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SUMMARY

As poultry consumption continues to increase worldwide, and as the United States accounts
for about one-third of all poultry exports globally, understanding factors leading to poultry-
associated foodborne outbreaks in the United States has important implications for food safety.
We analysed outbreaks reported to the United States’ Foodborne Disease Outbreak Surveillance
System from 1998 to 2012 in which the implicated food or ingredient could be assigned to one
food category. Of 1114 outbreaks, poultry was associated with 279 (25%), accounting for the
highest number of outbreaks, illnesses, and hospitalizations, and the second highest number of
deaths. Of the 149 poultry-associated outbreaks caused by a confirmed pathogen, Salmonella
enterica (43%) and Clostridium perfringens (26%) were the most common pathogens. Restaurants
were the most commonly reported location of food preparation (37% of poultry-associated
outbreaks), followed by private homes (25%), and catering facilities (13%). The most commonly
reported factors contributing to poultry-associated outbreaks were food-handling errors (64%)
and inadequate cooking (53%). Effective measures to reduce poultry contamination, promote
safe food-handling practices, and ensure food handlers do not work while ill could reduce
poultry-associated outbreaks and illnesses.
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INTRODUCTION

Poultry is the second-most commonly consumed meat
worldwide, and consumption of poultry is projected to
increase more quickly than any other major meat [1].
The United States is one of the top two poultry suppli-
ers worldwide, accounting for about one-third of all
poultry exports during 2011–2014. Similar to world-
wide trends, poultry is an important and increasing

part of the US diet. Per capita consumption doubled
during 1970–2007, and poultry accounted for almost
a quarter of meat consumed in the United States in
2007 [2]. Therefore, understanding the contribution
of poultry to foodborne outbreaks in the United
States is important not only for the United States
but also globally. Foodborne outbreak investigations
provide the most readily available information about
the sources and circumstances of food contamination
leading to illness.

In the United States, consumption of food contami-
nated with known pathogens causes an estimated 9·4
million illnesses every year [3]. Poultry is an important
source of these foodborne infections [4–7]. Poultry
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products are contaminated frequently with some of
the most common bacterial pathogens associated
with foodborne illness [8]. In 2011, cultures of 13%
of chicken samples and 6% of ground turkey samples
yielded Salmonella, and 38% of chicken samples
yielded Campylobacter [8].

Large multistate outbreaks associated with poultry
have focused industry, regulatory, and consumer at-
tention on the safety of poultry products. For ex-
ample, in 2013–2014, a 29-state outbreak of
multidrug-resistant Salmonella enterica serotype
Heidelberg infections associated with chicken caused
634 illnesses and 241 hospitalizations [9]. We con-
ducted a detailed analysis of the pathogens, settings,
contamination factors, and poultry types leading to
poultry-associated foodborne outbreaks in the
United States to guide interventions to decrease ill-
nesses associated with poultry consumption.

METHODS

Data source

The Foodborne Disease Outbreak Surveillance
System (FDOSS) collects reports of foodborne disease
outbreaks from state, local, and territorial public
health agencies in the United States. The Centers for
Disease Control and Prevention (CDC) runs
FDOSS, and defines a foodborne disease outbreak
as the occurrence of two or more similar illnesses
resulting from ingestion of the same food. Reported
data include the number of illnesses, hospitalizations,
and deaths; the pathogen; the implicated food(s); and
the settings of food preparation and consumption.
FDOSS also collects information regarding certain
contributing factors (e.g. food not adequately cooked
or not kept at the right temperature before consump-
tion) [10]. Demographic data are reported as percen-
tages of ill persons in defined age and gender
categories. Pathogens are reported as confirmed if
specific diagnostic criteria were met [11]. During the
period of this study, 1998–2012, FDOSS classified
foods into 17 categories (fish, crustaceans, molluscs,
dairy, eggs, beef, game, pork, poultry, grains-beans,
oils-sugars, fruits-nuts, fungi, leafy, root, sprout, and
vine-stalk) [12].

Analysis

We included outbreaks satisfying the following cri-
teria: (1) the outbreak occurred from 1998 to 2012,

(2) the investigation implicated a food using either
statistical or laboratory evidence, (3) the food con-
tained a single contaminated ingredient or multiple
contaminated ingredients belonging to a single food
category, and (4) a suspected or confirmed pathogen
was reported. We conducted three analyses. First, we
examined all outbreaks with a confirmed or suspected
pathogen in which investigators implicated poultry
and contrasted the number of illnesses, hospitalizations,
and deaths with outbreaks caused by other food
categories. Second, we examined poultry-associated
outbreaks with a confirmed pathogen by pathogen.
Third, we compared poultry-associated outbreaks with
a confirmed pathogen by type of poultry implicated.
For outbreaks with demographic information reported,
we estimated the number of ill persons in defined age
and sex categories by multiplying the reported percent-
age in the category by the reported number of ill per-
sons in the outbreak.

Reports could contain one or more contributing
factors for each outbreak. We classified these factors
into broad categories, including food-handling errors,
inadequate cooking, contamination before food prep-
aration, contaminated equipment, and poor personal
hygiene of a food handler (Supplementary Table S1).

For statistical analysis, we assumed that the out-
breaks included in our analysis represented a random
sample of foodborne outbreaks occurring in the
United States during the study period. We evaluated
categorical variables using frequencies and using a χ2

test (Fisher’s exact test for comparisons with cell
counts <5) for comparisons. We used one-way
fixed-effects analysis of variance to compare means
of counts of illnesses between poultry and non-poultry
outbreaks and between chicken and turkey outbreaks.
We used the Wilcoxon rank sum test to compare dis-
tributions of percentages of demographic characteris-
tic variables that were not normally distributed. We
used a cut-off of α= 0·05 to indicate statistical signifi-
cance and conducted analyses using SAS v. 9.3 (SAS
Institute, USA).

RESULTS

All outbreaks with a confirmed or suspected pathogen

During 1998–2012, FDOSS received 1114 reports of
foodborne disease outbreaks that met the inclusion
criteria. Poultry was the most frequently reported
food category (279 outbreaks, 25%), followed by fish
(181, 16%) and beef (135, 12%). The 279 outbreaks
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associated with poultry accounted for more illnesses
(9760 of 35622, 27%) and hospitalizations (565 of
2640, 21%) than outbreaks caused by any other food
category; poultry accounted for the second greatest
number of deaths (22 of 86, 26%). In the poultry-
associated outbreaks, the mean number of reported
illnesses was 35 [95% confidence interval (CI)
25–45], which was not significantly larger than those
associated with foods in the other categories (mean
31, 95% CI 25–36) (P = 0·47). Overall, the distribu-
tions of age group and sex of patients were similar
(all P50·05) in poultry-associated outbreaks and
those associated with other food categories.

Poultry-associated outbreaks with a confirmed
pathogen

Among the 279 poultry-associated outbreaks, 149
(53%) had a confirmed pathogen and are the focus of
the remainder of the analysis. Salmonella caused the
largest number of outbreaks (64, 43%), followed by
C. perfringens (39, 26%) (Table 1). Other causes were
Campylobacter spp. (10, 7%), norovirus (10, 7%),
Staphylococcus aureus enterotoxin (8, 5%), Listeria
monocytogenes (5, 3%), Bacillus cereus (4, 3%), and
other agents (9, 6%). Four serotypes [Enteritidis, 11 out-
breaks (17%); Heidelberg, 11 (17%); Typhimurium, 10
(16%); Newport, 6 (9%)] caused more than half of the

Salmonella outbreaks. Salmonella outbreaks resulted
in the most illnesses (2614, 50%) and the most hospita-
lizations (425, 80%) (Table 2).

A single known location of food preparation was
reported for 125 (84%) of these outbreaks. Most
were restaurants (46, 37%), followed by private
homes (31, 25%) and catering facilities (16, 13%). In
restaurant-associated outbreaks, Salmonella (35%),
C. perfringens (26%), Campylobacter (11%), and nor-
ovirus (11%) were the most common aetiologies. In
outbreaks in which food was prepared in a private
home, Salmonella caused 65% of outbreaks, and C.
perfringens caused 26%. C. perfringens caused most
of the caterer-associated outbreaks (56%).

Information on one or more factors contributing to
the outbreak was reported in 120 (81%) outbreaks. In
these outbreaks, the most commonly reported contribut-
ing factors were food-handling errors (64%) and inad-
equate cooking (53%). Among outbreaks caused by
Salmonella, inadequate cooking (63%) and contamin-
ation of the uncooked poultry before food preparation
(63%) were the most commonly reported contributing
factors, followed by food-handling errors (50%). In
100% of outbreaks of norovirus infection, investigators
reported poor personal hygiene of a food handler as a
contributing factor. In outbreaks caused by C. perfrin-
gens, B. cereus, and S. aureus enterotoxin, food-handling
errors were the most common contributing factor.

Table 1. Reported foodborne disease outbreaks with a confirmed pathogen associated with poultry and with foods
other than poultry*, by pathogen, United States, 1998–2012

Poultry, n (%)
Foods other
than poultry,
n (%)

Pathogen Chicken Turkey Other poultry Total Total

Salmonella enterica† 39 (41) 25 (48) 0 (0) 64 (43) 160 (40)
Clostridium perfringens 23 (24) 16 (31) 0 (0) 39 (26) 67 (17)
Campylobacter spp. 7 (7) 2 (4) 1 (33) 10 (7) 37 (9)
Norovirus 6 (6) 3 (6) 1 (33) 10 (7) 56 (14)
Staphylococcus aureus 7 (7) 1 (2) 0 (0) 8 (5) 43 (11)
Listeria monocytogenes 1 (1) 4 (8) 0 (0) 5 (3) 10 (3)
Bacillus cereus 4 (4) 0 (0) 0 (0) 4 (3) 17 (4)
Other‡ 7 (7) 1 (2) 1 (33) 9 (6) 8 (2)
Total reports identifying a pathogen 94 (100) 52 (100) 3 (100) 149 (100) 398 (100)

* Either a single contaminated ingredient was identified or all ingredients in the implicated food belonged to a single food
category
† Includes serotypes Berta (1 turkey outbreak), Braenderup (1 chicken outbreak), Enteritidis (9 chicken, 2 turkey), Hadar
(3 turkey), Heidelberg (7 chicken, 4 turkey), Javiana (1 chicken), Montevideo (1 chicken), Muenchen (1 chicken), Newport
(3 chicken, 3 turkey), Thompson (1 chicken), Typhimurium (5 chicken, 5 turkey), and unspecified (10 chicken, 7 turkey)
‡ Includes: chemicals, Clostridium botulinum, Cyclospora cayetanensis, Escherichia coli, heavy metals, multiple, other bacter-
ial, other parasites, sapovirus, Shigella sonnei, Streptococcus group A, toxins, Trichinella spiralis, Vibrio spp., and Yersinia
enterocolitica.
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The 13 outbreaks that involved >100 ill persons
(range 101–312) accounted for 42% (2200) of all ill-
nesses in poultry-associated outbreaks. Salmonella
caused seven (54%) and C. perfringens caused six
(46%). Three of these large outbreaks, including the lar-
gest (312 illnesses), occurred in prisons for men; five
were restaurant-associated.

Outbreaks by poultry type

Reports implicated duck in one outbreak and poultry
of an unspecified type in two outbreaks; we excluded
these three outbreaks from further analyses by poultry
type. In the remaining 146 (98%) poultry-associated
outbreaks, investigators implicated chicken in 94 out-
breaks (64%) and turkey in 52 (36%) (Table 1).
Although the mean number of illnesses appeared
greater in turkey-associated outbreaks than in
chicken-associated outbreaks, this finding was not stat-
istically significant (45 vs. 31, P= 0·12). Of the largest
outbreaks (>100 ill persons), turkey was implicated in
seven (54%) and chicken in six (46%). Listeria caused
a greater percentage of turkey-associated than
chicken-associated outbreaks, although this difference
was not statistically significant (8% vs. 1%, P= 0·05);
delicatessen meat was the source of all turkey-associated
Listeria outbreaks.

Of the 77 chicken-associated outbreaks with a sin-
gle reported known location of food preparation,
45% (35 of 77) were associated with food prepared
in a restaurant, much greater than the 20% (9 of 45)

of turkey-associated outbreaks that were associated
with a restaurant (P = 0·006).

Of the 52 turkey-associated outbreaks, 22 (42%) oc-
curred during November and December (Fig. 1).
Chicken-associated outbreaks had a small seasonal
peak during the 3-month span from April to June
[39 (41%) out of 94 reported] (Fig. 2). Although the
distribution of pathogens in turkey-associated out-
breaks was generally similar across months, C. perfrin-
gens caused 55% of turkey-associated outbreaks that
occurred during November and December but only
13% during the other months (P = 0·002). Improper
food handling was a contributing factor more fre-
quently during November and December than during
the other months for both turkey-associated outbreaks
(85% vs. 45%, P = 0·01) and chicken-associated out-
breaks (100% vs. 58%, P= 0·006).

In all, 20 deaths were reported in seven outbreaks
with a confirmed pathogen and known poultry type.
Salmonella caused four outbreaks with one death
each (two turkey-associated, two chicken-associated).
Listeria caused three outbreaks with 16 deaths – 80%
of all reported deaths – and all were linked to turkey
delicatessen meat. The last death in the study period
in a Listeria outbreak associated with turkey delicates-
sen meat was in 2005.

DISCUSSION

This report highlights the role of poultry as a major
source of foodborne outbreaks in the United States.

Table 2. Illnesses, hospitalizations, and deaths in reported poultry-associated* foodborne disease outbreaks with a
confirmed pathogen, United States, 1998–2012

Pathogen
Illnesses
n (% of total)

Hospitalizations
n (% of total)

Deaths
n (% of total)

Salmonella enterica 2614 (50) 425 (80) 4 (20)
Clostridium perfringens 1764 (33) 8 (2) 0 (0)
Norovirus 191 (4) 0 (0) 0 (0)
Staphylococcus aureus 133 (3) 19 (4) 0 (0)
Listeria monocytogenes 127 (2) 45 (8) 16 (80)
Bacillus cereus 31 (1) 1 (0) 0 (0)
Campylobacter spp. 81 (2) 5 (1) 0 (0)
Other† 325 (6) 28 (5) 0 (0)

Total 5266 (100) 531 (100) 20 (100)

* Either poultry was identified as the contaminated food or ingredient or all ingredients in the implicated food belonged to the
poultry category.
† Includes: Shiga toxin-producing Escherichia coli O157, Shigella sonnei, Vibrio parahaemolyticus, multiple pathogens, and
other bacterial pathogens
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With poultry consumption increasing globally, this
finding has implications for food safety both within
and beyond the United States. From 1998 to 2012,
poultry accounted for more reports of foodborne dis-
ease outbreaks than any other single food category.
Poultry-associated outbreaks accounted for the great-
est number of illnesses and hospitalizations and over a
quarter of the deaths in outbreaks associated with a
single food category. Our analysis of the pathogens,
contributing factors, settings, and poultry types asso-
ciated with foodborne disease outbreaks suggests

that breakdowns in food safety at multiple points
along the farm-to-fork continuum commonly lead to
these outbreaks.

Contamination before food preparation and in-
adequate cooking were two of the most common
contributing factors associated with Salmonella out-
breaks. Salmonella is a common contaminant of
poultry [5]. In whole chicken carcass testing conducted
from 1998 to 2014, cultures of about 4–16% of carcass
rinses in production plants yielded Salmonella [13].
Testing data suggest that contamination of whole

Fig. 1. Number of foodborne disease outbreaks with confirmed pathogen associated with turkey, by pathogen and month,
United States, 1998–2012. (a) Non-toxin-producing pathogens; (b) toxin-producing pathogens.
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chicken carcasses with Salmonella at production
decreased between 2002 and 2013 (16·3% of carcass
rinses yielded Salmonella in 2005 vs. 3·9% in 2013)
[13]. Chicken is not usually purchased whole, however
[14], and testing of chicken breasts at retail over the
same period did not show a similar reduction [8].
Importantly, estimates of chicken consumption more
than doubled during 1970–2013 from 37 to 82 lb per
capita per year [1]. The U.S. Department of
Agriculture (USDA) Food Safety and Inspection

Service (FSIS) conducted a baseline survey of raw
chicken parts collected at processing in 2012 and
found that the prevalence of Salmonella in samples
of pooled chicken parts was 24% [15]. That same
year, Salmonella was found in 18% of chicken breast
samples collected at retail through the NARMS retail
meat study [8]. Inadequate cooking, a later step in the
farm-to-fork continuum, was also a major contribut-
ing factor and was reported in nearly two-thirds of
poultry-associated outbreaks. Addressing Salmonella

Fig. 2. Number of foodborne disease outbreaks with confirmed pathogen associated with chicken, by pathogen and
month, United States, 1998–2012. (a) Non-toxin-producing pathogens; (b) toxin-producing pathogens.
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contamination in poultry at the farm, during process-
ing, and before food preparation, along with ensuring
poultry is adequately cooked before consumption,
must continue to be the top priorities in efforts to im-
prove food safety in the United States.

Outbreaks associated with poultry caused by toxin-
producing pathogens, most commonly C. perfringens,
S. aureus, and B. cereus, are typically the result of un-
safe food handling practices that allow toxin to be
formed in cooked food. C. perfringens, S. aureus,
and B. cereus together accounted for more than
one-third of all outbreaks, with C. perfringens causing
nearly a third of all illnesses, indicating that lapses in
safe food handling practices were common in
poultry-associated outbreaks. For caterers, the prom-
inence of C. perfringens as a cause of poultry-
associated outbreaks emphasizes the importance of
proper holding times and temperature control, espe-
cially for foods that are prepared in advance and
held for relatively long periods before or while being
served [16, 17]. C. perfringens caused nearly half of
the 13 largest poultry-associated outbreaks, which
themselves represented only 9% of all poultry-
associated outbreaks but accounted for nearly half
of all illnesses. Especially large C. perfringens out-
breaks occurred in institutional settings, where other
toxin-mediated outbreaks also are common [18, 19].
Lack of knowledge about safe food preparation tech-
niques contributes to suboptimal practices [20, 21].
Improving holding practices for poultry-containing
foods, especially in large congregate settings, could re-
duce markedly the number of outbreak-associated
illnesses.

Seasonal consumption patterns and lapses in safe
food preparation practices were also important drivers
of poultry-associated outbreaks. Nearly half of all
turkey-associated outbreaks occurred during the
November (Thanksgiving) and December (Christmas)
holiday season in the United States, when turkey is
traditionally eaten. According to quarterly USDA
data from 1998 to 2012 on turkeymeat ‘disappearance’,
31% of turkeys are eaten in the last 3 months of the year
[1]. As 42% of all turkey-associated outbreaks occurred
in November and December, factors beyond increased
consumption might contribute to turkey-associated
outbreaks in those two months. Investigators more
commonly identified C. perfringens as the cause of tur-
key-associated outbreaks during these twomonths than
the rest of the year, likely reflecting food-handling
errors. The importance of safe handling practices, in-
cluding proper holding, cooling, storage, and reheating

of food, is highlighted by the increased number of out-
breaks with reported improper food-handling practices
during the holiday season for both turkey and chicken.

Contamination of food by a food handler can also
cause poultry-associated outbreaks. Norovirus typically
contaminates food during handling by infected persons.
Norovirus caused about 1 in 9 restaurant-associated out-
breaks with a confirmed pathogen, and because health
department access to norovirus diagnostics were often
limited in the early years of our study, it likely caused
even more of the outbreaks with a suspected pathogen.
Infected food handlers who do not wash hands well
after defecating, whether asymptomatic or ill, can con-
taminate many dishes, infecting many people. Persons
with gastrointestinal illness should not handle food for
others, yet food handlers often work when ill, especially
when they do not have paid sick leave [22, 23].

The true contribution of contaminated poultry to
outbreaks and to overall foodborne illness is likely
even higher than what we report, for several reasons.
When a food contains several ingredients, and the epi-
demiological or laboratory evidence implicates only
the food and not the contaminated ingredient, poultry
will not be implicated, even if it is contaminated.
Moreover, pathogens on poultry can cross-
contaminate other foods during food preparation
[24]. Such outbreaks would be attributed to the
other (cross-contaminated) food or no food (cross-
contamination of several foods can make identifica-
tion of the source impossible), not to poultry. In
fact, one risk assessment suggested that cross contam-
ination of ready-to-eat foods from contaminated
poultry might cause more illnesses than inadequate
cooking of poultry [25]. Antibiotic-resistant salmon-
ella has caused recent poultry-associated outbreaks
and high rates of hospitalization [9, 26], heightening
the urgency of implementing focused interventions.

Several general limitations of foodborne disease
outbreak surveillance exist. Restaurant- and caterer-
associated outbreaks are more likely to be investigated
and reported than outbreaks associated with other
settings [27]. Therefore, our finding that these settings
account for half of poultry-associated outbreaks
probably reflects some degree of surveillance bias.
Salmonella might be overrepresented, compared with
toxin-mediated illnesses, because of the longer dur-
ation of symptoms, more severe illness in salmonel-
losis, and microbiological diagnosis of Salmonella
infection is more common. In many outbreaks, a
pathogen is not identified, either because clinical sam-
ples are not collected, food has already been thrown
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away by the time an investigation is initiated, an epi-
demiological link cannot be found, or because of
other factors [28]. National foodborne disease out-
break surveillance is passive, leading to underreport-
ing. In addition, we could not meaningfully assess
trends, given the relatively limited number of out-
breaks during the study period.

Regulatory agencies in the United States have imple-
mented measures to reduce poultry-associated illness. In
1996, FSIS issued the Pathogen Reduction; Hazard
Analysis and Critical Control Point Systems Final
Rule, which set standards for Salmonella for whole
chickens, ground turkey, and ground chicken for poult-
ry processing establishments. In 2006, FSIS implemen-
ted baseline prevalence performance standards for
Salmonella for turkey carcasses [29] and, in 2011,
strengthened standards for whole chicken samples yield-
ing Salmonella and implemented a new standard for
Campylobacter for whole chickens [30]. In addition,
FSIS strengthened standards for pooled turkey carcass
samples yielding Salmonella and Campylobacter in
2011 [30]. In 2015, FSIS proposed new performance
standards for Salmonella and Campylobacter on chick-
en parts and not-ready-to-eat comminuted poultry
[31]. Spurred by multiple outbreaks of Listeria infection
associated with turkey delicatessen meat [32, 33],
USDA initiated regulations in 2003 that addressed
this issue [34]; from 2003 to 2013, only one outbreak
of listeriosis associated with poultry delicatessen meat
was reported, which occurred in 2005 [35, 36]. The U.
S. Food and Drug Administration (FDA) also has
helped to set a model for food safety practices and reg-
ulations in restaurants and institutional settings through
its Food Code [37], and some states have implemented
restaurant manager food-safety training [38]. In add-
ition, US federal government-wide efforts, such as the
Department of Health and Human Services’ food safety
website (www.foodsafety.gov) and the Ad Council’s
campaigns with the USDA on food safety during the
Thanksgiving holidays, educate consumers about food
safety practices.

Understanding the pathogens, settings, contamin-
ation factors, and poultry types leading to poultry-
associated outbreaks helps identify lapses in food safety
practices along the farm-to-fork continuum and helps
target interventions needed to decrease illnesses asso-
ciated with poultry in the United States. These sources
and circumstances of food contamination leading to ill-
ness might be common across countries, and the
fast-growing consumption of poultry worldwide places
urgency on identifying additional sources and

circumstances. Successful efforts to curb
poultry-associated illnesses could have a large impact
on the overall incidence of foodborne illnesses in the
United States and beyond.

SUPPLEMENTARY MATERIAL

For supplementary material accompanying this paper
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