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ABSTRACT 

Accurate estimates of disease burden are the foundation of sound public 

health policy. To better quantify the morbidity and mortal i t y associated with 

foodborne diseases i n the United States, we compiled and analyzed information 

from a wide v a r i e t y of surveillance systems, including data from the recently 

developed Foodborne Diseases Active Surveillance Network. Overall, foodborne 

diseases cause 76 m i l l i o n illnesses, 350,79^ hospitalizations aiid 4,981 deaths 

i n the United States each year. Known pathogens a c c o u E ^ f o i ^ ^ m i l l i o n 

foodborne i l l n e s s , 67,614 hospitalizations and^s54 ̂ f f l ^ ^ ^ ^ T h r e e pathogens. 

Salmonella, L i s t e r i a , and Toxoplasma, are i^K>onsibl£«o^^^^ftR% ofdj^&ths 

caused by foodborne transmission of known W^ t f ae&i - A l a r a ^ i m H B R l o n of 

foodborne i l l n e s s i s caused by agents which^HHiDte. yet been i d e n t i f i e d . 
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rv. O v e r a l l Burden of Foodborne I l l n e s s 

To determine the t o t a l burden of foodborne i l l n e s s , we summed the burden 

of i l l n e s s a t t r i b u t a b l e t o foodborne g a s t r o e n t e r i t i s caused by known pathogens 

and unknown agents, y i e l d i n g an estimate of 76 m i l l i o n i l l l n e s s e s , 345.910 

h o s p i t a l i z a t i o n s , and 4,103 deaths due foodborne g a s t r o e n t e r i t i s (Figure i ) . 

Adding t o these f i g u r e s the burden associated w i t h n o n - g a s t r o i n t e s t i n a l 

i l l n e s s caused by L i s t e r i a , Toxoplasma, and .^Hepatitis A (Table S) , we a r r i v e d 

at a f i n a l n a t i o n a l estimate of 76 m i l l i o n i l l n e s s e s , 

h o s p i t a l i z a t i o n s , and 4,981 deaths each year. 

i o n 

DISCUSSION 

Previous estimates of foodborne i l l n e s s 1 

widely. Since 1985, d i f f e r e n t authors ha 

foodborne i l l n e s s a t 24-81 m i l l i o n 

9,000 deaths ( 3 ) , 12.5 m i l l i o n i 

i l l n e s s e s (5) nationwide. A 

among these f i g u r e s stems 

example, t^e estimat 

only tqASSHSSHki-iine' 

estimate 

TechnolO 

known adJPr unknown 

fnited States have v a r i e d 

annual burden of 

i l l n e s s e s w i t h 

hs ( 4 ) , and 33 m i l l i o n 

ed, p a r t of thQ d i s p a r i t y 

the e n t i t y being estimated. For 

^s derived by Bennett et a l . r e f e r s 

h i n f e c t i o u s agents, whereas the 

the Council f o r A g r i c u l t u r a l Science and 

r o i n t e s t i n a l i l l n e s s e s caused by a l l agents, 

us and n o n i n f e c t i o u s , 

he burden of foodborne i l l n e s s d i f f e r from p r e v i o u s l y 

several respects. For known pathogens, our estimate of 

sses i s n e a r l y t h r e e f o l d higher than the previous estimate 
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of 6 m i l l i o n i l l n e s s e s per year derived by Bennett e t a l . ( 3 ) . Most of t h i s 

d i f f e r e n c e i s due t o our i n c l u s i o n of foodborne i l l n e s s caused by Norwalk-like 

v i r u s e s . S i m i l a r l y , f o r foodborne i l l n e s s of a l l e t i o l o g i e s , our estimate of 

76 m i l l i o n cases i s considerably higher than the 33 m i l l i o n cases estimated i n 

the CAST r e p o r t ( 5 ) . Notably, the CAST estimate assumes t h a t 35% of a l l 

g a s t r o e n t e r i t i s cases r e s u l t e d from foodborne transmission, a percentage t h a t 

i s s i m i l a r t o the one developed here. The d i s p a r i t y between these two 

estimates r e f l e c t s d i f f e r e n c e s i n the estimated 

g a s t r o e n t e r i t i s overall.- 99 m i l l i o n cases a 

m i l l i o n f o r our estimate. 

I n c o n t r a s t t o our f i g u r e s f o r t o t a l 

are g e n e r a l l y lower than previous studies 

i l l n e s s causes 4,981 deaths annually (1,8 

agents and 3,127 deaths of unknown 

h a l f of the 9,000 deaths estimat 

estimate i n c l u d e d 2,100 deat 

staphylococcal food poiso 

f o r a l l t h j ^ e o f thes. 

rates 

imates 

ited t h a t foodborne 

known i n f e c t i o u s 

i s s l i g h t l y over 

3 ) . This previous 

Triosis, 1,200 deaths due t o 

LS due t o t r i c h i n o s i s : our t o t a l 

Our estimated c a s e - f a t a l i t y 

ses a r l T a l s o lower than those used i n the Bennett 

a. are a v a i l a b l e , or perhaps because treatment 

.r estimates and p r e v i o u s l y published f i g u r e s are 

of b e t t e r i n f o r m a t i o n and new analyses r a t h e r than r e a l 

frequency over time. For example, B. c o l l 0157:H7 was 

t o cause 10,000 t o 20,000 i l l n e s s e s annually. This 
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estimate was based p r i n c i p a l l y on studies of p a t i e n t s v i s i t i n g a p h y s i c i a n f o r 

d i a r r h e a . Recent FoodNet data have allowed a more d e t a i l e d e s t i m a t i o n of m i l d 

i l l n e s s e s not r e s u l t i n g i n phy s i c i a n c o n s u l t a t i o n . Our estimate of n e a r l y 

74,000 i l l n e s s e s each year incorporates these milder i l l n e s s e s and should not 

be misconscrued as demonstrating a sudden surge i n E. c o l i Ol57:H7 i n f e c t i o n s . 

With respect t o the o v e r a l l frequency of d i a r r h e a l i l l n e s s , d i f f e r e n c e s , 

i n methodology make i t d i f f i c u l t t o compare ^recent FoodNet d a t a ^ / i t h e a r l i e r 

data from the Tecumseh and Cleveland studies. N e v e r t h e j ^ s , ifflpkers o f disease 

s e v e r i t y suggest t h a t episodes of d i a r r h e a l iJ^gaeB * ^ ^ ^ ^ ^ ^ i n the FoodNet 

and the Tecumseh studies were comparable w i ^ F r e g a r d ^ O O T ^ ^ ^ ^ ^ ^ a c t y O T t y 

r e s t r i c t i o n and the presence of fever (H. s H j ^ a M ^ m a n n a c r ^ ^ H ^ ^ ^ 

prep a r a t i o n ) . Age-adjusted rates of d i a r r h e f l ^ ^ ^ ^ p m e w h a t higher i n the 

FoodNet survey p o p u l a t i o n , but the r a t e o J * P d i a r ^ H ^ ^ ^ ^ y o m i t i n g , arguably a 

more robust measure of g a B t r o i n t e s t i p m l l M , w a ^ H B ^ i t l y lower (Table 2) . 

While i t i s d i f f i c u l t t o concludemwith c j S R S H f f l ^ ^ y i ^ ^ r a t e s of d i a r r h e a l 

i l l n e s s have increased since JffiE latejSvGO' s ] ] H ^ r t h e Tecumseh study was 

conducted, there i s no" evitjWfce t o ^ K g g e s t Jmat they have decreased 

s i g n i f i c a n ^ y . ConseaAarffiEy, o u i j ^ ^ f e g f f l a l r e l i a n c e on data from the 

Te cums 'jg*W|j|B s u r f i ^ f f l f f l ^ ^ ^ h a v e T a l s e l y elevated our estimates of 

gaatrointes^HMal^^^ness^WHB^^ 

The gg^Wga^KBmtej-c e^amates developed here harbor several notable 

f i n & i j f f l s . Norwalk-'fflfflHPruses (NLV) account f o r over 75% of a l l cases of 

fooS&jrne i l l n e s s e s f e n d 42% of r e l a t e d h o s p i t a l i z a t i o n s , but o n l y 8% of 

f f l g f f l a t i e s . camsfflobacter and Salmonella are other important causes of 

^^ij^TOmMiM^^^' a n c l L i s t e r i a , Salmonella, and Toxoplasma are the leading 
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causes of m o r t a l i t y . I t should be noted t h a t a l a r g e number of deaths due t o 

toxoplasmosis occur among p a t i e n t s i n f e c t e d w i t h the human immunodeficiency 

v i r u s (HIV). I n t h i s respect, advances i n HIV treatment are l i k e l y t o have 

g r e a t e r impact on m o r t a l i t y due t o toxoplasmosis than are e f f o r t s t o prevent 

toxoplasmosis i n f e c t i o n . 

Our a n a l y s i s has several l i m i t a t i o n s . F i r s t , w i t h the exception of a few 

pathogens (see appendix), we have not estimated the burden of chronic sequela, 

although t h i s may be an important p a r t of the o v e r a l l i&cdend&^Second, because 

of a p a u c i t y of s u r v e i l l a n c e i n f o r m a t i o n , we 

estimates f o r some known, oc c a s i o n a l l y foo< 

Plesiomonas, Aeromonas, or sdwardsiella;, 

estimates f o r known no n i n f e c t i o u s agents su' 

metals and other inorganic t o x i n s . Many 

and are t h e r e f o r e captured i n our 

i l l n e s s . T h i r d , d i f f e r e n c e s i n 

using the same method f o r es 

v i r a l pathogens. Fourth, 

foodborne JwransmissioBMLcSy i n d i v 

•oom or marine b i o t o x i n s , 

cause g a s t r o e n t e r i t i s 

r o i n t e s t i n a l 

on prevented us from 

1 b a c t e r i a l , p a r a s i t i c , 

l e on the r e l a t i v e frequency of 

, and w e l l documented estimates 

i n g are not a v a i l a b l e f o r most pathogens. We 

;ed to^NSSSSBHSHkmultipliers d e r i v e d f o r Salmonella other 

meraWon of m o r t a l i t y estimates i s based on somewhat 

ough we be l i e v e our assumptions t o be reasonable or 

t u r e research may r e f i n e these assumptions and allow f o r 

t e s . F i n a l l y , because a very l a r g e number of i l l n e s s e s are 

'orwalk-like viruses (NLV), the data f o r these agents have a 
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major e f f e c t on our o v e r a l l estimates. For example, i f the a c t u a l number of 

cases of NLV i n f e c t i o n s due t o foodborne transmission i s 30% r a t h e r than 40%, 

our o v e r a l l estimate would decrease from 76 m i l l i o n cases per year t o 62 

m i l l i o n cases per year. 

Addressing these l i m i t a t i o n s w i l l r e q u i r e continued and r e f i n e d a c t i v e 

s u r v e i l l a n c e a c t i v i t i e s . Beginning i n 1998, the FoodNet p o p u l a t i o n survey was 

modified t o capture cases of vomiting not associated w i t h d i a r r h e a , and 

f u r t h e r adjustment t o capture concomitant r e s p i r a t o r y ^ t o p t o ^ ^ s h o u l d enhance 

the u t i l i t y of the FoodNet survey data. W i t l ^ g g l i t i ^ ^ ^ ^ ^ m a i c a l d i a g n o s t i c 

capacity, s u r v e i l l a n c e e f f o r t s should be ah^p t o e s t J r o a t ^ e e o & r 

u n d e r r e p o r t i n g f o r a d d i t i o n a l diseases, an^ffi^rssEne e s t i m a t ^ ^ ^ ^ ^ ^ h e 

p r o p o r t i o n of s p e c i f i c diseases t h a t are t r ^ B f f l H f e i through food. Heightened 

s u r v e i l l a n c e f o r acute, n o n i n f e c t i o u s fooaBiorne a^^BB^^such as mushroom 

poisoning and other i l l n e s s e s cause ^MOMMfel 2 1 5 covrl^^fiarther improve 

estimates of the burden of foodb^ffie i 1 j J ^ f j S j H ^ f i f i S f f n c y department-based 

s u r v e i l l a n c e systems (30) or j j f c s o n caOTtrol t^^Wr-based s u r v e i l l a n c e may 

provide a way of obt a i n i n g ^ K K s t y ^ w o f inf^Bmation. F i n a l l y , our estimates 

suggest thgkt a substaiamirffly pynpndM^g]pjffi|MEoQflbQrne i l l n e s s i s of unknown or 

' "'^^T^Bfflfffwhi3"'^''^ aT?'m~i-a are needed t o i d e n t i f y new causes of 

e n t e r i c illHBBBBBBML t o dlSggggggte p u b l i c h e a l t h s i g n i f i c a n c e of known agents 

(e.g., ent^tSffWMJMm^lPWPfr3 E . "S551i) whose r o l e as pathogens i n t h i s country i s 

c u r r e i 

unreco 
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Figure 1. Estimated frequency of foodborne gastroenteritis in the United States, 
1997 

Acute gastroenteritis 
211 million cases 
990,253 hospitalizations 
6,402 deaths 

Known pathogens 
47 million cases 
181,153 hospitalizations 
1,516 deaths 

Foodborne transmission 
17 million cases 
62,725 hospitalizations 
976 deaths 

Unknown agents 
164 million cases 
809,100 hospitalizations 
4,886 deaths 

X 36% for cases 
X 35% for hospitalizations 
X 64% for deaths 

Foodborne transmission 
59 million cases 
283,185 hospitalizations 
3,127 deaths 

Jotal foodborne gastroenteritis 
76 million cases 
345,910 hospitalizations 
4,103 deaths 
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