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Foodborne disease outbreaks in United States

schools
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PATRICIA M. GRIFFIN, MD AND PAUL S. MEAD, MD, MPH

Background. The objective of this study was to
describe the epidemiology of foodborne disease
outbreaks in schools and to identify where pre-
ventive measures could be targeted.

Methods. Reports by state and local health de-
partments of foodborne disease outbreaks occur-
ring in primary and secondary schools, colleges
and universities from January 1, 1973, through
December 31, 1997, were reviewed. Data from ill
persons identified through foodborne outbreak
investigations and subsequently reported to the
Centers for Disease Control and Prevention in
the Foodborne Outbreak Surveillance System
were examined. The number and size of food-
borne disease outbreaks, as well as the etiologic
agents, food vehicles of transmission, site of food
preparation and contributing factors associated
with outbreaks were also examined.

Results. From 1973 through 1997, states and
local health departments reported 604 outbreaks
of foodborne disease in schools. The median
number of school outbreaks annually was 25
(range, 9 to 44). In 60% of the outbreaks an
etiology was not determined, and in 45% a spe-
cific food vehicle of transmission was not deter-
mined. Salmonella was the most commonly iden-
tified pathogen, accounting for 36% of outbreak
reports with a known etiology. Specific food ve-
hicles of transmission were epidemiologically
identified in 333 (55%) of the 604 outbreaks. The
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most commonly implicated vehicles were foods
containing poultry (18.6%), salads (6.0%), Mexi-
can-style food (6.0%), beef (5.7%) and dairy prod-
ucts excluding ice cream (5.0%). The most com-
monly reported food preparation practices that
contributed to these school-related outbreaks
were improper food storage and holding temper-
atures and food contaminated by a food handler.

Conclusions. Strengthening food safety mea-
sures in schools would better protect students
and school staff from outbreaks of foodborne
illness. Infection control policies, such as train-
ing and certification of food handlers in the
proper storage and cooking of foods, meticulous
hand washing and paid sick leave for food han-
dlers with gastroenteritis, could make meals
safer for American students.

INTRODUCTION

Each weekday millions of American students eat
meals prepared and served at school.!™® In fiscal year
2000 >27.4 million children each day got their lunch
through the National School Lunch Program.* Al-
though numerous foodborne disease outbreaks in
schools have been reported,”™! the extent of these
outbreaks has not been systematically described. To
better define the epidemiology of these outbreaks and
thus identify areas where prevention might be im-
proved, we reviewed data on outbreaks of foodborne
disease in schools reported to the CDC from 1973
through 1997. A summary of foodborne disease out-
breaks was published for years 1993 through 1997.12
The present report summarizes data for foodborne
disease outbreaks in schools reported to CDC from
1973 through 1997 and describes trends in pathogens
and food vehicles that emerged during the 25-year
period.

METHODS

Since 1973 CDC has maintained a collaborative,
passive surveillance program for collection and report-
ing of data on foodborne disease outbreaks investigated
by health departments. For surveillance purposes a
foodborne outbreak is defined as two or more cases of
similar illness resulting from the ingestion of a com-
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mon food. Before 1992 three exceptions existed to this
definition: only one case of botulism, chemical or ma-
rine toxin intoxication was required to constitute a
foodborne disease outbreak; but since 1992 two or more
cases have been required. Outbreaks are voluntarily
reported to CDC on a standard reporting form filled out
by state or local health departments after completion of
an outbreak investigation. Foodborne disease outbreak
reports include data on numbers of persons who were
ill, were hospitalized and died. They also include data
on symptoms, incubation period, duration of illness,
implicated food vehicles, setting or location of the
outbreak and pathogens confirmed by laboratory tests.
Food preparation and handling practices thought to
have contributed to the outbreak are also reported.
Outbreaks of known etiology were those for which
laboratory evidence of a specific agent was obtained.
Outbreaks of unknown etiology were those for which
epidemiologic evidence implicated foodborne transmis-
sion, but there was insufficient information to deter-
mine the etiologic agent. Outbreaks with known vehi-
cle refer to those in which a specific food item was
epidemiologically associated with illness.

We reviewed the number and size of foodborne dis-
ease outbreaks occurring in primary and secondary
schools, colleges and universities between January 1,
1973, and December 31, 1997, and approved by the
CDC by January 1, 2000. The etiologic agents, food
vehicles of transmission, site of food preparation and
contributing factors associated with outbreaks were
reviewed. An epidemiologist or statistician at CDC
reviewed each foodborne disease report.

RESULTS

Number and size of outbreaks. From 1973
through 1997, the median number of annual outbreaks
was 25 (range, 9 to 44; Fig. 1), and the median number
of ill persons per reported outbreak was 42 (range, 1 to
1000). In total, outbreaks in schools resulted in 49 963
illnesses, 1514 hospitalizations and 1 death. An etio-
logic agent was reported for 240 (40%) of the 604
outbreaks (Table 1). Of those outbreaks with a known
etiology, bacterial pathogens caused the largest per-
centage of outbreaks (85%) and of ill persons (93%),
followed by chemical agents (7% of outbreaks), viral
agents (6% of outbreaks) and parasitic pathogens (1%
of outbreaks).

Etiologic agents. Among outbreaks with a known
etiology, Salmonella was the most commonly identified
pathogen, accounting for 87 (36%) of 242 outbreaks,
7529 (37%) of 20 476 illnesses and 484 (48%) of 998
hospitalizations. The serotype was not determined in 6
Salmonella outbreaks, and multiple serotypes were
identified in 4. Among the remaining 77 outbreaks in
which a single serotype was reported, 38 (49%) were
caused by Salmonella serotype Enteritidis and 21
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Fic. 1. Number of foodborne disease outbreaks with known
and unknown etiology in US schools by year, 1973 through 1997.
M, unknown etiology; [J known etiology.

(27%) by Salmonella serotype Typhimurium. Salmo-
nella serotype Enteritidis accounted for 153 (32%) of
484 hospitalizations for salmonellosis, more than any
other serotype. Six (43%) of the 14 Salmonella serotype
Enteritidis outbreaks in which 1 vehicle was identified
were associated with consumption of eggs or egg-
containing foods, whereas 4 (29%) were associated with
poultry.

Sixty outbreaks (25% of outbreaks with a known
cause) were caused by enterotoxin produced by Staph-
ylococcus aureus. Overall staphylococcal food poisoning
resulted in 6591 illnesses and 319 hospitalizations.
Meat or poultry was implicated in 32 (87%) of the 37
staphylococcal outbreaks in which a single vehicle was
identified. Enterotoxin made by Clostridium perfrin-
gens caused 25 outbreaks (11% of outbreaks with a
known cause), 2165 illnesses and no hospitalizations.

Other bacterial causes of >1 outbreak included Shi-
gella species (nine outbreaks), Campylobacter species
(eight outbreaks), Bacillus cereus (six outbreaks),
Escherichia coli O157:H7 (five outbreaks) and group A
Streptococcus (two outbreaks). Bacteria causing a sin-
gle outbreak each were Vibrio parahaemolyticus and
Yersinia entercolitica, which had the highest case hos-
pitalization rate (CHR) of 17.5%. The 5 outbreaks due
to E. coli O157:H7 caused illness in 156 persons and 14
hospitalizations, yielding a CHR of 9%.

Fourteen outbreaks were reportedly caused by vi-
ruses. Among these hepatitis A caused 9 outbreaks,
232 illnesses and 12 hospitalizations for a CHR of 5.2%.
Norwalk-like viruses accounted for the remaining 5
viral outbreaks, affecting a total of 804 persons and
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TABLE 1. Foodborne disease outbreaks in schools, by etiologic agent, United States, 1973 through 1997

No. of Outbreaks No Hospitalization
Agent No. Il Hosnit '1. d Rate/100
Total 1973-1989 1990-1997 ospitahize Tlinesses
Bacterial
Salmonella (all) 87 (14.4)* 62 25 7529 (15.1) 484 (32.0) 6.4
Enteritidis 38 (6.3) 23 15 2197 (4.4) 153 (10.1) 6.9
Typhimurium 21(3.5) 20 1 1650 (3.3) 128 (8.4) 7.8
Heidelberg 6(1.0) 3 3 814 (1.6) 26 (1.7) 3.2
Reading 3(0.5) 2 1 714 (1.4) 76 (5.0) 10.6
Newport 2(0.3) 2 0 295 (0.6) 2(0.1) 0.7
Agona 1(0.2) 1 0 303 (0.6) 27(1.8) 8.9
Montevideo 1(0.2) 0 1 13 (0.03) 1(0.06) 7.7
Staphylococcus aureus 60 (9.9) 48 12 6591 (13.2) 319 (21.1) 4.8
Clostridium perfringens 25 (4.1) 16 9 2165 (4.3) 0 0
Shigella 9 (1.5) 6 3 1040 (2.1) 82 (5.4) 7.9
Campylobacter 8(1.3) 5 3 279 (0.6) 4(0.3) 1.4
Bacillus cereus 6 (1.0) 5 1 390 (0.8) 4(0.3) 1.0
Escherichia coli O157:H7 5(0.8) 2 3 156 (0.3) 14 (0.9) 9.0
Streptococcus group A 2(0.3) 1 1 337 (0.7) 0 0
Streptococcus 2(0.3) 2 0 119 (0.2) 4(0.3) 3.4
Vibrio parahaemolyticus 1(0.2) 1 0 8(0.0) — —
Yersinia entercolitica 1(0.2) 1 0 286 (0.6) 50 (3.3) 175
Other bacteria 1(0.2) 1 0 37(0.1) 0 0
Viral
Hepatitis A 9 (1.5) 5 232 (0.5) 12(0.8) 5.2
Norwalk-like virus 5(0.8) 2 3 804 (1.6) 2(0.1) 0.2
Chemical
Chemical (non-heavy metal) 8(1.3) 7 1 98 (0.2) 4(0.3) 4.1
Heavy metals 7(1.2) 7 0 326 (0.7) 16 (1.1) 4.9
Parasitic
Giardia lamblia 2(0.3) 2 0 71(0.1) 1(0.1) 1.4
Other
Mushroom poisoning 1(0.2) 1 0 2(0.0) 0 0
Scombroid 1(0.2) 1 0 6 (0.0) 6(0.4) 100
Unknown etiology 364 (60.3) 269 95 29 487 (59.0) 516 (34.1) 1.7
Total 604 (100.0) 444 160 49 963 (100.0) 1514 (100.0) 3.0

* Numbers in parentheses, percent.

resulting in 2 hospitalizations (CHR of 0.2%). Other
causes of outbreaks included Giardia lamblia (2 out-
breaks and 71 illnesses), heavy metals (7 outbreaks
and 326 illnesses), other chemicals (8 outbreaks and 98
illnesses), scombroid fish poisoning and mushroom
poisoning (1 outbreak each).

Of 364 outbreaks of undetermined etiology, data on
both symptoms and duration of illness were available
for 155. The symptoms included abdominal cramps in
60% of outbreaks, vomiting (56%), diarrhea (52%) and
headache (19%). Forty (26%) of the 155 outbreaks of
undetermined etiology were characterized by vomiting
in at least 50% of cases, duration of illness of 12 to 60 h
for the majority of ill persons and an incubation period
of 24 to 48 h, suggesting infection caused by Norwalk-
like viruses. Nineteen (12%) other outbreaks of unde-
termined etiology were possibly caused by staphylococ-
cal enterotoxin or B. cereus emetic toxin because they
had estimated incubation periods of 6 h or less and
vomiting in at least 80% of cases.

Food vehicles. Specific food vehicles of transmis-
sion were epidemiologically implicated in 333 (55%) of
the 604 outbreaks. Multiple food items were statisti-

cally linked to illness in 115 (34.5%) of these outbreaks
with a known vehicle. In many of these outbreaks,
illness may have been cause by a single item, but this
item could not be singled out because most ill persons
ate many of the same foods. For the 7 Salmonella
serotype Enteritidis outbreaks with multiple vehicles,
4 of the 7 were associated with egg- or poultry-
containing foods (e.g. Monte Cristo sandwiches, ber-
naise sauce and turkey salad). For the S. aureus
outbreaks with multiple vehicles, 9 did not have food
types specified, 4 involved pasta dishes (1 with a meat
sauce) and 2 others involved canned meat.

Overall the most frequently implicated single vehi-
cles were foods containing poultry (18.6%), salads
(6.0%), Mexican-style food (6.0%), beef (5.7%) and dairy
products excluding ice cream (5.0%) (Table 2). The
dairy products category includes milk, cheese and un-
specified dairy products. Seventy percent of the poul-
try-related outbreaks were attributed to turkey. Tur-
key-associated outbreaks have become less common,
however, given that only 2 (5%) of 38 turkey-associated
outbreaks occurred during the years 1990 through
1997. Outbreaks caused by contaminated dairy prod-
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TABLE 2. Number of school foodborne disease outbreaks
and cases with known vehicle, by food vehicle, 1973
through 1997

No. of Outbreaks

Vehicle Total Cases
Multiple vehicles 115 13 865
Turkey 38 4432
Mexican-style food 20 17
Other salad* 20 2095
Beef 19 1543
Poultry, fish or egg salad 17 2784
Ham 13 791
Chicken 12 990
Milk 11 1660
Baked foods 10 146
Fruits and vegetables 9 689
Ice cream 8 285
Nondairy beverages 8 399
Unknown meat 8 1210
Potato salad 5 224
Cheese 4 184
Fish 4 100
Eggs 4 195
Pork 2 284
Shellfish 2 36
Carbonated drinks 1 12
Chinese-style food 1 6
Mushrooms 1 2
Unknown dairy 1 22
Total 333 33 738

* Salads not including poultry, fish, egg or potato.

ucts have also become less common, with only 2 (10%)
of the 21 dairy-associated outbreaks occurring after
1990. Conversely outbreaks caused by salads have
increased considerably.

Site of preparation and contributing factors.
The site of food preparation was indicated for 597
outbreaks: in 460 (77%) foods were prepared on school
premises; in 42 (8%) foods were prepared at a private
home; in 29 (5%) foods were prepared by a caterer; and
in 22 (4%) foods were prepared at a restaurant. The
remaining 37 outbreaks were attributed to foods pre-
pared in dormitories, fraternities, dairies and a wide
variety of other settings. The most commonly reported
food preparation practices that the local investigator
thought may have contributed to these school-related
outbreaks were improper storage and holding temper-
atures in 234 (81%) of 290 outbreaks, likely contami-
nation by a food handler in 115 (57%) of 203 outbreaks,
inadequate cooking in 86 (43%) of 202 outbreaks,
contaminated equipment in 58 (35%) of 165 outbreaks
and food obtained from unsafe sources in 20 (11%) of
176 outbreaks.

DISCUSSION

Between 1973 and 1997, >600 foodborne disease
outbreaks in schools were reported to CDC. These
outbreaks resulted in nearly 50 000 illnesses, >1500
hospitalizations and 1 death. This represents ~5% of
all foodborne disease outbreaks and 12% of all out-
break-associated cases reported to CDC. The three
most commonly identified etiologic agents were Salmo-
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nella, S. aureus and C. perfringens. The percentage of
outbreaks of known etiology due to Salmonella sero-
type Enteritidis increased over the surveillance period,
whereas the percentage caused by S. aureus decreased.
Other notable trends include an 8-fold decrease in the
percentage of outbreaks due to turkey, a 3-fold increase
in outbreaks linked to salads and a decline in the
number of milk-associated outbreaks. Whether these
changes reflect variation in the relative safety of these
items, a change in dietary habits or both cannot be
determined with certainty from these data. Neverthe-
less some of the changes may be attributed to fewer
tours of milk dairies and raw milk tastings and a large
increase in the number of salads consumed.

The majority of outbreaks with known vehicles were
caused by foods prepared on school premises. Therefore
prevention efforts should focus on school-based inter-
ventions. Practices identified as contributing to out-
breaks in schools include improper refrigeration, pro-
longed handling and inadequate reheating of cooked
foods.” Following established food safety guidelines on
food preparation, handling, storage and service can
greatly reduce the risk of foodborne disease out-
breaks.!3-15 All meat and poultry should be thoroughly
cooked, cooked foods not used immediately should be
rapidly chilled to refrigeration temperature (<40°F)
and cross-contamination of cooked foods with raw foods
should be avoided. Because shell eggs are an important
vehicle for Salmonella serotype Enteritidis,'® it is par-
ticularly important that shell eggs be thoroughly
cooked (>160°F), that the temperature of egg-
containing products be carefully monitored and that
devices used to mix or prepare raw eggs be regularly
disassembled, cleaned and sanitized. Pasteurized eggs
should be used for all meals requiring large quantities
of pooled eggs and are the best choice for all recipes
containing eggs.

Several outbreaks in schools have been attributed to
contamination of food by food-handlers who worked
while il1® 1! or had poor personal hygiene.!” *® In our
review of reported foodborne outbreaks in school, 57%
of outbreaks were attributed to likely contamination by
a food-handler. The adoption of a work policy that
includes paid leave for food handlers with gastroenter-
itis would probably increase compliance with illness-
related work exclusion policies. Training and certifying
all food handlers in school cafeterias in specific tech-
niques, such as good personal hygiene, adequate hand
washing, proper cooling and reheating of foods and
methods of preventing cross-contamination between
cooked and raw foods, would also likely reduce the
incidence of foodborne disease outbreaks.'®

In addition to promoting proper food handling and
hygiene practices among school employees, it is impor-
tant that schools purchase foodstuffs that have been
produced safely. Purchase contracts for meat, poultry
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and eggs often have not stipulated food safety crite-
ria.?° Requiring such foods to be produced under Haz-
ard Analysis and Critical Control Point (HACCP) or
egg quality assurance plans that meet microbiologic
performance requirements would be an important ad-
dition to school food safety. During school year 2000 the
US Department of Agriculture (USDA), which annu-
ally purchases >100 million pounds of beef products for
the National School Lunch Program and other federal
food and nutrition programs, began requiring that
ground beef purchased through the program test neg-
ative for both E. coli 0157:H7 and Salmonella.>* How-
ever, USDA directly provides only a small percentage
of food served in schools. School food authorities pur-
chase 83% of the food served in school lunch programs
and all of the food served in school breakfast pro-
grams.?’ Additional efforts to assure the purchase of
safe food stuffs may be an important step, although the
extent to which this would increase the risk of food-
borne outbreaks in schools is not clear. Recent US
declines in Salmonella and Campylobacter are credited
to the mandated HACCP rule for meat and poultry.
The changes in incidence of foodborne infections have
occurred in the context of the introduction of the
HACCP regulations for meat and poultry in processing
plants, increased attention to egg and fresh produce
safety, industry efforts, food safety education, in-
creased regulation of imported food and other preven-
tion measures.??

The risk of outbreaks caused by bacterial and para-
sitic pathogens could be further reduced through the
broader application of irradiation pasteurization of
solid foods using low-dose gamma rays, radiographs or
electron beams.?> 2% Although widespread use of this
technology has been hampered by the perception of
consumer concerns,2® the use of irradiation to pasteur-
ize food has been endorsed by the World Health Orga-
nization, the US Department of Health and Human
Services, the USDA, the American Medical Association
and the American Public Health Association.?¢° Irra-
diation pasteurization of meat and poultry used in
schools would be an important further step in reducing
outbreaks caused by to bacterial pathogens such as E.
coli O157:H7 and Salmonella. Because viral foodborne
pathogens such as hepatitis A and Norwalk-like vi-
ruses are more radioresistant, irradiation pasteuriza-
tion is less likely to prevent outbreaks due to these
pathogens.

The limitations of our report should be recognized.
The number of foodborne outbreaks reported by this
passive surveillance system represents only a small
proportion of those that occur. Foodborne outbreaks
caused by an etiologic agent with a short incubation
period (e.g. bacterial toxins) are more likely to be
recognized as common source outbreaks than are dis-
eases with longer incubation periods (e.g. hepatitis A).
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Furthermore our report likely underestimates the pro-
portion of viral gastroenteritis outbreaks in schools,
because stool and serum testing of specimens for viral
pathogens (e.g. Norwalk-like viruses) is not widely
available, making confirmation of these outbreaks
more difficult. Outbreaks caused by organisms that are
not routinely screened for by laboratories or that re-
quire special media for detection, such as E. coli O157:
H7, Norwalk-like viruses, Vibrio species, Yersinia, C.
perfringens and Campylobacter may be underrepre-
sented. In addition testing of some organisms (e.g. E.
coli O157:H7, Norwalk-like viruses, enzyme immuno-
assay for Giardia and toxin testing) became available
during the course of the time period covered in this
review. Information on the size and other characteris-
tics of affected schools was not available. Other limita-
tions include lack of information about how factors
contributing to outbreak were determined and lack of
information on the specific school setting (e.g. elemen-
tary school, high school or university). A recently
published primer directed to primary care physicians,
who are more likely to see the index case of a potential
food-related disease outbreak, is a teaching tool for
primary care physicians about foodborne illness and to
remind them of their important role in recognizing
suspicious symptoms, disease clusters and etiologic
agents and reporting cases of foodborne illness to
public health authorities.>°

Relative to the number of meals served in America’s
schools, the number of reported outbreaks of foodborne
illness may appear relatively small. Nevertheless the
cumulative disease burden on this vulnerable popula-
tion is considerable. Adequate training of school staff
and the integration of food safety criteria into purchase
contracts are measures that can be immediately em-
ployed to reduce the burden of foodborne disease
among school children. Investigations of foodborne dis-
ease outbreaks in schools and continued outbreak sur-
veillance are needed to identify trends in disease fre-
quency, to detect the emergence of new causes of
foodborne illness and to ensure the highest standards
of food safety for school children in America.

Foodborne disease websites: www.cdc.gov/ foodnet,
www.foodsafety.gov, www.cfsan.fda.gov, www.cdc.gov /
ncidod /dbmd /diseaseinfo/ foodborneinfections and
http:/ lwww.cde.gov / neidod / dbmd / outbreak | default-
.htm.
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