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Abstract

An estimated 48 million cases of foodborne illness occur each year in the United States, resulting
in approximately 128,000 hospitalizations and 3,000 deaths. Over half of all foodborne disease
outbreaks reported to the Centers for Disease Control and Prevention are associated with eating in
restaurants or delicatessens. We reviewed data from restaurant-associated foodborne disease
outbreaks to better understand the factors that contribute to these outbreaks. Data on restaurant-
associated foodborne disease outbreaks reported by sites participating in the Foodborne Diseases
Active Surveillance Network (FoodNet) were analyzed to characterize contributing factors
reported in foodborne disease outbreaks and the levels of evidence used to identify these factors.
Of 457 foodborne disease outbreaks reported in 2006 and 2007 by FoodNet sites, 300 (66%) were
restaurant associated, and of these 295 (98%) had at least one reported contributing factor. One to
nine (with a median of two) contributing factors were reported per outbreak. Of the 257 outbreaks
with a single etiology reported, contributing factors associated with food worker health and
hygiene were reported for 165 outbreaks (64%), factors associated with food preparation practices
within the establishment were reported for 88 outbreaks (34%), and factors associated with
contamination introduced before reaching the restaurant were reported for 56 outbreaks (22%).
The pronounced role of food workers in propagating outbreaks makes it clear that more work is
needed to address prevention at the local level. Food workers should be instructed not to prepare
food while ill to prevent the risk of transmitting pathogens.

An estimated 48 million cases of foodborne illness occur each year in the United States,
resulting in approximately 127,000 hospitalizations and 3,000 deaths (15). Although
outbreak-associated infections account for only a small proportion of culture-confirmed

infections, outbreaks are associated with substantial morbidity and play an important role in

our understanding of the epidemiology of foodborne illness (12). Outbreaks can occur in
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many settings, but eating in a restaurant is a risk factor for acquiring a foodborne illness
(11). More than half of all foodborne disease outbreaks reported to the Centers for Disease
Control and Prevention (CDC) are associated with eating in restaurants or delicatessens (11).
Thus, to make recommendations for preventing and controlling foodborne disease
outbreaks, public and environmental health professionals must understand what factors
contribute to these restaurant-associated foodborne disease outbreaks.

Contributing factors are defined as conditions identified during an outbreak investigation
that either enable an outbreak to occur or amplify an outbreak caused by other means; these
factors contribute to the contamination, survival, or proliferation of the pathogen (2). Thirty-
two contributing factors have been defined and classified into three categories: 15
contamination factors (that introduce or otherwise permit pathogen contamination), 12
proliferation and/or amplification factors (that allow proliferation or growth of the agent),
and 5 survival factors (that allow survival or fail to inactivate a contaminant) (2).

Determination of contributing factors associated with outbreaks is important for
appropriately implementing mitigation and prevention efforts. For contributing factors to be
more accurately reported for a foodborne disease outbreak, both an environmental health
assessment and an epidemiological investigation are needed, and public health resources
must be adequate to support such investigations. We evaluated contributing factors reported
during investigations of foodborne disease outbreaks to better understand the factors that
lead to outbreaks in restaurants. The data evaluated were collected in 2006 and 2007 by the
Foodborne Diseases Active Surveillance System (FoodNet).

MATERIALS AND METHODS

FoodNet tracks important foodborne illnesses, generating information that provides a
foundation for food safety policy and prevention efforts. FoodNet is a collaborative effort
among CDC’s Emerging Infections Program, 10 participating state health departments, the
U.S. Department of Agriculture’s Food Safety and Inspection Service, and the U.S. Food
and Drug Administration (FDA). FoodNet conducts active surveillance for nine pathogens
transmitted commonly through food in Connecticut, Georgia, Maryland, Minnesota, New
Mexico, Oregon, and Tennessee and in selected counties in California, Colorado, and New
York. In 2006, the FoodNet surveillance area included an estimated 45 million persons
(approximately 15% of the U.S. population).

We defined a foodborne disease outbreak as an incident in which two or more persons
experienced a similar illness resulting from the ingestion of a common food (5). Outbreaks
were investigated by state and local health departments and reported to the CDC via the
national electronic Foodborne Outbreak Reporting System (eFORS). A standard form (CDC
form 52.13, investigation of a foodborne outbreak) was used to collect information on each
outbreak. Data collected included etiology, number of illnesses, setting, and contributing
factors (5). Multiple contributing factors could be reported for each outbreak. In 2006 and
2007, personnel at FoodNet sites also collected supplemental information regarding
contributing factors for all restaurant-associated foodborne disease outbreaks, including
information on who identified the contributing factors and the identification methods used.
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These methods were grouped into six main categories for analysis: environmental
inspection, epidemiologic study, interviews with operators or food workers, food preparation
review, laboratory data, or investigator’s assumption.

For analysis, we linked eFORS reports of outbreaks in FoodNet sites with the supplemental
data on contributing factors reported for each outbreak in 2006 and 2007. We limited the
analysis to foodborne disease outbreaks in which food was reported to be prepared in a
restaurant or delicatessen (restaurant associated). For some analyses, contributing factors
were grouped into three general categories (Table 1): factors related to food preparation
practices within the establishment (S1, S2, P1, P2, P3, P4, P6, C9, C13, and C14), factors
related to food worker health and hygiene (C10, C11, and C12), and factors related to
contamination of food outside of the restaurant (C1, C6, C7, and C8). All data manipulation,
linking, and analyses were performed with SAS 9.1 (SAS Institute, Cary, NC).

RESULTS

Of 457 foodborne disease outbreaks reported in 2006 and 2007 in FoodNet sites, 300 (66%)
were restaurant associated. Of these 300 outbreaks, at least one contributing factor was
reported in 295 (98%) outbreaks. Of these 295 outbreaks, 271 (92%) had an identified
etiology, and for 257 (95%) of these outbreaks a single etiology was reported: 154 (60%)
were caused by norovirus, 33 (13%) were caused by Salmonella, 18 (7%) were caused by
Clostridium perfringens, 18 (7%) were caused by histamine fish poisoning, and the
remainder were caused by other pathogens.

A median of two contributing factors was reported for each outbreak (range, one to nine). Of
the 32 possible contributing factors, 24 were reported at least once: 11 contamination
factors, 9 proliferation factors, and 4 survival factors. Contamination factors were reported
in 229 outbreaks (78%). The most commonly reported contamination factors (Table 1) were
“handling by an infected person or carrier of pathogen” (137 outbreaks), “bare-handed
contact by a handler/worker/preparer” (87 outbreaks), and “inadequate cleaning of
processing/preparation equipment/ utensils that leads to contamination of vehicle" (32
outbreaks). Proliferation factors were reported for 70 outbreaks (24%), and “inadequate
cold-holding temperatures” (47 outbreaks) and “slow cooling” (34 outbreaks) were most
commonly reported. Survival factors were reported for 35 (12%) outbreaks, and
“insufficient time and/or temperature during reheating” (16 outbreaks) and “insufficient time
and/or temperature during initial cooking/ heat processing” (15 outbreaks) were most
commonly reported.

Contributing factors associated with food worker health and hygiene were reported for 165
(64%) of the 257 outbreaks for which a single etiology was reported; factors associated with
food preparation practices within the establishment were reported for 88 outbreaks (34%),
and factors associated with contamination introduced before reaching the restaurant were
reported for 56 outbreaks (22%). Nearly all (89%) of the outbreaks of norovirus infections
and nearly half (15 outbreaks, 45%) of the outbreaks of Salmonella infections had
contributing factors related to food worker health and hygiene (Table 2). Food worker health
and hygiene contributing factors were not reported in outbreaks of Listeria or Vibrio
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infections and were reported only once in an outbreak caused by C. perfringens. Food
preparation practices in the establishment were most commonly associated with outbreaks of
Escherichia coli 0157 (100% of outbreaks), C. perfringens (81%), and Salmonella (58%)
infections. Factors relating to contamination outside the restaurant were most common
among outbreaks of Vibrio infection (100% of outbreaks), histamine fish poisoning (89%),
and E. coli O157:H7 infection (80%).

Contributing factors were determined most commonly by environmental inspection (26% of
outbreaks), interview with an operator or food worker (22%), and review of food preparation
(21%) (Table 3). In the 165 outbreaks for which deficiencies in food worker health and
hygiene were reported, the most common methods used to determine contributing factors
were environmental inspection (32%) and interviews with restaurant managers or workers
(31%). In the 88 outbreaks in which food handling deficiencies were noted in the
establishment, in 23% the contributing factors were determined by environmental inspection
and in 22% these factors were determined by food preparation review. Among the 54
outbreaks in which outside contamination factors were reported, in 19% these factors were
assumed based on etiology or symptoms and in 15% these factors were determined by
environmental inspection.

DISCUSSION

In this analysis of contributing factors in restaurant-associated foodborne disease outbreaks,
we identified broad categories of contributing factors that are common root causes of these
types of outbreaks. Outbreaks commonly resulted from contamination of food within the
establishment, particularly from contamination introduced by an infected food handler (e.qg.,
norovirus) or inadequate hand washing by food handlers. Fewer outbreaks resulted from
food mishandling or cross-contamination between products. These findings have important
implications for the control of outbreaks and the targeting of resources to prevent them.

Norovirus and Salmonella are the two most common pathogens implicated in foodborne
disease outbreaks, together accounting for nearly 75% of outbreaks reported in the United
States (8). In this and previous studies (9, 10, 16), norovirus played a predominant role in
restaurant-associated outbreaks, particularly through transmission by food workers.
Transmission of Salmonella by food workers was also reported for nearly half of outbreaks
in this study and has been documented in other outbreaks; in one series of restaurant-
associated outbreaks of Salmonella infection in Minnesota, an infected food worker was
identified in 83% of these outbreaks (13). At the national level, substantial resources have
been allotted to federal agencies to prevent contamination of the food supply at levels before
the point of service. The continued and pronounced role of food workers in propagating
outbreaks (10, 13, 16) makes it clear that more work is needed to address prevention at the
local level (i.e., in restaurants and other establishments that serve food). Employee turnover
in the restaurant industry is very high, and employees often lack sufficient training about
proper food handling (14) and hand washing (1) practices. Food workers might also report to
work and deny illness for a variety of reasons (16). Food workers should be instructed not to
prepare food while ill to prevent the risk of transmitting pathogens. Unfortunately, although
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exclusion of ill food workers is extremely important (17), provision of paid sick leave is
uncommon in the industry.

Although factors related to food worker health and hygiene were common in outbreaks of
norovirus infection, these same factors were uncommon for outbreaks caused by other
pathogens (i.e., C. perfringensand E. coli). Restaurant owners and public health
practitioners should continue to educate food workers on the importance of proper time and
temperature procedures to reduce the risk of pathogen amplification. Because pathogens can
also be brought into the restaurant setting on items that will be cooked (e.g., raw meat),
restaurant managers and owners should assure that workers are aware that raw poultry and
meat are commonly contaminated with pathogens that can cross-contaminate other foods
unless rigorous controls are in place. Many national restaurant chains already maintain
rigorous training and restaurant engineering standards to ensure food safety; these practices
should be encouraged and continued. Guidance such as the FDA Food Code provides a
model of key practices that must be continually reinforced to reduce the number of
foodborne disease outbreaks (17). The findings in the present study provide additional
evidence to support strengthening and updating the Food Code, particularly guidance
regarding exclusion and restriction of ill food workers to reduce the risk of foodborne
disease transmission in restaurants through food worker contamination.

Only a small proportion of foodborne illnesses reported each year are associated with
outbreaks. For example, in FoodNet sites during 2006 and 2007, an average of only 6% of
Salmonella illnesses and 16% of E. coli 0157 illnesses were part of a recognized outbreak
(3, 4). Our findings suggest ways that outbreaks can be prevented, but it is not known how
many sporadic illnesses are due to the factors we identified and would be preventable with
similar interventions.

Nearly 20% of the contributing factors reported were identified without the use of
epidemiologic or environmental health data. Environmental health data provide essential
evidence for contributing factor determination. Because findings from studies of
contributing factors may be used in the development of policies and regulations,
contributing factor data must be evidence based. Keeping ill food workers out of the kitchen
and promoting proper hand hygiene may be effective ways to reduce restaurant-associated
outbreaks, but these practices must be implemented in conjunction with other measures
(e.g., time and temperature controls) to be maximally effective. Although guidance for state
health departments for reporting contributing factors has been more recently developed (6),
definitions and interpretation of contributing factors remain somewhat subjective, leading to
possible misclassification. For some outbreaks, the contributing factors reported may
represent general deficiencies noted at an establishment rather than the actual causal events
leading to a particular outbreak. The methods used to determine contributing factors most
likely differ by investigating and reporting jurisdictions.

Because the most common contributing factors differed by pathogen, no single intervention
will be sufficient to reduce all outbreaks. In the investigations included in the present study,
only one of several deficiencies may have been reported as a contributing factor to an
outbreak, e.qg., failure to cook foods completely might be noted in a restaurant but not failure
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to prevent the meat or poultry from initial contamination during processing. For example, in
one outbreak of C. perfringens infection food handler health and hygiene deficiencies were
reported (deficiencies unlikely to have contributed to the outbreak), and in only 39% of
Salmonella infection outbreaks was outside contamination reported (likely to be a major
contributing factor in many Salmonella infection outbreaks). Similarly, contributing factors
might not explain all factors influencing foodborne disease outbreaks. Multiple factors can
be involved in the same outbreak, illustrating that preventing restaurant-associated outbreaks
requires approaches that deal with many issues along the farm-to-fork continuum. These
findings in the present study apply only to outbreaks reported from 10 sites over 2 years, and
the resulting small sample size makes it difficult to draw conclusions for some pathogens.
Additional studies examining factors contributing to outbreaks in restaurants are needed
using data from more recent years and more sites.

This study builds on previous studies of contributing factors in restaurant-associated
outbreaks, providing additional information about the importance of ensuring quality
environmental health assessments. The use of systems such as the National VVoluntary
Environmental Assessment Information System (7) will help to identify additional factors
that can be routinely monitored to prevent or reduce the risk of foodborne disease outbreaks.
Data on factors contributing to restaurant-associated outbreaks provide important insight
into the epidemiology of foodborne disease and potential preventive interventions. A public
health infrastructure adequate for performing accurate and complete outbreak investigations
is essential to ensure that these types of data are available to help guide and develop
appropriate intervention strategies.
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Factor Description No. of ClassificationP
outbreaks
reporting
factor@
Contamination
C12 Handling by an infected person or carrier of pathogen 137 Food worker health and hygiene
C10 Bare-handed contact by a handler/worker/preparer 87 Food worker health and hygiene
C13 Inadequate cleaning of processing/preparation equipment/ utensils 32 Food preparation within
that leads to contamination of vehicle establishment
Cl1 Glove-handed contact by handler/worker/preparer 31 Food worker health and hygiene
C6 Raw product/ingredient contaminated by pathogens from animal or 29 Outside contamination
environment
C9 Cross-contamination from raw ingredient of animal origin 19 Food preparation within
establishment
C1 Toxic substance part of tissue 17 Outside contamination
Cc7 Ingestion of contaminated raw products 15 Outside contamination
Cl4 Storage in contaminated environment leading to contamination of 5 Food preparation within
vehicle establishment
C8 Obtaining foods from polluted sources 4 Outside contamination
C15 Other source of contamination 17
Total 229 (78%)
Proliferation, amplification
P3 Inadequate cold-holding temperatures 47 Food preparation within
establishment
P2 Slow cooling 34 Food preparation within
establishment
P1 Allowing foods to remain at room or warm outdoor temperature for 25 Food preparation within
several hours establishment
P6 Insufficient time and/or temperature during hot holding 18 Food preparation within
establishment
P4 Preparing foods a half-day or more before serving 15 Food preparation within
establishment
P5 Prolonged cold storage for several weeks 1 Food preparation within
establishment
P7 Insufficient acidification 1 Food preparation within
establishment
P9 Inadequate thawing of frozen products 1 Food preparation within
establishment
P12 Other situations that promote or allow microbial growth or toxin 10
production
Total 70 (24%)
Survival
S2 Insufficient time and/or temperature during reheating 16 Food preparation within
establishment
S1 Insufficient time and/or temperature during initial cooking/heat 15 Food preparation within
processing establishment
sS4 Insufficient thawing, followed by insufficient cooking 1 Food preparation within
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Factor Description No. of ClassificationP
outbreaks
reporting
factor@

S5 Other process failures that permit the pathogen to survive 15

Total 35 (12%)

aMore than one factor could be reported for each outbreak
Contributing factors were grouped into three general categories: factors related to food preparation practices within the establishment (S1, S2, P1,

P2, P3, P4, P6, C9, C13, and C14), factors related to food worker health and hygiene (C10, C11, and C12), and factors related to contamination of
food outside of the restaurant (C1, C6, C7, and C8).
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Contributing factor categories reported in 257 restaurant-associated foodborne disease outbreaks with a single

etiology reported, FoodNet sites, 2006 and 2007

No. (%) of outbreakswith at least one factor in category2

Food worker health

Food preparation within

Etiology No. of outbreaks and hygiene the establishment Outside contamination
Norovirus 154 137 (89) 22 (14) 8 (5)
Salmonella 33 15 (45) 22 (67) 13 (39)
Clostridium perfringens 18 1(6) 16 (89) 4(22)
Histamine fish poisoning (scombroid 18 0 5 (28) 16 (89)
toxin)

Saphylococcus aureus 6 4(67) 2(33) 0
Escherichia coli 0157:H7 4 0 4 (100) 3(75)
Other bacteria 4 2 (50) 4 (100) 2(80)
Other chemical(s) 4 2 (50) 4 (100) 0
Vibrio spp. 4 0 2 (50) 4 (100)
Shigella 3 2 (50) 1 (100) 1 (100)
Campylobacter 3 1 (100) 3 (100) 2 (67)
Enterotoxigenic E. coli 1 0 1 (100) 1(100)
Bacillus cereus 1 0 1(100) 0
Hepatitis A virus 1 1 (100) 0 0
Listeria 1 0 1 (100) 0
Paragonimus 1 0 0 1 (100)
Pufferfish tetrodotoxin 1 0 0 1 (100)
All outbreaks with single etiology 257 165 (64) 88 (34) 56 (22)

a I
More than one contributing factor could be selected for each outbreak, so rows may sum to more than 100%.
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TABLE 3
Methods used to determine contributing factors, FoodNet Sites, 2006 and 2007

No. (%) of outbreaksfor which method was used
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Food worker Food preparation
All outbreaks (n ~ health and within the Outside contamination

Method@ 257) hygiene (n ~ 165) establishment (n ~ 88) (n~54)
Environmental inspection 68 (26) 52 (32) 20 (23) 8 (15)
Interview of operator or food worker 57 (22) 51 (31) 14 (16) 2(4)

Food preparation review or food flow 55 (21) 40 (24) 19 (22) 8 (15)
Epidemiologic investigation (case- 36 (14) 27 (16) 8(9) 4(7)

control or cohort study)

Assumed based on etiology or symptoms 34 (13) 19 (10) 9 (10) 10 (19)

Culture of environment or food sample 13 (5) 6 (4) 6 (7) 6 (11)

a . .
Categories are not mutually exclusive and may total more than 100%.
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