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The characterization of Salmonella enterica serotypes isolated from the
scalder tank water of a commercial poultry processing plant: Recovery
of a multidrug-resistant Heidelberg strain
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ABSTRACT The recent multistate outbreak of
a multidrug-resistant (MDR) Salmonella Heidelberg
strain from commercial poultry production highlights
the need to better understand the reservoirs of these
zoonotic pathogens within the commercial poultry pro-
duction and processing environment. As part of a larger
study looking at temporal changes in microbial commu-
nities within the major water tanks within a commercial
processing facility, this paper identifies and character-
izes Salmonella enterica isolated from the water in a
final scalder tank at 3 times during a typical process-
ing day: prior to the birds entering the tank (start),
halfway through the processing day (mid), and after the
final birds were scalded (end). Over 3 consecutive pro-
cessing days, no Salmonella were recovered from start-
of-day water samples, while a total of 56 Salmonella

isolates were recovered from the mid-day and end-of-
day scalder water samples. Traditional and newer PCR-
based serotyping methods eventually identified these
isolates as either group C3 S. Kentucky (n = 45) and
group B S. Heidelberg (n = 11). While none of the
S. Kentucky isolates possessed any resistances to the
antimicrobials tested, all S. Heidelberg isolates were
found to be multidrug resistant to 5 specific antimicro-
bials representing 3 antimicrobial classes. Due to the
potential public health impact of S. Heidelberg and
the recent nationwide poultry-associated outbreak of
multidrug-resistant S. Heidelberg, future studies should
focus on understanding the transmission and environ-
mental growth dynamics of this serotype within the
commercial poultry processing plant environment.
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INTRODUCTION

Salmonella enterica is one of the most prevalent
sources of human gastroenteritis in the United States
(Painter et al., 2013) as well as globally, resulting in an
estimated 93.8 million infected individuals and 155,000
deaths annually (Majowicz et al., 2010). The infec-
tion often results in clinical symptoms such as diar-
rhea, abdominal pain and vomiting that generally re-
solve within a week. Salmonella is especially concerning
among the very young, older adults, and immunocom-
promised populations, as they are more susceptible to
complications such as endocarditis, bacteremia, menin-
gitis, and pneumonia (Arshad et al., 2008; Hohmann,
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2001). It has been reported that food is the source of
more than 95% of all nontyphoidal Salmonella infec-
tions (Hohmann, 2001), making it a major food safety
issue.

The poultry industry has been frequently impli-
cated in Salmonella outbreaks, with reports of hu-
man pathogenic S. enterica serotypes (e.g., Enteritidis,
Heidelberg, Typhimurium) in poultry products repre-
senting a major food safety concern for the industry.
The link between human illness and Salmonella con-
tamination of poultry products remains strong, from
the consumption of both eggs (Anonymous, 2004; Cur-
rie et al., 2005; Hennessy et al., 2004; Tribe et al., 2002)
and broiler meat (Altekruse et al., 2006; Anonymous,
2004; Gallegos-Robles et al., 2008; Mohle-Boetani et al.,
2009; Nunes et al., 2003). In addition to the pres-
ence of the different serotypes throughout the poultry
production and processing spectrum, recent increases
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in the incidence of antimicrobial-resistant Salmonella
serotypes represent an emerging food safety and pub-
lic health concern. Treatment of antimicrobial-resistant
pathogen infections is typically more complex and
expensive (Cosgrove, 2006), with estimated direct med-
ical costs from drug-resistant nontyphoidal Salmonella
of $365 million annually in the United States alone
(CDC, 2013a).

Considering that the commercial poultry processing
plant is the most direct link between vector (broiler)
and host (consumer), it is imperative to understand the
diversity of Salmonella serotypes that can exist in mul-
tiple reservoirs within the processing plant. One major
Salmonella reservoir within a processing plant, and one
that has the potential to rapidly transmit pathogens
between carcasses within the processing plant, is the
scalder tank (Buncic and Sofos, 2012; Cason and
Hinton, 2006; Cason et al., 2000; Finstad et al., 2012;
Yang et al., 2001). Therefore, as part of a larger study
observing temporal changes in the microbiology of the
major water tanks within a commercial broiler process-
ing plant (Rothrock et al., 2013), this note describes the
presence of Salmonella within the commercial scalder
tank throughout the processing day and characterizes
the recovered isolates in terms of serotyping (serological
and molecular) and antimicrobial susceptibilities.

MATERIALS AND METHODS

Experimental Design

Processing water samples were collected from a com-
mercial broiler processing facility that was processing
small (approx. 2 kg) Cobb broilers during the time of
this study. Broilers were processed at a line speed of
364 birds/min ! for 18 hr each day. Three sterile 1-L
plastic Nalgene bottles (Fisher Scientific, Pittsburgh,
PA) were used to collect 3 L water from approx. 5 cm
below the surface at the turnaround (midpoint) of the
final scalder tank of a triple tank counterflow system.
Samples were collected from the final scalder water tank
at 3 times during the processing shift: 1) prior to the
first birds entering the cleaned and disinfected tanks
(start), 2) after 9 hours of processing (approx. half of
the processing day; mid), and 3) after the last birds
left the tank and the waters were considered “dirtiest”
(end). Samples were taken from these 3 time points on 3
successive days and placed on ice for transport back to
the laboratory for further sample processing and prepa-
ration. Each group of 3 water samples from a single time
point will henceforth be referred to as a single sample.

Salmonella Culture Methods

All water samples were vigorously homogenized. To
identify the number of Salmonella that were present in
each sample, enumeration was done using a 3-tube most
probable number (MPN) analysis according to Cason
and Hinton (2006). In short, triplicate 10 mL process-
ing water samples were added to sterile tubes contain-

ing 10 mL 2x buffered peptone water (BPW), and
triplicate 1 mL processing water samples were added
to sterile tubes containing 9 mL 1x BPW. For the
final triplicate sample, 1 mL processing water sam-
ples were diluted 1:10 in 0.1% peptone water and vor-
texed, and then 1 mL of that dilution was added to
9 mL 1x BPW. The MPN tubes were incubated 18
to 24 hr at 35°C. After incubation, 0.1 mL from each
tube was transferred to 9.9 mL Rappaport-Vassiliadis
broth (RV; Becton-Dickinson, Sparks, MD) and in-
cubated for 18 to 24 hr at 42°C. After incubation, a
loopful (approx. 0.01 mL) from each enrichment tube
was struck onto both xylose lysine tergitol-4 (XLT-4;
Becton-Dickinson) and brilliant green sulfa with novo-
biocin (BGS; Becton-Dickinson) agar plates and in-
cubated for 18 to 24 hr at 35°C. On each plate, 3
Salmonella-like colonies were picked and confirmed us-
ing triple sugar iron agar (T'SI; Becton-Dickinson) and
lysine iron agar fermentation (LIA; Becton-Dickinson)
and an incubation period of 18 to 24 hr at 35°C. Fi-
nal confirmation of suspect TSI/LIA isolates was per-
formed using Salmonella polyvalent O antiserum agglu-
tination (Becton-Dickinson), per manufacturer specifi-
cations. Positive Salmonella were then serogrouped us-
ing individual Salmonella poly O antisera for O groups
A through I, following the Kauffman-White scheme.

Molecular Characterization Methods

For all molecular characterization/serotyping meth-
ods described below, single colonies for each isolate
were grown in 10 mL brain heart infusion (BHI) broth
(Difco BD, Franklin Lakes, NJ) at 37°C for 16 h. Bac-
terial cells were pelleted in a Sorvall RC5B Plus cen-
trifuge at 5,000 x ¢ for 15 min in a Sorvall Super-lite
SLA 600TC rotor. The DNA from all Salmonella iso-
lates was extracted and purified using the PureLink Ge-
nomic DNA Mini Kit (Invitrogen, Grand Island, NY).
Spectrometer readings of DNA samples were obtained
using a NanoDrop 1000 (ThermoScientific, Wilming-
ton, DE) to ensure 260:280 optical density (OD) ratios
were greater than 1.7 and that DNA concentration was
above 20 ng/puL. Standard protocols were used for all
molecular characterization methods, and each is shortly
described below.

Pulsed-field Gel Electrophoresis. Bacterial iso-
lates were propagated, prepared, and analyzed as pre-
viously described (Matushek et al., 1996; Ribot et al.,
2006). Salmonella ser. Braenderup H9812 (ATCC BAA-
664) restricted with Xbal (Hunter et al., 2005) was
used as a control and as the DNA size standard. Re-
striction fragments were separated by electrophoresis in
0.5M Tris borate-EDTA buffer at 14°C for 18 h using
a Chef Mapper electrophoresis system (Bio-Rad, Her-
cules, CA) with pulse times ranging between 2.16 and
54.17 s. Interpretation of DNA fingerprint patterns was
accomplished using Bionumerics 4.0 software (Applied
Maths, Austin, TX) and comparison to the PulseNet
Database. The banding patterns were compared using
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Table 1. Serological and molecular serotyping results for Salmonella enterica isolates recovered throughout the processing day from
the scalder water at a commercial poultry processing plant.

Kaufmann-White PFGE dkgB-ISR PCR
Sampling time during processing day' Serotype No. of isolates Closest serotype match? No. of isolates Serotype No. of isolates
Mid (19 isolates) B 15 Kentucky (0001 ARS) 15 Kentucky 15
C3 4 Heidelberg (0015 ARS) Heidelberg
End (37 isolates) B 30 Kentucky (0001 ARS) 30 Kentucky 30
C3 7 Heidelberg (0015 ARS) 7 Heidelberg 7

'No Salmonella isolates were ever recovered from the start sampling time.

2Code in parenthesis represents the closest serotype match identifier from the PulseNet database.

Dice coefficients with a 1.5% band position tolerance.
Patterns with no noticeable differences were considered
indistinguishable and were assigned the same pulsed-
field gel electrophoresis (PFGE) pattern designation.

dkgB-linked Intergenic Space Region PCR. The
PCR protocol and primers targeting the dkgB-linked
intergenic space region (dkgB-ISR) (including the en-
tire 5s ribosomal gene) have been described previously
(Morales et al., 2006). To determine serotype, an am-
plicon sequence trimmed to the aforementioned ISR
was aligned to reference sequences deposited at the Na-
tional Center for Biotechnology Information (NCBI) by
DNASTAR Lasergene SeqMan Version 8.0.2 using de-
fault project assembling parameters except as follows:
minimum match percentage 100, minimum sequence
length 100. Only perfect matches can be used to call
serotype. ISR reference sequences that define serotype
have GenBank accession numbers JN105119-JN105125
and JN092293-JN092328.

Antimicrobial Susceptibility Testing

Recovered isolates were subcultured on blood agar
plates (BAP) overnight at 36 + 1°C. One to 2
colonies were used to inoculate 5 mL demineralized
water to achieve a 0.5 McFarland equivalent using
the Sensititre nephelometer (ThermoScientific, TREK
Diagnostics, Inc., Cleveland, OH). Following vortex-
ing, 10 pL cell suspension was transferred to 11 mL
Sensititre cation adjusted Mueller-Hinton broth with
TES buffer, followed by thorough vortexing. Into each
well of the Sensititre NARMS Gram-Negative For-
mat CMV2AGNF plate (Trek Diagnostic Systems)
was transferred 50 uL inoculum. These AST plates
contained varying concentrations of the following an-
timicrobials: cefoxitin, azithromycin, chloramphenicol,
tetracycline, ceftriaxone, amoxicillin/clavulanic acid
(2:1), ciprofloxacin, gentamicin, nalidixic acid, cef-
tiofur, sulfisoxazole, trimethoprim/sulfamethoxazole,
kanamycin, ampicillin, and streptomycin. Plates were
sealed with a porous cover and incubated at 36 + 1°C
for 18 h. Quality control strain (Escherichia coli ATCC
25922), obtained from the ATCC, was included in sus-
ceptibility tests as a positive control (Clinical and Lab-
oratory Standards Institute (CLSI), 2010).

RESULTS AND DISCUSSION

While Salmonella spp. were not recovered from the
scalder water samples taken prior to the first line of car-
casses, low concentrations were isolated from the mid-
and end sampling times (0.198 and 0.125 cfu/mL!, re-
spectively). While the final scalder tank is typically kept
at a temperature adequate to kill many organisms (ap-
prox. 58°C), Salmonella spp. have been isolated from
commercial scalder tanks previously (Buncic and Sofos,
2012; Finstad et al., 2012; Liu et al., 2001). A total of
56 Salmonella spp. isolates were recovered from these
samples, and each was characterized using a panel of
traditional and molecular typing techniques to deter-
mine the potential diversity and/or clonality of these
isolates.

Serotyping results for the 56 isolates are shown
in Table 1. The traditional serological typing scheme
(Kaufmann-White) showed that approx. 80% of the
isolates matched serogroup C3, and the remaining ap-
prox. 20% matched serogroup B, but further molecu-
lar characterization was required to identify the spe-
cific serotype of each isolate. To initially predict the
serotype of these environmental isolates, PFGE was
performed to determine the genetic similarity of these
environmental isolates to known Salmonella serotypes
(Zou et al., 2010, Zou et al., 2013). These results sup-
ported the serological findings, with the isolates falling
into 2 groups based on their matches to serotypes
in the PulseNet database: Kentucky (0001 ARS) and
Heidelberg (0015 ARS). To genetically confirm the
PFGE-predicted serotype designations, the dkgB-ISR
PCR method (Morales et al., 2006) was used, and the
serotypes of these 2 groups were confirmed as S. Ken-
tucky and S. Heidelberg. Over the past several decades,
S. Heidelberg and S. Kentucky have become 2 of the
most commonly detected serotypes in meat and poul-
try products (Foley et al., 2011; USDA, 2013) and have
been repeatedly found in poultry processing plants and
on retail poultry in the United States (Logue et al.,
2003; Parveen et al., 2007; Zhao et al., 2006); therefore,
their recovery from this commercial scalder tank was
not unexpected.

Given the increased focus on antibiotic resistance
among Salmonella spp., the antimicrobial susceptibil-
ity of each isolate was further characterized using
the FDA NARMS (National Antimicrobial Resistance
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Table 2. Antimicrobial resistances of S. Heidelberg isolates recovered from scalder tank water at two time points
during the processing day at a commercial processing plant.'??

Isolate ID  Sampling time Cephems (-lactam/3-lactamase inhibitor combinations  Penicillins
Cefoxitin ~ Cetiofur  Ceftriaxone Amoxicillin-clavulanic acid Ampicillin
C2-8 Mid 32 (R) 8 (R) 8 (R) 32/16 (R) 32 (R)
C2-9 Mid 32 (R) 8 (R) 16 (R) 32/16 (R) 32 (R)
C2-10 Mid 32 (R) 8 (R) 16 (R) 32/16 (R) 32 (R)
C2-11 Mid 32 (R) 8 (R) 8 (R) 32/16 (R) 32 (R)
A3-9 End 32 (R) 8 (R) 16 (R) 32/16 (R) 32 (R)
A3-10 End 32 (R) 8 (R) 8 (R) 32/16 (R) 32 (R)
A3-16 End 32 (R) 8 (R) 8 (R) 32/16 (R) 32 (R)
A3-17 End 32 (R) 8 (R) 8 (R) 32/16 (R) 32 (R)
A3-18 End 16 (I) 8 (R) 8 (R) 32/16 (R) 32 (R)
A3-19 End 16 (1) 8 (R) 8 (R) 32/16 (R) 32 (R)
A3-20 End 16 (1) 8 (R) 8 (R) 32/16 (R) 32 (R)

LAll isolates were determined to be susceptible to all other antimicrobials tested for on the CMV2AGNF Sensititre plate.

2Values represent highest antimicrobial concentration (mg/L) where growth was observed.

3Letter in parentheses indicates the susceptibility toward that antimicrobial: R = resistant, I = Intermediate.

Monitoring System) method. While all 45 Kentucky
scalder isolates were found to be susceptible to the en-
tire panel of antimicrobials used in this assay, each of
the 11 Heidelberg isolates was found to be resistant
to 5 different antimicrobials (cefoxitin, cetiofur, ceftria-
zone, amoxicillin-clavulanic acid, ampicillin) represent-
ing 3 different classes of antimicrobials (cephems, (-
lactam/3-lactamase inhibitor combinations, penicillins;
Table 2). This classifies these Heidelberg scalder isolates
as multidrug resistant (MIDR) strains, but it should
be noted that co-resistances to these classes of antimi-
crobials (especially cephems and f-lactams) have been
previously seen in Salmonella enterica isolated from
agricultural animals, typically associated with a
plasmid-encoded AmpC [-lactamase (blacay) gene
(Gray et al., 2004; Liebana et al., 2004).

The recovery of MDR S. Heidelberg from within
the final scalder tank at this commercial poultry pro-
cessing facility is the major discovery of this research
note, especially given the recent public health issues
related to MDR Heidelberg from poultry products. In
mid-2012, an outbreak of salmonellosis cases reported
among 134 people was traced back to a single chicken
producer (CDC, 2013b); as of July 2014, there have
been 634 reported illnesses in 29 states related to this
MDR S. Heidelberg strain (CDC, 2014). Even though
only a single salmonellosis case from this outbreak has
been found in Georgia, the isolation of MDR Heidel-
berg from a commercial processing facility within this
state (the largest poultry producing state in the United
States) indicates that these types of MDR Salmonella
may be more widespread within the commercial poul-
try production and processing industry than initially
considered.

It should be noted that MDR Heidelberg isolates were
recovered over multiple processing days and at differ-
ent times during each processing day during May 2012
(around the time of the beginning of the multistate out-
break). The broilers, and specifically the broiler farms
themselves, are the most likely source of this Salmonella

that has entered the poultry processing plant environ-
ment (Berghaus et al., 2014), and approx. 1.2 million
birds were processed from numerous broiler farms ser-
viced by this commercial processing plant during the
time of this sampling. Also of note is that no Salmonella
were recovered from the final scalder water tanks at
the start of any of the processing days. These obser-
vations suggest that MDR Heidelberg contamination
within the final scalder water tank originated from mul-
tiple flocks/farms rather than from a single incidence.

Although the Kentucky scalder isolates were suscep-
tible to all antimicrobials tested, MDR S. Kentucky is a
growing public health concern (Hedberg, 2011; Le Hello
et al., 2011) and has been found within the poultry
production spectrum (FDA, 2010). Research has shown
that concentrations of Salmonella (as well as other food-
borne pathogens) can be significantly higher in the first
2 tanks of the triple scalder tank system (Cason and
Hinton, 2006; Cason et al., 2000), indicating that these
serotypes may be more prevalent in earlier scalder tank
waters. Carcass rinse samples were not obtained as part
of the larger study of this commercial processing plant,
but genetic signatures specific to Salmonella spp. were
found in the downstream chiller tank at these same
sampling times using 2 different PCR-based methods
(Rothrock et al., 2013). While these PCR assays did
not specifically target MDR Heidelberg, the recovery
of these MDR isolates indicates the possibility for fur-
ther transmission throughout the processing plant envi-
ronment and, more importantly, a potential food safety
issue with public health (both worker and consumer)
implications.

Considering these isolates were recovered from a sin-
gle commercial processing plant over 3 consecutive pro-
cessing days, the broader applicability of these lim-
ited findings is hard to ascertain. While the recovery
of MDR Salmonella was not the focus of this spe-
cific study, future studies could be designed to specif-
ically isolate Salmonella from final scalder tanks from
a variety of commercial processing facilities over longer
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periods of times and determine their serotypes and AST
patterns. These data would allow for an expanded un-
derstanding of the presence and distribution of MDR
Salmonella within these processing environments. But
even with this limited dataset, the fact that MDR Hei-
delberg was recovered from a reservoir that comes in
contact with all carcasses being processed throughout
the processing day highlights a potential emerging poul-
try food safety concern for the industry that may be
more widespread than initially considered.

ACKNOWLEDGMENTS

The authors would like to acknowledge the expert
technical assistance of Nicole Bartenfeld, Kathy Tate,
and Laura Lee-Rutherford for their assistance in sam-
pling, as well as Latoya Wiggins and Tod Stewart
for typing the isolates. These investigations were sup-
ported equally by the Agricultural Research Service,
USDA CRIS Projects “Pathogen Reduction and Pro-
cessing Parameters in Poultry Processing Systems”
(6612-41420-017-00) and “Molecular Approaches for
the Characterization of Foodborne Pathogens in Poul-
try” (6612-32000-059-00).

REFERENCES

Altekruse, S. F., N. Bauer, A. Chanlongbutra, R. DeSagun, A. Nau-
gle, W. Schlosser, R. Umholtz, and P. White. 2006. Salmonella
Enteritidis in broiler chickens, United States, 2000-2005. Emerg-
ing Infectious Diseases 12:1848-1852.

Anonymous. 2004. Outbreak of Salmonella serotype Enteritidis in-
fections associated with raw almonds—United States and Canada,
2003-2004. MMWR Morbidity and Mortality Weekly Report
53:484-487.

Arshad, M. M., M. J. Wilkins, F. P. Downes, M. H. Rahbar, R. J.
Erskine, M. L. Boulton, M. Younus, and A. M. Saeed. 2008. Epi-
demiologic attributes of invasive non-typhoidal Salmonella infec-
tions in Michigan, 1995-2001. International Journal of Infectious
Diseases 12:176-182. doi:10.1016/j.ijid.2007.06.006.

Berghaus, R. D., S. G. Thayer, B. F. Law, R. M. Mild, C. L. Hofacre,
and R. S. Singer. 2013. Enumeration of Salmonella and Campy-
lobacter spp. in environmental farm samples and processing plany
carcass rinses from commercial broiler chicken flocks. Applied and
Environmental Microbiology 79:4106-4114.

Buncic, S., and J. Sofos. 2012. Interventions to control
Salmonella  contamination during poultry, cattle and
pig slaughter. Food Research International 45:641-655.

doi:10.1016/j.foodres.2011.10.018.

Cason, J. A., and A. Hinton, Jr. 2006. Coliforms, Escherichia coli,
Campylobacter, and Salmonella in a counterflow poultry scalder
with a dip tank. International Journal of Poultry Science 5:846—
849.

Cason, J. A.; A. Hinton, Jr, and K. D. Ingram. 2000. Coliform, Es-
cherichia coli, and Salmonellae concentrations in a multiple-tank,
counterflow poultry scalder. Journal of Food Protection 63:1184—
1188.

Centers for Disease Control and Prevention (CDC) 2013a. Antibiotic
resistance threats in the United States, 2013. http://www.cdc.
gov/drugresistance/threat-report-2013.  Accessed January 4,
2014.

Centers for Disease Control and Prevention (CDC). 2013b. Outbreak
of Salmonella Heidelberg infections linked to a single poultry
producer—13 states, 2012-2013. MMWR Morbidity and Mortality
Weekly Report 62:553-556.

Centers for Disease Control and Prevention (CDC) 2014. Mul-
tistate outbreak of multidrug-resistant Salmonella Heidel-
berg infections linked to Foster Farms brand chicken (Final
Update). http://www.cdc.gov/salmonella/heidelberg-10-13/. Ac-
cessed August 15, 2014.

Clinical and Laboratory Standards Institute (CLSI). 2010. Perfor-
mance standards for antimicrobial susceptibility testing; 20th in-
formational supplement. CLSI M100-S20. Clinical and Labora-
tory Standards Institute, Wayne, PA.

Cosgrove, S. E. 2006. The relationship between antimicrobial resis-
tance and patient outcomes: Mortality, length of hospital stay,
and health care costs. Clinical and Infectious Diseases 42:582-89.
doi:10.1086,/499406.

Currie, A., L. MacDougall, J. Aramini, C. Gaulin, R. Ahmed, and S.
Isaacs. 2005. Frozen chicken nuggets and strips and eggs are lead-
ing risk factors for Salmonella Heidelberg infections in Canada.
Epidemiology & Infection 133:809-816.

Finstad, S., C. A. O'Bryan, J. A. Marcy, P. G. Crandall, and S.
C. Ricke. 2012. Salmonella and broiler processing in the United
States: Relationship to foodborne salmonellosis. Food Research
International 45:789-794. doi:10.1016/j.foodres.2011.03.057.

Foley, S. L., N. R., I. B. Hanning, T. J. Johnson, J. Han, and
S. C. Ricke. 2011. Population dynamics of Salmonella en-
terica serotypes in commercial egg and poultry production.
Applied and Environmental Microbiology 77:4173-4279. doi:
10.1128/AEM.00598-11.

Food and Drug Administration (FDA). 2010. National Antimicrobial
Resistance Monitory System Meat Report. ttp://http://www.
fda.gov/downloads/AnimalVeterinary /SafetyHealth /Antimicro-
bialResistance/National AntimicrobialResistanceMonitoring-
System/UCM293581.pdf. Accessed January 4, 2014.

Gallegos-Robles, M. A.; A. Morales-Loredo, G. Alvarez-Ojeda, P. A.
Vega, M. Y. Chew, S. Velarde, and P. Fratamico. 2008. Identifi-
cation of Salmonella serotypes isolated from cantaloupe and chile
pepper production systems in Mexico by PCR-restriction frag-
ment length polymorphism. Journal of Food Protection 71:2217—
2222.

Gray, J. T., L. L. Hungerford, P. J. Fedorka-Cray, and M. L.
Headrick. 2004. Extended-spectrum-cephalosporin resistance in
Salmonella enterica isolates of animal origin. Antimicrobial
Agents and Chemotherapy 48:3179-3181.

Hedberg, C. W. 2011. Challenges and opportunities to identifying
and controlling the internation spread of Salmonella. Journal of
Infectious Diseases 204:665-666.

Hennessy, T. W., L. H. Cheng, H. Kassenborg, S. D. Ahuja,
J. Mohle-Boetani, R. Marcus, B. Shiferaw, F. J. Angulo,
and Emerging Infections Program FoodNet Working Group .
2004. Egg consumption is the principal risk factor for spo-
radic Salmonella serotype Heidelberg infections: A case-control
study in foodnet sites. Clinical Infectious Diseases 38:5237—
S243.

Hohmann, E. L. 2001. Nontyphoidal salmonellosis. Clinical Infec-
tious Diseases 32:263-269. doi:10.1086/318457.

Hunter, S. B., P. Vauterin, M. A. Lambert-Fair, M. S. Van Duyne,
K. Kubota, L. Graves, D. Wrigley, T. Barrett, and E. Ribot.
2005. Establishment of a universal size standard strain for use
with the PulseNet standardized pulsed-field gel electrophore-
sis protocols: Converting the national databases to the new
size standard. Journal of Clinical Microbiology 43:1045-1050.
doi:10.1128/JCM.43.3.1045-1050.2005.

Le Hello, S., R. S. Hendriksen, B. Doublet, I. Fisher, E. M. Nielsen, J.
M. Whichard, B. Bouchrif, K. Fashae, S. A. Granier, N. Jourdan-
Da Silva, A. Cloeckaert, E. J. Threlfall, F. J. Angulo, F. M. Aare-
strup, J. Wain, and F.-X. Weill. 2011. International spread of an
epidemic population of Salmonella enterica serotype Kentucky
ST198 resistant to ciprofloxacin. Journal of Infectious Diseases
204:675-684. doi:10.1093/infdis/jir409.

Liebana, E., M. Gibbs, C. Clouting, L. Barker, F. A. Clifton-
Hadley, E. Pleydell, B. Abdalhamid, N. D. Hansons, L. Martin, C.
Poppe, and R. H. Davies. 2004. Characterization of 3-lactamases
responsible for resistance to extended-spectrum cephalosporins
in Escherichia coli cnad Salmonella enterica strains from food-
producing animals in the United Kingdom. Microbial Drug Re-
sistance 10:1-9.


http://www.cdc.gov/drugresistance/threat-report-2013
http://www.cdc.gov/drugresistance/threat-report-2013
http://www.cdc.gov/salmonella/heidelberg-10-13/
ttp://http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/NationalAntimicrobialResistanceMonitoringSystem/UCM293581.pdf
ttp://http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/NationalAntimicrobialResistanceMonitoringSystem/UCM293581.pdf
ttp://http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/NationalAntimicrobialResistanceMonitoringSystem/UCM293581.pdf
ttp://http://www.fda.gov/downloads/AnimalVeterinary/SafetyHealth/AntimicrobialResistance/NationalAntimicrobialResistanceMonitoringSystem/UCM293581.pdf

472 ROTHROCK ET AL.

Liu, W., Y. Yang, N. Chung, and J. Kwang. 2001. Induction of
humoral immune response and protective immunity in chickens
against Salmonella Enteritidis after a single dose of killed
bacterium-loaded microspheres. Avian Disease 45:797-806.

Logue, C. M., J. S. Sherwood, P. A. Olah, L. M. Elijjah, and
M. R. Dockter. 2003. The incidence of antimicrobial-resistant
Salmonella spp. on freshly processed poultry from US Mid-
western processing plants. Journal of Applied Microbiology 94:
16-24.

Majowicz, S. E., J. Musto, E. Scallan, F. J. Angulo, M. Kirk, S.
J. O’Brien, T. F. Jones, A. Fazil, R. M. Hoekstra, and S. In-
ternational Collaboration on Enteric Disease Burden of Illness .
2010. The global burden of nontyphoidal Salmonella gastroenteri-
tis. Clinical Infectious Diseases 50:882-889. doi:10.1086,/650733.

Matushek, M. G., M. J. Bonten, and M. K. Hayden. 1996. Rapid
preparation of bacterial DNA for pulsed-field gel electrophoresis.
Journal of Clinical Microbiology 34:2598-2600.

Mohle-Boetani, J. C., J. Farrar, P. Bradley, J. D. Barak, M. Miller,
R. Mandrell, P. Mead, W. E. Keene, K. Cummings, S. Abbott,
and S. B. Werner. 2009. Salmonella infections associated with
mung bean sprouts: Epidemiological and environmental investi-
gations. Epidemiology & Infection 137:357-366.

Morales, C. A., R. Gast, and J. Guard-Bouldin. 2006. Linkage
of avian and reproductive tract tropism with sequence diver-
gence adjacent to the 5S ribosomal subunit rrfH of Salmonella
enterica. FEMS Microbiology Letters 264:48-58. doi:10.1111/
j-1574-6968.2006.00432.x.

Nunes, I. A., R. Helmuth, A. Schroeter, G. C. Mead, M. A. Santos,
C. A. Solari, O. R. Silva, and A. J. Ferreira. 2003. Phage typing
of Salmonella Enteritidis from different sources in Brazil. Journal
of Food Protection 66:324-327.

Painter, J. A., R. M. Hoekstra, T. Ayers, R. V. Tauxe, C. R. Braden,
F. J. Angulo, and P. M. Griffin. 2013. Attribution of foodborne
illnesses, hospitalizations, and deaths to food commodities by us-
ing outbreak data, United States, 1998-2008. Emerging Infectious
Diseases 19:407-415. doi:10.3201/eid1903.111866.

Parveen, S., M. Taabodi, J. G. Schwarz, T. P. Oscar, J. Harter-
Dennis, and D. G. White. 2007. Prevalence and antimicrobial re-
sistance of Salmonella recovered from processed poultry. Journal
of Food Protection 70:2466-2472.

Ribot, E. M., M. A. Fair, R. Gautom, D. N. Cameron,
S. B. Hunter, B. Swaminathan, and T. J. Barrett. 2006.
Standardization of pulsed-field gel electrophoresis protocols for
the subtyping of FEscherichia coli O157:H7, Salmonella, and
Shigella for PulseNet. Foodborne Pathogens and Disease 3:59—
67. doi:10.1089/fpd.2006.3.59.

Rothrock, M. J., K. Hiett, B. Kiepper, K. Ingram, and A.
Hinton. 2013. Quantification of zoonotic bacterial pathogens
within commercial poultry processing water samples us-
ing droplet digital PCR. Advances in Microbiology 3:403—
411.

Tribe, I. G., D. Cowell, P. Cameron, and S. Cameron. 2002. An
outbreak of Salmonella Typhimurium phage type 135 infection
linked to the consumption of raw shell eggs in an aged care facil-
ity. Communicable Disease Intelligence 26:38-39.

United States Department of Agriculture (USDA), Food Safety
and Inspection Service (FSIS). 2013. Serotypes of Salmonella
isolates from meat and poultry products: January 1998 through
December 2011. http://www.fsis.usda.gov/wps/wem/connect/
26¢0911b-b61e-4877-a630-23£314300ef8 /salmonella-serotype-
annual-2011.pdf’MOD=AJPERES. Accessed January 4, 2014.

Yang, H., Y. Li, and M. G. Johnson. 2001. Survival and death of
Salmonella Typhimurium and Campylobacter jejuniin processing
water and on chicken skin during poultry scalding and chilling.
Journal of Food Protection 64:770-776.

Zhao, S., P. F. McDermott, S. Friedman, J. Abbott, S. Ayers,
A. Glenn, E. Hall-Robinson, S. K. Hubert, H. Harbottle, R.
D. Walker, T. M. Chiller, and D. G. White. 2006. Antimi-
crobial resistance and genetic relatedness among Salmonella
from retail foods of animal origin: NARMS retail meat surveil-
lance. Foodborne Pathogens and Disease 3:106-117. doi:10.1089/
fpd.2006.3.106.

Zou, W.;, W.-J. Lin, S. L. Foley, C.-H. Chen, R. Nayak, and J. J.
Chen. 2010. Evaluation of pulsed-field gel electrophoresis profiles
for identification of Salmonella serotypes. Journal of Clinical Mi-
crobiology 48:3122-3126. doi:10.1128/jcm.00645-10.

Zou, W., H. Tang, W. Zhao, J. Meehan, S. Foley, W.-J. Lin, H.-
C. Chen, H. Fang, R. Nayak, and J. Chen. 2013. Data mining
tools for Salmonella characterization: Application to gel-based
fingerprinting analysis. BMC Bioinformatics 14:515.


http://www.fsis.usda.gov/wps/wcm/connect/26c0911b-b61e-4877-a630-23f314300ef8/salmonella-serotype-annual-2011.pdf?MOD=AJPERES
http://www.fsis.usda.gov/wps/wcm/connect/26c0911b-b61e-4877-a630-23f314300ef8/salmonella-serotype-annual-2011.pdf?MOD=AJPERES
http://www.fsis.usda.gov/wps/wcm/connect/26c0911b-b61e-4877-a630-23f314300ef8/salmonella-serotype-annual-2011.pdf?MOD=AJPERES



