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Abstract

The multi-state outbreak @lmonella serotype Tennessee infections associated withup&artter during 2006-
2007 was the first outbreak in the United State®@ated with this food vehicle. We investigatedether the
outbreak-related strains had any distinct viruleattabutes. We have analyzed 96 representatidatesfrom
human and non-human sources from multiple statesattachment and invasion of caco-2 cell. In lagist
regression analysis, we found ti&atmonella Tennessee strains associated with the peanut outiereak were
more likely to be highly invasive than strains froiwn-outbreak sources, OR 4.03 (95% CI 1.42, 11Ré&3ults
from this study suggest that peanut butter coulee@rovided an impetus for the expression of cersaits of
virulence genes leading to the observed high leféhvasiveness of th8almonella Tennessee contaminants.
The occurrence of this outbreak underscores theiitapce of hygienic practices in peanut butter mfecturing
plants for the prevention of such mass contaminatio

Keywords. Salmonella Tennessee; peanut butter; newly emerging foodcleshforSalmonella; risk factors for
Salmonella Tennessee

1. Introduction

Salmonella serotypes are among the most common causes ofealthb of foodborne illness ( Bell and
Kyriakides,2002) . There are over 2,500 identifgatimonella serotypes of which 20 are commonly associated
with human salmonellosis (WHO, 1993; CDC, 2008almonella TennesseeS Tennessee) is not common
among all theSalmonella serotypes that are reported each year. In the th&.average reported cases $or
Tennessee infections represent 0.01% of all repdd#monella serotypes(CDC, 2007). During 1994-2004,
there were only 52 cases of foodborne infectioas were attributable t6 Tennessee.. Historicallya®nonella
outbreaks are frequently associated with certamugs of food vehicles. However, there was one exarli
outbreak ofS. Tennessee infections that was associated wittdemd milk products and infant formula in the
United States and Canada, reported to the CemteBigease Control (CDC) in 1993(CDC, 1993)..

In November 2006, a substantial increase in thielémce ofS. Tennessee infections was reported from most of
the states in the US. The outbreak caused mone8®@ cases in 47 states, accounting for the obdencrease

in reported cases within the year(CDC, 1993;CD@72DAMA, 2007; CDC, 2009). Subsequent investigation
by the states health authorities, CDC, and the FowtiDrug Administration (FDA) demonstrated thaame
butter consumption of two specific brands was dased with the illness (JAMA, 2007;CDC, 2009). tBof

the brands were produced at the same manufactplamy andS. Tennessee strains were isolated from several
unopened and opened jars of the two brands, uratérgahe emergence of peanut butter as a newvebitle

for human salmonellosis in the US(CDC, 2007;CD@YP0O0nN February 14, 2007, a recall was implemefded
both brands, resulting in a decline of reportecsé@SDC, 2009.

Peanut butter- derived isolates have unique PF®gs. Salmonella. Tennessee isolates from the 2006-2007
outbreak displays three closely related PFGE pattedNXX01.0010, .0011, and .0026(CDC, 2007;CDC,
2009;CDC, 2010). S. Typhimurium on the other hand, displayed 2 chsstd unusual PFGE patterns. The first
cluster consisted of 18 Typhimurium isolates with PFGE pattern JPXX018.8The second cluster consisted
of 41 S. Typhimurium isolate with PFGE patterns JPXX01948XX01.1825(CDC, 2007;CDC, 2009;CDC,
2010). Isolates from the two clusters were natele similar in patterns and testing of the imsdaconfirmed
that the two clusters displayed the same pattdPXA26.0462. A different sub-typing method, multiis
variable-number tandem-repeat analysis (MLVA) shdweat the two isolates were indistinguishable aede
epidemiologically similar. As a result, the twasiers were grouped together as a single outbtegik(€DC,
2010).

we have conducted a descriptive epidemiologic aidamiologic study ofS. Tennessee isolates associated with
the national peanut butter outbreak to describe dbmographic, molecular epidemiologic, and virukenc
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attributes of a group @&. Tennessee isolates collected from clinical caééise peanut butter-associated disease
outbreak and compared them w8hTennessee isolates that were not related toutieeak.

2. Materialsand M ethods

Clinical isolates of S. Tennessee

Salmonella Tennessee isolates from clinical cases of theadesand other sources were collected from several
participating states departments of health alonth wpidemiological data, when available. A total ¥4
isolates were procured from all sources at the tifrtbe investigation. Sources are listed below:

A total of 96 isolates were profiled. Table 1 dagd the frequency counts and percentages of tHéepr®.
Tennessee isolates sources.

Attachment and invasion assay of S. Tennessee isolates with Caco-2 cells grown in tissue culture;

Attachment and invasion assays for 96 isolateS. dfennessee on Caco-2 cells were performed. The-Za
cells grown in tissue culture were obtained from ekitan Type Culture (ATCC HTB-37), and expresses
characteristics of enterocytic differentiation upeaching 80% confluency(Engle et al.,1998; Lealg2009).
Caco-2 cells were grown in complete growth medivomsisted of Dulbecco’s Modified Eagles Medium
(DMEM) supplemented with 20% (vol/vol) Fetal Bovigerum (FBS), 1% (vol/vol) nonessential amino acids
To prevent bacterial contamination, penicillin,fiael concentrations of 100 ug/ml and streptomyeina final
concentration of 100 ug/ml, were added. Cells weaintained at 3T in 5% CQ and 95% air in T-75 flasks
(Sarstedt, Numbrecht, Germany) containing 10 mtahplete growth media for Caco-2 cell lines. Celére
grown, feed every 2-4 days, and sub-cultured wieched 80% confluency using Trypsin to detach éedlm
flask walls(Kirsop and Doyle,1991; Unchern ,2009).

Availability of epidemiologic information with eadbolate and whether only few isolates were avélétom a
given source were the bases for the selection ®fis@ates from a variety of sources including hamdood,
animals, animal feed, and environmental sources\pizs were labeled before preparation for attactiraed
invasion assay. Two days prior to attachment vasion assay, select& Tennessee isolates were grown on
Tryptic Soy Agar (TSA) plates. Next day, an isethtolony was picked and inoculated into 10 ml Brtdeart
Infusion (BHI) broth tubes for bacterial growth onight. Prior to attachment or invasion assayheaid| tube
was vortexted and each bacterial isolate was platedétermine bacterial counts by plate count assay
Attachment assays were performed using isolatesrgneith and without 1% D-Mannose. For attachment
assays, each individual wells in 24well- plateseveeeded with 3.31 x 1@aco-2 cells and grown to form a
monolayer on sterile cover slips to 80% confluenciprior to attachment, wells were washed twice with
incomplete DMEM (no FBS or antibiotics) and approately 5 x 16 bacterial cells grown with and without 1%
D-mannose were added to cover slips in each weh ®iml of complete DMEM containing no antibiotics.
Twenty four- well plates were then incubated fdirin a 5% CQ@atmosphere at 37 °C. Cells were then washed
3 times with sterile Phosphate Buffer Saline (PB&gd with methanol for 15 minutes, and stainethva 1:7
dilution Giemsa stain (Sigma) for 1 hour. Eacherosilip was then removed from the wells, rinsechiABS
twice and a final rinse with distilled water andnigun coupling jars overnight to dry. Cover slipsre mounted
using “Permount” (Fishers) on microscope slides #eitl to dry overnight before examination by light
microscopy the following day(Kirsop and Doyle,19@nchern ,2009) .

Invasion assays with Caco-2 cells were performedeseribed above except incubation period was 3shou
Twenty four- well plates were then washed once witmplete DMEM and intracellular growth medium (IGM
consisting of DMEM, 20% FBS, and 1 ml of Gentamipar 100 ml was added and plates incubated. IGH wa
replaced in each well with fresh IGM every hour ohours. Plates were then processed as desaitmee for
attachment assay. The addition of Gentamicin wasion assays was meant to kill any extra-cellbkateria
without affecting growth of intracellular bactgi@ahring et al.,1990).

Statistical analysis:

SAS systems ver 9.1.3 was used to perform desezigpidemiologic study of the association betweemam
demographic epidemiologic attributes and invasiveT8nnessee strains. Frequency and percentages were
computed for variables of interest. Cross taboiatables were used to test for association ofibligton of
isolation sites of isolates by age groups and geofdeases.

Variables were categorized as binary, ordinal, oftimomial. Proc logistic procedure was used tofqren
unadjusted analyses of variables of interest viighdutcome. S. Tennessee strains with PFGE pateling in
JNXX01.0010, .0011, or .0026 were classified aairs$r associated with cases having a positive expadsu
peanut butter and related to the outbreak. Theoowt variable attachment was coded as O for negativ
attachment results and 1 for positive attachmentlt® of bacterial cells with Caco-2 cell model¢eaf
interaction was allowed following reported procemhur The interaction was assessed by microscopic
examination. Invasion results were assigned tat@gories based on the percentage of Caco-2 cgitaining
bacterial micro-colonies as observed under theasempe. Outcome for invasion was coded as eitigiiyh
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invasive (equal to or greater than 75% of Caco#d centaining bacterial micro-colonies) or invasifbetween
25 and 75% of Caco-2 cells containing bacteriarmaolonies).

3. Results

Descriptive analysis:

Of the 96 isolates profiled, 29 (43.28%) were edato the peanut butter outbreak compared to 3&256)
non-related isolates and 29 isolates were unknowifty- five isolates profiled were from human soes. The
PFGE patterns of profiled human isolates in congoarito all profiled isolates are displayed in taBle
Approximately half of the profiled human isolateadhmissing information for the PFGE pattern. Of #v
isolates with known PFGE patterns, 16 of the issladisplayed one of the 3 closely related PFGEepatt
reported from the outbreak strain by CDC. Of abfifed isolates, 24 of the isolates displayed 3helosely
related PFGE pattern associated with the outbreak.

A total of 23 USDA samples were received of whiéhwiere from animal sources (including cattle, pguland
swine) and 1 was from animal feed. All & Tennessee animal isolates displayed Mannosetaesi®cal
attachment under microscopic observation. An eguaiber of profiled isolates (50%, 11/22) were obse to
be invasive and highly invasive.

Descriptive epidemiologic analysis of S. Tennessee Human isolates

A total of 55 human isolates were randomly choseraftachment and invasion of Caco-2 cells in #szuiture.
Age information was available for 46 patients. Tirean age of patients was 43 years of age, rafigingl- 94
years. Approximately 36.36% of human isolates visoéated from patients between 16- 64 years ofage
23.64% were from patients 65 years and over. Thstmommon site of isolation was from stool (49.09%
Cross tabulation table of gender by site of isolatievealed that 49.09% (27/55) percent of humampbes
tested were from females of which 100% (27/27) wedvered from stool and urine versus 82.35% (@4/1
recovered from stool and urine for males (p-val0e3152). Table 5 compares the gender and sitahdison

of profiled isolates and non-profiled S. Tennessetates. Additionally, Table 6 displays the freqay counts
and percentages of the outcome invasion with sslegriables of interest.

Univariate analysis

The univariate analysis of outcome invasion withected predictor variables of interest for profil&l
Tennessee human isolates and all profiled S. Teereisolates are displayed in table 7. For pebfiieman
isolates, outbreak, age, and gender were foundetingignificant at the 5% alpha value. However, dt
profiled S. Tennessee isolates, it was observetl Shalennessee strains associated with the peauritér b
outbreak were more likely to be highly invasive rthatrains from non-outbreak sources OR= 4.03 (p-
value=0.0088, 95% confidence interval (Cl): 1.42,41). Comparison of invasion patterns of all peof S.
Tennessee strains associated with the outbreakleslvthat 75.86% (22/29) were observed to be higiMgsive
under microscopic examination.

Interaction of S. Tennessee with Caco-2 cells

Ninety-three of the isolates tested displayed atipesattachment to the Caco-2 cells. There werdifferences
observed in attachment patterns of isolates frofferéint sources under a light microscope as madatis
demonstrated a pattern of Mannose resistant- Ettathment. Of the 96 isolates tested, 3 wererebdddo be
Mannose sensitive and 93 isolates expressed ldtadhanent in the presence of 1% Mannose (Mannose-
resistant). Table 8 displays the No. and percestdgr attachment and invasion outcome of profitedates.
Approximately 57% (55/96) of the isolates testedenavasive, compared to 43% (41/96) for highlyasive.

4. Discussion

The emergence @& Tennessee in peanut butter has caused over 868, gerhaps many more. The emergence
of S Typhimurium again in 2008-2009 lead to a highember of cases comparedSoTennessee(CDC, 2009).
Newly recognized emerging foodborne bacterial pg¢ins as well as well recognized pathogens can be
associated with new food vehicles (. Most foodkopathogens are foodborne zoonoses, having an lanima
reservoir from which they spread to humans(Taux@97) . Additionally, the spread of these foodborne
bacterial pathogens can reach to a global levathdgens such & lmonella has spread around the world since
the 1980s, wherea® Typhimurium DT 104 is appearing in North Amerigad Europe(Tauxe, 1997) . New
foodborne bacterial pathogens are being identdiean increasing rate, suggesting that many monaireto be
discovered(Tauxe, 1997) .

In this study, descriptive epidemiologic analysis@ubset of the cases from the national pearttgrboutbreak

and virulence profiling of S. Tennessee isolategHeir attachment and invasion of Caco-2 cellssiamducted

as an assessment of the distinct virulence oftieennessee strains associated with the peaner muttbreak,
2006-2007.

Descriptive epidemiologic study of clinical casevaaled that a higher number of S. Tennessee stvane
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isolated from females than from males. Simila@)C reported a higher percentage of female pati@i%o)
compared to males(JAMA,2007). S. Tennessee infestare rare, however, they are more likely thdrerot
serotypes to infect the urinary tract(CDC, 200W@)inary tract infections are common among female$fiHann
,2001). Therefore, it is conceivable that the highportion of isolates from the urine, may explaine high
number of cases among females in comparison tosm&@monella infections are more prevalent among the
young, immunocompromised, and elderly. We obsergekigh number of isolate samples obtained from
patients 65 years of age and above. The numbisplate samples obtained for young individuals weweer
than other age groups. However, information far ags unknown for 9 clinical samples out of thepbafiled
isolate samples.

The use of Caco-2 cells models to perform attachmssays with S. Tennessee bacterial strains exyeahigh
percentage of attachment. All profiled S. Tennedselates procured from participating health daparits
displayed attachment to the Caco-2 cells model grawtissue culture, an essential initial step iegdo
invasiveness of the strains. Furthermore, S. Tese®strains were Mannose- resistant and dispitiechment
to Caco-2 cells in the presence of 1% Mannose énntiedium. The observed high percentage of Mannose-
resistant-attachment suggests that strainSabhonella enterica serovar Tennessee expresses specifaceurf
structures other than Type 1 pili which may meditteir adherence to Caco-2 cells and explain their
invasiveness to the clinically infected subjectsimythe outbreak(Fadle et al., 2002;Lee et alg2Mellor et
al.,2009). This observation has lead to the caiaiuthat S. Tennessee strains associated withutieeak are
likely to be more invasive than strains from nortboeak sources. Whether the high level of attactiraed
invasiveness observed within the S. Tennesseastesisociated with the peanut butter outbreak chala
been attributed to the growth in peanut butter aesd to be investigated.

All S. Tennessee strains tested for their attachraed invasion of caco-2 cells were found to beagive.
However, S. Tennessee strains associated withetdueup butter outbreak were found to be highly imeashen
compared with strains not associated with the eathr Whether peanut butter may have provided @etus
for optimal growth and expression of certain swfestructures that enhances the strain’s attachmedt
invasiveness as observed in the S. Tennessee akitkirains, needs further investigation.

The strengths of the study were that the laborgpengonnel performing attachment and invasion asseye
blinded to the source of the isolates. Laboratoeyspnnel were specially trained for the performante
attachment and invasion assays. This study hagationis in that we were limited in the number afldges
procured from participating states department @fitheand there were missing information for sevésalates
that led to their exclusion from the study. Theeegence of known or newly recognized serotypes apioebe

a continuous challenging process for health comtimanas seen in the S. Tennessee outbreak and iagain
Typhimurium, in which both occurred in a high fatM water content food vehicle. The occurrencenesé two
outbreaks suggests that our perceptions need tewewed and examined with an eye to correctiomod
sources such as peanut butter previously thoudbtasa now considered hazardous. Consumption afiyte
butter can be a risk factor in the etiology of smbc non-typhoidaSalmonella infections among adults and
children. It is not sufficient enough to only edte food producers, handlers, and consumers it fasd
safety. More in house prevention programs andnggshould be sought to omit public exposure to rging
contaminated food items and protecting consumersi fsevere illnesses resulting from foodborne badter
pathogens.

Food industries should use the occurrence of thitbreak to identify lessons to be learned and agvel
applicable procedures for use among their indisstrién increase in more regular and sensitivertggiplicies
for peanut butter and other food items aimonella, prior to the release, will improve the safetytlodse food
products, prevent distribution of contaminated pedvutter jars and future damaging outbreaks calmed
Salmonella.

5. Conclusion

We concluded that peanut butter could have provatednmpetus for the expression of certain setsirolence
genes leading to the observed high level of inast¢s of theéSsalmonella. Tennessee contaminants. The
occurrence of this outbreak underscores the impoetaf hygienic practices in peanut butter manufaag
plants for the prevention of such mass contaminatio
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Table 1. Frequency counts and percents of profiled isolatite corresponding sources. Ofe Tennessee
isolate source was unknown.

Source No. %
Human 55 57.30
Animal 23 23.96
Food 14 14.58
Feed 1 1.04
Environmental 2 2.08
Missing 1 1.04
Total 96 100
Table 2. PFGE patterns of profiled hum&nTennessee isolates compared to all profdd@nnessee isolates.
PFGE patterns associated with S. Profiled human isolates All profiled isolates
Tennessee outbr eak No. (%) No. (%)
JNXX01.0010 3 5.45 4 4.17
JNXX01.0011 9 16.36 16 16.67
JNXX01.0026 4 7.27 4 4.17
Other PFGE patterns
JNXX01.0001 3 5.45 4 4.17
JNXX01.0002 1 1.82 1 1.04
JNXX01.0012 2 3.64 2 2.08
JNXX01.0014 1 1.82 3 3.13
JNXX01.0030 1 1.82 1 1.04
JNXX01.0039 1 1.82 1 1.04
JNXX01.0049 2 3.64 2 2.08
Missing PFGE 28 50.91 58 60.4R
Total 55 100 96 100
Table 3. Gender and site distribution of profiled S. Tersgesfrom human source.
Gender | Profiled human isolates (N, %) Site of isolation for profiled human isolates
Stool (N, %) | Urine(N, %) | Blood (N, %) | Wound (N, %)
Female 27 (40.1) 15 (53.9) 1(46.2) 0 0
Male 17 (30.9) 12 (70.6) 2 (11.8) 1(5.9) 2 (11.8)
Missing 11 (20)
Total 55 (100)

Table 4. Univariable analysis of outcome highly invasivahwariable outbreak for all profile8 Tennessee

isolates.
Variable Invasion Outcome
Invasive | Highly invasive
No. % No. %
Gender:
Female 12 70.54 15 55.56
Male 5 29.41 12 44.44
Outbreak:
PB associated 6 54.55 16 84.21
Non-PB associated 5 45.45 3 15.79
Site:
Stool 9 50.00 20 64.52
Urine 7 38.89 10 32.26
Blood 0 0.00 1 3.23
Wound 2 11.11 0 0.00
Age:
<5 years 2 11.11 4 14.29
>5 and < 16 years 2 11.11 5 17.86
> 16 and < 65 years 8 44.44 12 42.86
> 65 years 6 33.33 7 25.00
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Table 5. Univariable analysis of outcome invasion with stdd predictor variables for profiled human S.
Tennessee isolates and all profiled S. Tennesgkds.

Variable Profiled human isolates All profiled isolates

OR (95% CI) P-value Missing OR (95% CI) P-value Missing
Outbreak 4.44 (0.80, 24.61) 0.089 25 41032, 11.41) 0.009 29
Gender 0.52 (0.14, 1.89) 0.32 11
Age 1.01 (0.99, 1.03) 0.39 9

Table 6. Attachment and invasion patterns of the®@ennessee isolates selected from different seuiideee
isolates were classified to be Mannose sensitive.

Profile Outcome
N (%)
Attachment positive 93 (98)
Attachment negative 3(2)
ToTotal 96 (10)
Highly invasive 41 (43)
Invasive 55 (57)
ToTotal 96 (100)
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