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Background. The National Outbreak Reporting System (NORS) captures data on foodborne, waterborne, and enteric illness 
outbreaks in the United States. This study describes enteric illness outbreaks reported during 11 years of surveillance.

Methods. We extracted finalized reports from NORS for outbreaks occurring during 2009–2019. Outbreaks were included if 
caused by an enteric etiology or if any patients reported diarrhea, vomiting, bloody stools, or unspecified acute gastroenteritis.

Results. A total of 38 395 outbreaks met inclusion criteria, increasing from 1932 in 2009 to 3889 in 2019. Outbreaks were most 
commonly transmitted through person-to-person contact (n = 23 812; 62%) and contaminated food (n = 9234; 24%). Norovirus 
was the most commonly reported etiology, reported in 22 820 (59%) outbreaks, followed by Salmonella (n = 2449; 6%) and Shigella 
(n = 1171; 3%). Norovirus outbreaks were significantly larger, with a median of 22 illnesses per outbreak, than outbreaks caused by 
the other most common outbreak etiologies (P < .0001, all comparisons). Hospitalization rates were higher in outbreaks caused by 
Salmonella and Escherichia coli outbreaks (20.9% and 22.8%, respectively) than those caused by norovirus (2%). Case fatality rate was 
highest in E. coli outbreaks (0.5%) and lowest in Shigella and Campylobacter outbreaks (0.02%).

Conclusions. Norovirus caused the most outbreaks and outbreak-associated illness, hospitalizations, and deaths. However, per-
sons in E. coli and Salmonella outbreaks were more likely to be hospitalized or die. Outbreak surveillance through NORS provides 
the relative contributions of each mode of transmission and etiology for reported enteric illness outbreaks, which can guide targeted 
interventions.
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Acute enteric illness or gastroenteritis, most commonly char-
acterized by diarrhea and/or vomiting, has been estimated to 
cause approximately 179 million illnesses in the United States 
annually [1]. Norovirus is the leading cause of enteric illness 
outbreaks worldwide [2, 3]. However, enteric illnesses can be 
caused by many different viral, bacterial, and parasitic patho-
gens as well as by toxins and chemicals.

Surveillance for foodborne and waterborne disease outbreaks, 
including enteric illness outbreaks, has been a core function 
of the US Centers for Disease Control and Prevention (CDC) 
since the 1970s [4, 5]. In 2009, CDC expanded and stream-
lined its outbreak surveillance by establishing the National 
Outbreak Reporting System (NORS), a platform that combined 
foodborne and waterborne disease outbreak reporting and 
added reporting of enteric illness outbreaks transmitted by con-
tact with environmental sources, infected persons or animals, 

or indeterminate or unknown modes of transmission [6]. State, 
local, and territorial public health agencies can voluntarily re-
port these outbreaks to CDC via a web-based platform.

Data captured in NORS provide more information on en-
teric illness outbreaks than foodborne and waterborne disease 
outbreak surveillance alone by including outbreaks transmitted 
through other modes. The goal of this study is to describe the 
distribution of specific etiologies (ie, pathogens, toxins, chem-
icals), modes of transmission, and other characteristics of en-
teric illness outbreaks in the United States since establishment 
of NORS in 2009.

METHODS

Finalized outbreak reports were extracted on 24 February 2021 
from NORS for outbreaks with first illness onset occurring 
during 2009–2019. Outbreaks in NORS are defined as 2 or 
more cases of similar illness associated with a common expo-
sure. NORS captures outbreaks with exposures in US states, the 
District of Columbia, and US territories and Freely Associated 
States (referred to hereafter as “reporting sites”). Annual pop-
ulation estimates from 2009–2019 were available from the US 
Census Bureau for the 50 US states, the District of Columbia, 
and Puerto Rico and were used to calculate average annual 

mailto:ezq1@cdc.gov?subject=
mailto:ezq1@cdc.gov?subject=
https://doi.org/10.1093/cid/ciab771
https://orcid.org/0000-0001-6894-5041


Enteric Illness Outbreaks—United States, 2009–2019 • cid 2022:74 (1 June) • 1907

outbreak reporting rates, expressed per 1 million population 
[7, 8]. Outbreaks in which exposure occurred in more than 
1 reporting site (“multisite outbreaks”) were assigned as an 
outbreak to each site involved for the purpose of rate calcula-
tions. Primary mode of transmission was determined by each 
reporting site. Outbreak and case definitions might not be 
consistent across all sites. Medians were compared using the 
Wilcoxon rank-sum test. All analyses were conducted in SAS 
version 9.4 (SAS Institute).

The setting of exposure was the setting where patients were 
exposed to the outbreak etiology; for foodborne outbreaks, this 
was the location(s) of food preparation. Four of the most com-
monly reported symptoms (diarrhea, vomiting, bloody stools, 
and fever) were used to assess the symptom profile of patients. 
Not all symptoms or patient outcomes were reported for all out-
breaks, and data were not available for all patients on specific 
symptoms or outcomes. Therefore, symptoms and outcomes are 
presented as the percentage of patients reporting that symptom 
or outcome among all patients with that information available.

Outbreak reports with only a reported nonenteric etiology 
were excluded from analysis (see Supplementary Methods and 
Supplementary Table 1). If no specific etiology was reported for 
an outbreak, the report was included if any patients reported 
symptoms of diarrhea, vomiting, bloody stools, or unspeci-
fied acute gastroenteritis. Outbreaks with no reported etiology 
and no symptom information were excluded from analysis. 
Outbreak etiologies were considered laboratory-confirmed if 
defined as such by the reporting site or if 2 or more laboratory-
confirmed cases were identified. Unless otherwise specified, all 
figures and analyses include both laboratory-confirmed and 
suspected etiologies.

RESULTS

Reporting Trends

A total of 40 865 outbreaks were reported through NORS with 
a first illness onset during 2009–2019. Of these, 571 (1.4%) 
were outbreaks with a reported nonenteric etiology, primarily 
Legionella (n = 429), chlorine/chlorine gas (n = 37), and hep-
atitis A (n = 33) (Supplementary Table 1). An additional 1899 
(4.6%) outbreak reports did not include an outbreak etiology 
and no patients reported vomiting, diarrhea, bloody stools, or 
unspecified gastroenteritis. The final analysis dataset included 
38 395 enteric illness outbreaks.

The number of enteric illness outbreaks reported each year 
ranged from 1942 in 2009 to a peak of 4145 outbreaks in 2016 
(Figure 1). The annual number of reported outbreaks was lowest 
during 2009–2011 and then stabilized, with a median of 3909 
outbreaks reported annually during 2012–2019. Outbreaks were 
most commonly transmitted through direct person-to-person 
contact (n = 23 812; 62%), followed by foodborne transmission 
(n = 9234; 24%), unknown mode of transmission (n = 4313; 11%), 
waterborne transmission (n = 466; 1%), animal contact (n = 462; 
1%), and environmental contamination (n = 108; 0.3%).

Outbreak exposures occurred in all 50 US states; Washington, 
DC; Puerto Rico; and American Samoa. A total of 37 828 (99%) 
outbreaks resulted from exposures that occurred in a single re-
porting site. The 567 (1%) multisite outbreaks were most com-
monly associated with foodborne transmission (n = 386; 68%) 
or animal contact (n = 117; 21%).

A median of 15.8 outbreaks were reported in each reporting 
site per million population per year (range: 2.9 [New Jersey] 
to 60.0 [Rhode Island]) (Figure 2). Reporting varied by mode 
of transmission. A  median of 52 sites reported foodborne 
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Figure 1. National Outbreak Reporting System outbreak reports by year and mode of transmission, 2009–2019 (N = 38 395).
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outbreaks annually during both 2009–2011 and 2012–2019 
(data not shown). The number of sites reporting at least 1 per-
son-to-person outbreak annually increased from a median of 43 
sites during 2009–2011 to 47.5 sites during 2012–2019 (P < .05), 
but this was still significantly lower than the median of 52 sites 
reporting foodborne outbreaks (P < .01).

Outbreaks by Etiology

Norovirus was the most commonly reported sole suspected or 
laboratory-confirmed outbreak etiology, reported in 22 820 (59%) 

of 38 395 outbreaks (Table 1). Other commonly reported outbreak 
etiologies were as follows: Salmonella in 2249 (6%) outbreaks, 
Shigella in 1171 (3%) outbreaks, Escherichia coli in 797 (2%) out-
breaks, and Campylobacter in 634 (2%) outbreaks. A total of 16 319 
outbreaks had at least 1 laboratory-confirmed etiology. Norovirus 
was the sole laboratory-confirmed etiology reported in 10  057 
(62%) outbreaks, followed by 2183 (13%) laboratory-confirmed 
Salmonella outbreaks and 951 (6%) laboratory-confirmed Shigella 
outbreaks. A total of 7343 (19%) outbreak reports did not include 
either a suspected or laboratory-confirmed etiology.

By mode of transmission, norovirus was the most commonly 
reported single laboratory-confirmed or suspected etiology 
in person-to-person (n = 17 927; 75%), foodborne (n = 3084; 
33%), unknown mode (n = 1706; 40%), and environmental con-
tamination (n = 57; 53%) outbreaks (Table 2). Cryptosporidium 
was the most commonly reported etiology in waterborne en-
teric illness outbreaks (n = 200; 43%). Salmonella was the most 
commonly reported etiology in animal contact outbreaks of en-
teric illness (n = 213; 46%).

Outbreaks caused by the 4 most commonly reported bac-
terial pathogens occurred more often during May–October: 
Salmonella (n  =  1544; 63%), Shigella (n  =  677; 58%), E.  coli 
(n = 577; 72%), and Campylobacter (n = 422; 67%) (Figure 3). 
Most suspected or laboratory-confirmed norovirus outbreaks 
(n  =  18  824; 82%) and outbreaks with no reported etiology 
(n = 5096; 69%) occurred during November–April (Figure 3).

Norovirus outbreaks were most often transmitted by per-
son-to-person contact (n = 17 927; 79%) and foodborne trans-
mission (n = 3084; 14%) (Table 2). Just over half (n = 12 193; 
53%) of reported norovirus outbreaks occurred in long-term 
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Table 1. Most Common Suspected and Laboratory-Confirmed Enteric 
Outbreak Etiologies, 2009–2019

Suspected or Con-
firmed Etiology

Laboratory-Confirmed  
and Suspected  

(n = 38 395), n (%)
Laboratory-Confirmed 

Only (n = 16 319), n (%)

Norovirus 22 820 (59) 10 057 (62)

Salmonella 2449 (6) 2183 (13)

Shigella 1171 (3) 951 (6)

Escherichia coli 797 (2) 689 (4)

Campylobacter 634 (2) 424 (3)

Cryptosporidium 512 (1) 415 (3)

Clostridium 461 (1) 229 (1)

Scombroid toxin 
(histamine)

173 (0.5) 157 (1)

Ciguatoxin 172 (0.5) 157 (1)

Giardia 170 (0.4) 147 (1)

All other single 
etiologies

1233 (3) 760 (5)

Multiple etiologies 460 (1) 150 (1)

None reported 7343 (19) N/A

Abbreviation: N/A, not applicable.
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care facilities (LTCFs). An additional 2502 (11%) norovirus 
outbreaks occurred in schools and daycare centers, and 2372 
(10%) outbreaks occurred in restaurants. Similarly, outbreaks 
without a reported etiology were most commonly transmitted 
by person-to-person contact (n  =  3744; 51%) and by food 
(n  =  2240; 31%). These outbreaks were reported primarily in 
LTCFs (n = 3080; 42%) and restaurants (n = 1626; 22%). Shigella 
outbreaks were also most commonly transmitted by per-
son-to-person contact (n = 921; 79%) (Table 2). Most Shigella 
outbreaks (n = 757; 65%) occurred in schools and daycare cen-
ters, and 99 (8%) outbreaks occurred in private homes.

Food was the most commonly reported mode of transmis-
sion for Salmonella (n  =  1512; 61%), E.  coli (n  =  357; 45%), 
and Campylobacter (n = 314; 50%) outbreaks, followed by un-
known mode of transmission (n = 453 [19%], n = 180 [23%], 
and n = 187 [30%], respectively) (Table 2). Salmonella outbreaks 
were most commonly reported in restaurants (n  =  559; 23%) 
and private homes (n  =  482; 20%). Escherichia coli outbreaks 
were most commonly reported in private homes (n = 152; 19%) 
and schools and daycare centers (n  =  145; 18%). Similarly, 
Campylobacter outbreaks were most often reported in private 
homes (n = 164; 26%) and restaurant settings (n = 123; 19%). 
Multisite outbreaks were most commonly caused by Salmonella 
in 361 (64%) outbreaks, followed by E.  coli in 103 (18%) 
outbreaks.

Over 1 million enteric illnesses were reported from all out-
breaks (median: 100  563 illnesses per year; range: 55  787–
109 014) (Table 3). Of these, 739 220 (72%) illnesses were reported 
in norovirus outbreaks. The median number of illnesses per 
norovirus outbreak was 22 (interquartile range [IQR]: 11–41). 
This was significantly higher than the median number of cases 
in outbreaks due to Salmonella (7; IQR: 3–17), Shigella (6; IQR: 
3–14), E. coli (5; IQR: 3–11), and Campylobacter (4; IQR: 2–7) 
(P  <  .0001, all comparisons). An additional 138  765 illnesses 
were reported in outbreaks without a reported etiology, with a 
median of 11 (IQR: 5–24) illnesses per outbreak.

The highest case fatality rates (CFRs) and hospitalization 
rates were reported in E. coli outbreaks, with 38 deaths (CFR: 
0.47%) and 1828 hospitalizations (hospitalization rate: 22.8%), 
followed by Salmonella outbreaks, with 81 deaths (CFR: 
0.20%) and 8038 hospitalizations (hospitalization rate: 20.9%)  
(Table 3). The highest absolute number of deaths and hospital-
izations occurred in norovirus outbreaks, with 894 deaths (CFR: 
0.16%) and 10 384 hospitalizations (hospitalization rate: 2.0%).

Diarrhea was the most commonly reported symptom in out-
breaks attributed to the most common etiologies and in out-
breaks with no etiology reported (Figure 4). Vomiting was 
nearly as frequent in norovirus outbreaks as in outbreaks with 
no etiology reported, with 78% of patients in both types of 
outbreaks reporting diarrhea, and 70% and 67% of patients, 
respectively, reporting vomiting. Conversely, only 21% of pa-
tients in norovirus outbreaks and 22% of patients in outbreaks Ta
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without an etiology reported a fever, and 1% in both types of 
outbreaks reported bloody stools. Fever and bloody stools were 
more commonly reported in outbreaks attributed to the 4 most 
common bacterial etiologies. Forty-three percent of patients in 
E. coli outbreaks reported bloody stools, and more than half of 
Salmonella (62%), Shigella (55%), and Campylobacter (63%) pa-
tients reported a fever.

DISCUSSION

Outbreak reports form the basis for attribution estimations 
when considering policies for prevention, and robust outbreak 
surveillance is vital in guiding appropriate, targeted interven-
tions [9, 10]. The CDC conducted foodborne and waterborne 
disease outbreak surveillance prior to creating NORS, but these 
2 modes of transmission do not account for all enteric illness 
outbreaks. The number of enteric illness outbreaks reported 
through NORS more than doubled from 2009 to 2019, largely 

due to inclusion of person-to-person transmission starting in 
2009. Person-to-person contact was the primary mode of trans-
mission in nearly two-thirds of enteric illness outbreaks, and 
it is likely that sites needed additional time to implement re-
porting of these outbreaks. The increased reporting over time 
may reflect this additional time needed rather than a true in-
crease in the number of outbreaks occurring.

Outbreaks were reported to NORS with exposures occurring 
in all 50 US states; Washington, DC; Puerto Rico; and American 
Samoa. However, reporting rates varied widely by reporting 
site, with the highest reporting rate more than 20 times higher 
than the lowest reporting rate. The 3 most populous US states—
California, Texas, and Florida—all had outbreak reporting 
rates in the lowest quartile. Reporting also varied by mode, 
with fewer sites reporting person-to-person outbreaks than 
foodborne outbreaks even during recent years of surveillance. 
Differences in reporting rates by site and mode may thus be a 
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Figure 3. Outbreak reports by month of first illness for selected confirmed or suspected etiologies, 2009–2019 (N = 35 214).

Table 3. Outbreak-Associated Illnesses and Outcomes by Confirmed or Suspected Etiology, 2009–2019

Suspected or Confirmed  
Etiology Total Illnesses

Median Illnesses 
(IQR)

Hospitalizations (of Those With 
Information)

Hospitalization 
Rate

Deaths (of Those With 
Information)

Case Fatality 
Rate

Norovirus 739 220 22 (11–41)* 10 384/532 329 2.0 894/563 502 0.16

Salmonella 51 383 7 (3–17) 8038/38 469 20.9 81/40 050 0.20

Shigella 20 187 6 (3–14) 861/14 661 5.9 4/16 166 0.02

Escherichia coli 9192 5 (3–11) 1828/8030 22.8 38/8089 0.47

Campylobacter 5528 4 (2–7) 372/4315 8.6 1/4476 0.02

All other single etiologies 43 032 5 (3–14) 1990/34 699 5.7 187/36 388 0.51

Multiple etiologies 17 984 15 (7–38) 339/13 943 2.4 16/13 383 0.12

None reported 138 765 11 (5–24) 1850/117 473 1.6 121/120 144 0.10

All outbreaks 1 025 291 16 (7–33) 25 662/763 919 3.4 1342/802 148 0.17

N = 38 395. *P < .0001 for comparisons to median illnesses of Salmonella, Shigella, E. coli, and Campylobacter outbreaks.
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function of resource availability and prioritization for outbreak 
investigation rather than a true reflection of outbreak incidence.

Norovirus was the most common suspected or laboratory-
confirmed outbreak etiology, identified in over half (59%) of all 
reported enteric illness outbreaks. Norovirus spreads easily by 
many modes of transmission, due to a low infectious dose and 
ability to survive for long periods on surfaces [11]. Typically, 
norovirus causes a self-limited illness characterized by diar-
rhea and vomiting, although it can cause severe outcomes in the 
elderly and immunocompromised [12]. Norovirus outbreaks 
in this study exhibited a strong winter seasonality and were 
most often reported in LTCFs, consistent with other studies 
[13, 14]. Norovirus is also the leading cause of foodborne en-
teric illness outbreaks, identified here in 44% of foodborne out-
breaks with a reported etiology, consistent with previous studies 
[15]. Because norovirus outbreaks are so prevalent and cause 
significantly larger outbreaks than other common etiologies, 
norovirus is also the leading cause of enteric illness outbreak–
associated hospitalizations and deaths, despite being associated 
with comparatively low case fatality and hospitalization rates. 
Outbreaks with no reported etiology also exhibited a strong 
winter seasonality, were most often spread by person-to-person 
transmission, and were most often reported in LTCFs, similar 
to norovirus and suggesting norovirus as a possible etiology. 
Salmonella was identified as a leading cause of foodborne en-
teric outbreaks, second only to norovirus, in this study as in 
other studies [15]. Salmonella outbreaks were responsible for 
nearly two-thirds of multisite outbreaks. Salmonella has long 
been recognized as the predominant cause of multisite out-
breaks, which have been on the rise as food distribution, con-
sumption habits, and laboratory testing methods have evolved 

[15, 16]. PulseNet, a laboratory-based subtyping network, and 
the use of whole-genome sequencing (WGS) aid in the detec-
tion of more clusters of illness more quickly, linking cases to one 
another, and traceback to a source [17, 18]. Multisite outbreaks 
generally cause more illnesses than single-site outbreaks and, 
when combined with the high hospitalization rate of Salmonella 
outbreaks (20.9% in this study), can contribute disproportion-
ately to more illnesses and hospitalizations [16].

Shigella was also identified as a leading cause of enteric illness 
outbreaks in this study. Similar to norovirus outbreaks, Shigella 
outbreaks also mostly spread through direct person-to-person 
contact but were more often identified in school and daycare 
settings. Shigella is a well-recognized cause of enteric illness 
outbreaks in children [19, 20]. While Shigella is considered a 
year-round enteric pathogen, these findings align with other 
studies that have found a slight increase in cases in summer 
months [21, 22]. Shigella often causes a mild, self-limiting di-
arrheal illness, as illustrated by the very few Shigella outbreak–
related deaths reported to NORS [23]. Previous studies have 
shown that patients with bloody diarrhea and concurrent fever, 
symptoms commonly reported in Shigella outbreaks, are more 
likely to seek medical care than those without, potentially con-
tributing to the high hospitalization rate seen in this study [24].

The other leading bacterial enteric pathogens—Salmonella, 
E.  coli, and Campylobacter—were all most commonly associ-
ated with foodborne outbreaks. Outbreaks of these pathogens 
were identified year-round, but this study found a marked in-
crease in the summer months, as has been noted elsewhere [21, 
22]. While more than half of norovirus and Shigella outbreaks 
occurred in a single identified setting (LTCFs and schools or 
daycare centers, respectively), outbreaks caused by Salmonella, 
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Campylobacter, and E. coli did not have a predominant single 
setting. This may be due in part to upstream contamination of 
food products that are then prepared and consumed in a variety 
of settings, rather than point-source contamination of food by 
an infected foodworker, as is often the case in foodborne noro-
virus outbreaks [25].

Although Salmonella outbreaks contributed the most abso-
lute numbers of deaths and hospitalizations after norovirus, 
the highest case fatality and hospitalization rates in this study 
were attributed to E.  coli outbreaks. While many strains of 
E. coli are relatively harmless, other strains such as Shiga toxin–
producing E.  coli are a well-known cause of severe and often 
bloody diarrhea and can lead to serious outcomes like hemo-
lytic uremic syndrome and death [26]. Campylobacter infection 
typically causes a mild illness but can lead to severe complica-
tions and is the leading bacterial cause of diarrheal illness in 
the United States [27]. In this study, only 1 death was attrib-
uted to a Campylobacter outbreak, but nearly 9% of patients 
were hospitalized. Like Shigella and other bacterial pathogens, 
multidrug resistance of Salmonella and Campylobacter is of sig-
nificant concern and may, in turn, lead to more severe outcomes 
[28, 29]. Prevention efforts to reduce the overall burden of 
Salmonella, Campylobacter, and E. coli outbreaks must address 
multidrug resistance, multiple modes of transmission, contam-
ination throughout the food chain, and the diversity of settings 
in which these outbreaks have been reported.

There are multiple limitations to this study. NORS is a vol-
untary reporting system that relies on state, local, and terri-
torial public health agencies to detect, investigate, and report 
outbreaks. Therefore, data captured by NORS may not be gen-
eralizable to all outbreaks or illness associated with the etiolo-
gies reported here. Persons with an enteric illness often do not 
seek medical care, and among those who do, few provide a stool 
specimen for etiologic testing [24]. Variability in reporting by 
site and mode of transmission may introduce bias in which 
outbreaks are reported via NORS. NORS also collects data on 
foodborne and waterborne outbreaks of nonenteric illness; our 
inclusion criteria may have excluded some enteric illness out-
breaks that did not include either an etiology or symptom in-
formation in the outbreak report, or else included outbreaks of 
nonenteric illness due to a pathogen that can cause both enteric 
and nonenteric illness. Nearly 60% of outbreak reports did not 
have a laboratory-confirmed etiology, and 19% did not report 
any suspected or confirmed etiology.

This study reviewed 11 years of data on enteric illness out-
breaks for all reported etiologies and modes of transmis-
sion, building on the knowledge gained through decades of 
foodborne and waterborne outbreak surveillance. Norovirus 
is the leading cause of enteric illness outbreaks as well as 
outbreak-related deaths and hospitalizations in the United 
States. However, outbreaks due to common bacterial etiologies 
like Shigella and Salmonella continue to contribute significantly 

to morbidity and mortality. The continued efforts of local public 
health agencies to investigate and report enteric illness out-
breaks to CDC and collect and test specimens are essential in 
understanding the national burden of enteric illness outbreaks. 
Expanded enteric illness outbreak reporting through NORS has 
provided a more comprehensive picture of the relative contri-
bution of each outbreak etiology and mode of transmission and 
the characteristics of those outbreaks. Robust NORS data can, 
in turn, help track trends over time and guide targeted interven-
tions by identifying settings, sources, and patients most at risk 
for enteric illness.
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