesses for 31 known pathogens

A Four pathogens account for 88% of ilinesses
caused by known pathogens

qhorovirus, Salmonella, C. perfringens, Campylobacter

A Norovirus accounts for 58% of all illnesses
caused by known pathogens



Hospitalizations and deaths

A Estimated proportions using data from
surveillance and outbreaks

A Applied to estimated number of laboratory-
confirmed ilinesses

A Adjusted for under-diagnosis



Annual estimate of domestically acquired foodborne illness

Hospitalizations for 31 known pathogens

Hospitalizations

Mean 90% credible interval
Bacteria 35,796 21,519-53,414
Viruses 15,284 8,719-23,962
Parasites 4,881 3,060-7,146
Total 55,961 39,534-75,741



Annual estimate of domestically acquired foodborne illness

Hospitalizations for 31 known pathogens

A Five pathogens account for 88% of
hospitalizations caused by known pathogens

t1Salmonella, norovirus, Campylobacter, Toxoplasma,
E. coli O157

A Salmonella accounts for 35% of all
hospitalizations caused by known pathogens

A Norovirus accounts for 25% of all hospitalizations
caused by known pathogens



Annual estimate of domestically acquired foodborne illness

Deaths for 31 known pathogens

Deaths
Mean 90% credible interval
Bacteria 861 260-1,761
Parasites 333 205-488
Viruses 157 91-245
Total 1,351 712-2,268



Annual estimate of domestically acquired foodborne iliness

Deaths for 31 known pathogens

A Five pathogens account for 88% of deaths
71 Salmonella, Toxoplasma, Listeria, norovirus, and
Campylobacter

A Salmonella accounts for 28% of all deaths
caused by known pathogens

A Toxoplasma accounts for 24% of all deaths
caused by known pathogens



Annual estimate of domestically acquired foodborne illness

llinesses, hospitalizations, and deaths
caused by 31 known pathogens

31 Pathogens

Mean 90% credible interval
lliInesses (millions) 9.4 6.6-12.7
Hospitalizations 55,961 39,534-75,741

Deaths 1,351 712-2,268



Methods and Estimates
Unspecified Agents
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Data sources

A Episodes of acute gastroenteritis
1 FoodNet Population Surveys

A Acute gastroenteritis hospitalizations
7 National Hospital Discharge Survey
7 Nationwide Inpatient Sample

7 National Ambulatory Medical Care Surveys
A Acute gastroenteritis deaths

7 Multiple cause-of-death data



Estimating gastroenteritis illness
caused by unspecified agents

AEstimate of acute [FHERS KR (RS M- (RS (KR~
gastroenteritis
IliInesses (AGI)

Diagram is not to scale






