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Background. Salmonella serotype Tennessee is a rare cause of the estimated 1 million cases of salmonellosis

occurring annually in the United States. In January 2007, we began investigating a nationwide increase in Salmonella

Tennessee infections.

Methods. We defined a case as Salmonella Tennessee infection in a patient whose isolate demonstrated 1 of 3

closely related pulsed-field gel electrophoresis patterns and whose illness began during the period 1 August 2006

through 31 July 2007. We conducted a case-control study in 22 states and performed laboratory testing of foods and

environmental samples.

Results. We identified 715 cases in 48 states; 37% of isolates were from urine specimens. Illness was associated

with consuming peanut butter more than once a week (matched odds ratio [mOR], 3.5 [95% confidence interval

{95% CI}, 1.4–9.9]), consuming Brand X peanut butter (mOR, 12.1 [95% CI, 3.6–66.3]), and consuming Brand Y

peanut butter (mOR, 9.1 [95% CI, 1.0–433]). Brands X and Y were produced in 1 plant, which ceased production

and recalled products on 14 February 2007. Laboratories isolated outbreak strains of Salmonella Tennessee from 34

Brands X and Y peanut butter jars and 2 plant environmental samples.

Conclusions. This large, widespread outbreak of salmonellosis is the first linked to peanut butter in the United

States; a nationwide recall resulted in outbreak control. Environmental contamination in the peanut butter plant

likely caused this outbreak. This outbreak highlights the risk of salmonellosis from heat-processed foods of

nonanimal origin previously felt to be low risk for Salmonella contamination.

Approximately 1 million infections from .2500

Salmonella serotypes occur annually in the United

States [1]. Most occur after ingestion of contaminated

foods, either foods of animal origin or raw agricultural

products. In recent years, however, Salmonella outbreaks

have been associated with a variety of food vehicles,

including cereal, orange juice, and ice cream, some

previously thought to be at low risk for Salmonella

contamination [2–6].

Salmonella serotype Tennessee infections are rare, and

the sources of most of these infections are unknown. An

average of 52 cases of Salmonella Tennessee infection

were reported to the National Salmonella Surveillance

System annually during 1995–2004, 0.1% of all Salmo-

nella strains [7]. The only previously reported Salmonella

Tennessee outbreak was due to contaminated powdered

milk [8]. Salmonella usually causes gastroenteritis, but

certain serotypes, including Salmonella Tennessee, also

infect the urinary tract [9].
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In November 2006, United States public health officials noted

a widespread increase in the number of Salmonella Tennessee

isolates with matching pulsed-field gel electrophoresis (PFGE)

patterns reported to the Centers for Disease Control and Pre-

vention (CDC) PulseNet, the molecular subtyping network for

foodborne disease surveillance. By 1 December, 52 isolates with

identical PFGE patterns had been reported from 25 states during

the preceding 4 months, compared with 55 isolates reported

during the preceding 2 years. We conducted a multistate

investigation of this increase to identify the source and rec-

ommend control measures. Preliminary findings from this

investigation were previously reported [10].

METHODS

Case Finding
We defined an outbreak case as infection with Salmonella

Tennessee with 1 of 3 closely related CDC PulseNet PFGE

patterns (XbaI patterns JNXX01.0010, JNXX01.0011, and

JNXX01.0026) in a person residing in the United States with

illness onset from 1 August 2006 to 31 July 2007 (or, if onset

date was unknown, with Salmonella Tennessee isolated from

1 August 2006 to 31 July 2007). Initial case finding focused on

isolates with pattern JNXX01.0011, for which increased reports

to PulseNet were noted. The case definition was expanded to

include patterns JNXX01.0026 (after some patients were found

to have strains with this pattern and JNXX01.0011 in the same

specimen) and JNXX01.0010 (after strains with this pattern were

isolated from implicated foods). We requested state public

health laboratories to perform PFGE analysis on Salmonella

Tennessee isolates received during this time period, and we

queried the PulseNet database for isolates with matching PFGE

patterns. To ascertain cases internationally, alerts were issued

through the World Health Organization’s International Food

Safety Authorities Network, the Global Salmonella Surveillance

Program, and PulseNet International.

In January 2007, to develop hypotheses regarding possible

food vehicles, public health officials in 13 states interviewed 31

patients with an outbreak strain and onset of gastrointestinal

symptoms during the preceding month using a standardized

survey instrument of �200 food items. Case exposures were

compared with food consumption data from the Foodborne

Diseases Active Surveillance Network (FoodNet) population

survey, a population-based survey of respondents in 10 FoodNet

sites, collected from May through August 2006 [11]. A single

interviewer then conducted detailed interviews of 6 patients to

obtain additional product information.

Case-Control Study
In February 2007, we conducted a case-control study to identify

the food vehicle. For this study, a case was defined as infection

with Salmonella Tennessee (pattern JNXX01.0011) in a person

$18 years old with a history of diarrhea and illness onset from

1 August 2006; cases with urine and stool isolates were included.

Control participants were adults who did not report diarrhea in

the preceding 2 weeks, matched to case patients by geographic

location using an online reverse telephone directory. Case patients

were asked about consumption of suspected food items identified

by the hypothesis-generating interviews and specific brands of

foods during the 7 days before diarrhea onset; control participants

were asked about the 7 days before the interview. Patients with the

most recent illness onset were prioritized for interview.

Further Case Finding and Case Exposure Assessment
To assess exposure to implicated products among patients

with illness occurring after the products were recalled, we

interviewed patients with illness onset after 14 February 2007.

In addition, to determine whether cases of Salmonella Tennessee

infection reported before the outbreak period were associated

with exposure to Brand X or Y peanut butter, we attempted

to interview 55 patients infected with an outbreak strain re-

ported from 1 December 2004 to 1 August 2006; these patients

were asked about typical food consumption rather than food

consumption before illness onset.

Trace-Back and Environmental Investigation
The US Food and Drug Administration (FDA) investigated the

manufacturing plant that produced Brands X and Y peanut

butter. FDA inspectors reviewed quality control and production

records, including consumer complaints, maintenance and in-

stallation of equipment, cleaning and sanitizing procedures, raw

materials, product inventory, distribution, and in-house testing

procedures and results; inspected plant facilities; and collected

environmental swabs, raw ingredient samples, and finished

peanut butter product for bacterial culture.

Microbiologic Investigation
Patients’ Salmonella isolates were serotyped and subtyped by

means of PFGE at 31 state public health laboratories using stan-

dardmethods [12, 13]. Samples of leftover Brands X and Y peanut

butter collected from patients and grocery stores in February 2007

were cultured for bacteria at state public health laboratories [14].

Environmental and peanut butter samples collected during

the FDA’s investigation of the manufacturing plant were cultured

for bacteria at FDA laboratories, and the FDA performed sero-

typing and PFGE on food and environmental Salmonella isolates.

Statistical Analysis
Statistical analysis was performed using SAS, version 9.1. We

estimated matched odds ratios (mORs) and 95% confidence

intervals (CIs) using exact conditional logistic regression.

Comparisons were performed using v2, Fisher exact, or Wil-

coxon rank sum tests where appropriate.
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RESULTS

Case Finding and Descriptive Epidemiology
A total of 715 cases were identified in 48 states (Figure 1).

Patients had a median age of 53 years (range, 2 months to 95

years); 519 of 708 (73%) were female. Among 707 Salmonella

isolates where specimen site was available, 421 (60%) were from

stool specimens, 264 (37%) were from urine specimens, and

22 (3%) were from other or multiple specimen sources. The

median age of patients with urine isolates was 62 years (range,

2 to 94 years), compared with 48 years (range, 2 months to

95 years) for patients with stool isolates. Ninety-four percent

(247/263) of patients with urine isolates were female, compared

with 62% (257/416) of patients with stool isolates (Figure 2).

Symptom onset dates (known for 546 patients) ranged from

1 August 2006 to 24 July 2007 (Figure 3). Clinical data (known

for 442 patients) indicated that 118 of 415 (28%) visited an

emergency department for their illness, 321 of 411 (78%) re-

ceived antibiotics, 93 of 423 (22%) were hospitalized, and none

died from Salmonella infection. Symptoms of infection included

diarrhea (303/427, 71%), abdominal cramps (263/412, 64%),

nausea (216/406, 54%), dysuria (183/398, 46%), fever (165/399,

Figure 2. Age distribution of individuals with Salmonella Tennessee infection with outbreak-associated pulsed-field gel electrophoresis pattern by
sex and isolate site (N 5 675).

Figure 1. Number of reported cases of Salmonella Tennessee infection with outbreak-associated pulsed-field gel electrophoresis pattern per
1 000 000 population, by state—1 August 2006 through 31 July 2007 (N 5 715).
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41%), vomiting (126/431, 29%), and bloody diarrhea (63/

402, 16%). Among patients with urine isolates, 87% (134/

154) reported dysuria and 36% (55/152) reported diarrhea.

Among patients with stool isolates, 18% (42/233) reported

dysuria and 91% (241/266) reported diarrhea. Diarrhea and

urinary symptom onset dates were available for 24 patients with

urine isolates who reported both symptoms. The median time

from diarrhea onset until urinary symptom onset was 12.5 days

(range, 3–59 days).

Case Investigations
An initial investigation indicated that cases were not clustered

geographically. Routine patient interviews conducted by local

officials did not reveal common food exposures. Interviews of

31 patients using a standard food-consumption survey instrument

indicated that, of the 200 exposures listed in the survey, con-

sumption of turkey and peanut butter among patients (48% and

85%, respectively) were higher than would be expected from the

FoodNet population survey (Table S1, available online). Five of

6 patients who underwent detailed, directed interviews had eaten

peanut butter in the week before illness onset, and 4 patients

named Brand X as at least 1 of the brands they ate before illness

onset.

Case-Control Study
The median ages for the 65 patients and 124 control participants

enrolled in the case-control study were 53 (range, 18 to 81 years)

and 58 (range, 18 to 98 years) years, respectively (P5 .44). Fifty-

three of 65 (82%) patients and 70 of 119 (59%) control par-

ticipants were female (P 5 .003. Eighty-one percent of patients

and 65% of control participants reported eating peanut butter

(mOR, 1.9 [95% CI, 0.8–5.2]). Patients were more likely than

control participants to have eaten peanut butter more than once

a week (66% vs 40%;mOR, 3.5 [95%CI, 1.4–9.9]), to have eaten

Brand X peanut butter (61% vs 13%; mOR, 12.1 [95% CI, 3.6–

63.3]), and to have eaten Brand Y peanut butter (8% vs 1%;

mOR, 9.1 [95% CI, 1.0–433]). Neither consumption of other

peanut butter brands nor consumption of turkey products was

associated with illness (Table 1). Controlling for age and sex had

negligible effects on the magnitudes of these associations. The

population attributable fractions were 56% and 7% for Brands X

and Y, respectively.

Product Investigation and Further Case Finding
Epidemiologic data suggesting Brands X and Y peanut butter as

the possible sources of the outbreak were provided to FDA of-

ficials on 13 February 2007. The following day, the FDA issued

Figure 3. Number of cases of Salmonella Tennessee infection with outbreak-associated pulsed-field gel electrophoresis pattern for which date of
symptom onset was available, by week of symptom onset—United States, 1 August 2006 through 31 July 2007 (N 5 546).

Table 1. Selected Food Exposures From Case-Control Study

Exposure Case patients (n 5 65) Control participants (n 5 124) mOR (95% CI)

Peanut butter 50/62 (81) 80/124 (65) 1.9 (.8–5.2)

Peanut butter more than once per week 39/59 (66) 49/124 (40) 3.5 (1.4–9.9)

Brand X peanut butter 37/61 (61) 15/119 (13) 12.1 (3.6–63.3)

Brand Y peanut butter 5/61 (8) 1/119 (1) 9.1 (1.0–433)

Turkey 15/61 (25) 18/123 (15) 2.3 (.9–6.3)

NOTE. Data are proportion (%) of participants. CI, confidence interval; mOR, matched odds ratio.
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a consumer health alert indicating not to eat Brand X or Y

peanut butter, both of which were manufactured in a single

facility operated by Company A. Company A voluntarily recalled

the products, destroyed existing products in their possession,

and halted production pending further investigation. Peanut

butter from this plant had been distributed to 50 states and

exported to 70 countries. Although several cases of salmonellosis

associated with Brand X peanut butter consumption were in-

vestigated, no laboratory-confirmed outbreak cases were re-

ported from other countries.

New case reports decreased substantially after the 14 February

peanut butter recall but did not return to preoutbreak levels

until months later (Figure 3). Among 685 patients with known

illness onset or specimen collection dates, 212 (31%) had illness

or specimen onset dates that occurred $1 week after the recall.

Compared with those reporting illness before the recall, patients

who reported illness after the recall were more likely to be

older (median age, 59 vs 49 years; P , .001) and to have urine

Salmonella Tennessee isolates (52% vs. 30%; P , .001). Among

64 patients with illness after the recall who provided food con-

sumption histories, 79% ate peanut butter during the week be-

fore illness onset, 55% ate Brand X or Y peanut butter, and 19%

had Brand X or Y peanut butter jars in their homes at the time of

the interview. Of these patients, 95% were aware of a peanut

butter recall, 81% correctly identified that the recall involved

Brand X, and 51% correctly identified that it involved Brand Y.

On 9 March 2007, Company A extended its recall to include

all Brands X and Y peanut butter produced at the implicated

plant purchased since October 2004. Among 12 of 55 patients

with cases occurring before the outbreak period that could be

contacted, 11 (91%) reported eating peanut butter in a typical

week; 8 (73%) of these ate peanut butter more than once per

week, and 5 (60%) ate Brand X.

FDA investigation of plant operations was limited, because

the plant had halted operations 1 day before. Company A did

not report malfunctions of the peanut roaster, but the actual

roasting temperature of peanuts during normal operations

could not be measured. Some roasted peanuts were held in

uncovered bins. Company A did not report maintenance or

repair issues of production equipment. No trends in employee

illnesses were noted. Review of finished product and environ-

mental testing performed by Company A from 2005 and 2006

noted no evidence of contamination. However, records showed

that Salmonella had been isolated from peanut butter jars in the

plant in October 2004; these jars had previously been destroyed,

and molecular typing was not available [15].

Microbiologic Investigation
Salmonella Tennessee with a PFGE pattern matching 1 of the

outbreak strains (JNXX01.0011) was first isolated from leftover

peanut butter from a patient by the Iowa State Public Health

Laboratory on 22 February 2007; eventually, an outbreak strain

was isolated from 34 of 298 opened and unopened Brand X and

Y peanut butter jars with production dates from 27 July 2006

through 29 January 2007. An additional outbreak-associated

strain (JNXX01.0010) was isolated from some of these peanut

butter samples (Figure S1, available online). A Brand X peanut

butter jar obtained from a store in the Philippines also yielded

1 of the outbreak strains (JNXX01.0011) (C. Carlos, MD, written

communication, April 2007).

The FDA isolated Salmonella Tennessee with a PFGE pattern

matching 1 of the outbreak strains (JNXX01.0011) from 2 plant

environmental samples that were collected from the peanut

roasting room (Figure S1, available online).

Public Health Response
In response to this outbreak, Company A installed new equipment

at the manufacturing plant, made repairs to the roof, cleaned and

sanitized the plant, ensured separation of raw ingredients from

post–peanut-roasting areas that handle processed product, created

a new Hazard Analysis and Critical Control Points Plan, and

implemented a revised environmental testing program for Sal-

monella [16]. The plant reopened in September 2007; since then,

Salmonella Tennessee infections have not increased. One of the

outbreak strains (JNXX01.0010) has not been reported to CDC

PulseNet since 2007, and only 14 isolates matching the other 2

outbreak strains (JNXX01.0011 and JNXX01.0026) have been

reported from 1 January 2009 until 30 April 2010.

DISCUSSION

This is the first reported outbreak caused by peanut butter

consumption in the United States. The outbreak was wide-

spread and prolonged, with 715 cases reported in 48 states

during a period of 1 year. Considering underascertainment of

cases through laboratory-based surveillance, estimating 29

outbreak cases for each culture-confirmed case [1], there may

have been .20 000 persons ill from this outbreak. The source

of the outbreak was traced to peanut butter produced at a single

facility and distributed under 2 brands, although because of

higher population exposure, 1 brand of peanut butter ac-

counted for the majority of outbreak-related illnesses. One

peanut butter–associated outbreak was previously reported,

a smaller outbreak of Salmonella Mbandaka infections occur-

ring in Australia in 1996 [17–19]. Other peanut-associated

outbreaks include Salmonella Agona infections associated with

a peanut-flavored snack produced in Israel [20, 21] and

Salmonella Stanley and Newport infections associated with Asian-

style peanuts [22]. In 2008–2009, contaminated peanut butter

and peanut butter–containing products from a different man-

ufacturer resulted in a large multistate outbreak of Salmonella

Typhimurium infections. In this Salmonella Typhimurium

360 d CID 2011:53 (15 August) d Sheth et al

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/53/4/356/446014 by U

.S. D
epartm

ent of Justice user on 17 August 2022



outbreak, Salmonella Tennessee with a PFGE pattern matching

the outbreak described in this paper was also isolated from an

unopened container of the implicated brand of peanut butter,

but no concomitant increase in human Salmonella Tennessee

infections was seen [23].

Although peanut butter may have previously been considered

at low risk for Salmonella contamination, these outbreaks in-

dicate that this is not the case. It is unclear how peanut butter

became contaminated in this outbreak, although several factors

may have contributed. Peanuts could have become contami-

nated with salmonellae during growth, harvest, or storage.

Salmonellae can enter food-processing plants by various

mechanisms, such as through raw agricultural products, water,

animals, humans, or other surfaces. The organisms are able to

survive high temperatures in high-fat, low water activity envi-

ronments [24]. Peanut butter provides such an environment,

and Salmonella has been shown to survive for at least 6 months

in peanut butter [25]. Although peanuts are typically roasted

at .150�C and peanut butter is heated to .70�C during

grinding and milling, such heating might not reliably eliminate

salmonellae from the finished product if heating is heterogeneous

or if contamination occurs after heating [26, 27].

Investigation of cases that occurred prior to August 2006

suggests that contamination may have begun even before the

apparent outbreak period. The high proportion of cases since

December 2004 with Brand X peanut butter consumption,

isolation of the outbreak strain from environmental samples

from the plant, and the report of Salmonella found in peanut

butter tested in 2004, all suggest that the outbreak could have

been related to prolonged environmental contamination at the

manufacturing plant.

Case counts decreased the week after the recall, and iden-

tification of the outbreak vehicle likely prevented hundreds of

illnesses. However, case counts did not return to baseline

levels until months later. Regulatory actions and the scope of

the recall were expansive, and the outbreak received intensive

media attention [28]; however, some people continued to

consume the implicated product. Interviews of individuals

who became ill after the recall indicate that a high proportion

of them were aware of the recall, suggesting that they did not

understand that the recall applied to a product in their pos-

session or did not appreciate the risk associated with con-

suming a recalled product. The typical shelf life of peanut

butter is 12–18 months, so implicated brands may have re-

mained in consumer homes for months after they were no

longer available in stores. This experience suggests that

product recalls related to outbreak investigations, although

often necessary and effective public health measures, are im-

perfect tools for controlling the safety of a food.

The frequency of urinary tract infections (UTIs) due to Sal-

monella was unusually high in this outbreak and may have

contributed to its prolonged nature. Salmonella UTIs are

thought to most commonly arise after gastrointestinal infection.

A report of a 1998 outbreak of Salmonella Havana described

urinary isolates in 33% of patients; gastrointestinal symptoms

were not described [29]. A review from Austria reported that

10% of patients with symptomatic Salmonella UTIs had gas-

trointestinal symptoms and 50% had Salmonella isolated from

the stool without gastrointestinal symptoms [30]. In this out-

break, more than one-third of patients with UTIs reported di-

arrhea associated with their illness. Although the incubation

period of Salmonella gastroenteritis has been well described, the

incubation period for UTIs after gastrointestinal infection is not

known. The time from diarrhea onset until urinary symptom

onset in this outbreak ranged from 3 to 59 days, suggesting that

Salmonella shedding may have lasted for weeks after gastroin-

testinal infection in these patients.

The high rate of UTIs in this outbreak suggests that organisms

that cause urinary infections may be widely distributed through

contaminated food. A foodborne reservoir for certain strains

of uropathogenic Escherichia coli has been suggested, but its

distribution through a specific food vehicle has not been clearly

demonstrated [31]. A review of urinary Salmonella isolates re-

ported to the CDC between 1995 and 1999 showed that urinary

isolates represented 4% of all Salmonella isolates, an increase

from previous years [9]. Salmonella Tennessee had the highest

urine-to-stool isolate ratio among reported serotypes, suggesting

that currently unrecognized serotype-specific factors may either

increase uropathogenicity or decrease enteropathogenicity, re-

sulting in overrepresentation of these serotypes isolated from

urine.

This outbreak reveals the potential for widespread illness from

a broadly distributed contaminated product with a long shelf

life. Such outbreaks are often diffuse and evolve slowly, with

illnesses occurring over months to years. Salmonella surveillance

with serotyping and molecular subtyping is essential in detecting

such outbreaks. This outbreak also shows that processed foods

can become contaminated even when the production process

includes a heat treatment step, underscoring the need for ef-

fective controls in food processing plants to ensure adequate

heat treatment and to prevent contamination after heat treat-

ment. Further investigations of Salmonella outbreaks and pro-

cessing plants associated with these outbreaks will guide

recommendations for preventive controls.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online

(http://www.oxfordjournals.org/our_journals/cid/). Supplementary materi-

als consist of data provided by the author that are published to benefit the

reader. The posted materials are not copyedited. The contents of all sup-

plementary data are the sole responsibility of the authors. Questions or

messages regarding errors should be addressed to the author.
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