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(57) ABSTRACT

The invention relates to a method of detecting the presence of
Salmonella in a sample using novel oligonucleotide
sequences. Also presented is a kit for putting the method into
practice and novel nucleic acid sequences for ompF. The
ompF gene was found to be 100% inclusive for Salmonella
species and 100% exclusive for non-Salmonella species for
the strains tested thus making it an excellent marker for iden-
tification of both the species of Salmonella: S. enterica and S.
bongori. Two hundred and eighteen isolates belonging to
Salmonella enterica (subspecies 1-VI) and Sa/monella bon-
gori were examined using novel primers designed to detect
the ompF gene. The target was present in all the 218 Salmo-
nella isolates including all the subspecies of Salm. enterica
and Salm. bongori. The ompF gene was absent in 180 non-
Salmonella strains tested.
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FIG. 3 (cont.)
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METHOD FOR DETECTING SALMONELLA
SPECIES BY ASSAYING OUTER MEMBRANE
PORIN F (OMPF)

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/418,601 entitled “Novel PCR Target for the
Detection of Sa/monella Species: Outer Membrane Porin F
(ompF)”, filed Dec. 1, 2010, the contents of which are hereby
incorporated by reference into this disclosure.

GOVERNMENT SUPPORT

This invention was made with Government support under
Contract No. W911SR-07-C-0084 awarded by the U.S. Army
Research, Development and Engineering Command. The
Government has certain rights in the invention.

FIELD OF INVENTION

This invention relates to assays. Specifically this invention
is related to the detection of Sa/monella species by assaying
for the ompF gene.

BACKGROUND OF THE INVENTION

Salmonella is an important foodborne pathogen that causes
enteric disease in a variety of hosts. Symptoms of Salmonel-
losis include diarrhea, mild fever, nausea, and abdominal
pains with the symptoms normally developing within 12-72
hours after consumption of contaminated food, particularly
raw or undercooked foods such as meat, eggs and dairy prod-
ucts.

The genus Salmonella is comprised of two species, Salmo-
nella enterica and Salmonella bongori (Brenner et al. 2000).
Salm. enterica is further divided into six subspecies (I, 11, Ila,
1IIb, IV and VI) with S. enterica subspecies | comprising of
the majority of clinically relevant serotypes. Although ill-
nesses because of subspecies | are more prevalent, infections
involving other subspecies (Ila, IIb, IV and VI) and Salm.
bongori are also sporadically seen (Chong et al. 1991; Sne-
halatha et al. 1992; Nastasi et al. 1999; Ma et al. 2003;
Mabhajan et al. 2003). Non-typhoidal salmonellosis is usually
self-limiting and does not require antibiotic therapy in
healthy individuals. However, treatment is necessary in
immunocompromised individuals, children and the elderly.
Rapid detection of the organism is therefore essential for
faster diagnosis and treatment. Recent Salmonella outbreaks
linked to ready-to-eat foods necessitate rapid detection meth-
ods (CDC 2008, 2009) as conventional Salmonella identifi-
cation methods can be laborious and time-consuming, some-
times taking between 4-7 days to complete.

Real-time PCR has been used in the past for Salmonella
detection because of its rapidity, sensitivity and accuracy
(Rodriguez-Lazaro et al. 2003; Csordas et al. 2004). Several
studies have successfully targeted invA gene for the detection
of Salmonella species by real-time PCR (Cheng et al. 2008;
Gallegos-Robles et al. 2009). However, as invA gene is a
virulence gene located on the Salmonella pathogenicity
island 1 (SPI 1) acquired by horizontal gene transfer, it may
be genetically unstable or absent in some serotypes including
Salmonella serotype Senftenberg (Ginocchio et al. 1997).
Therefore, it is prudent to include targets in addition to invA
for rapid molecular detection of Sa/monella species by real
time PCR.
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A number of studies have tested other genes including iroB
(Baumler et al. 1997), hilA (Ziemer and Steadham 2003),
pipA, sopE, sopB and mgtC (Khoo et al. 2009). However,
these targets failed to detect either Salm. bongori (iroB and
hilA) (Baumler et al. 1997; Ziemer and Steadham 2003) or
certain serotypes of Sa/m. enterica subspecies I (pipA sopE,
sopB, mgtC) (Khoo et al. 2009).

A recent study has tested putative type III secretion ATP
synthase gene (ssaN) and found it to demonstrate 100% inclu-
sivity for the 40 Salmonella strains (S. enterica subspecies)
tested and 100% exclusivity for 24 non-Salmonella strains
after a 6 hour incubation period. (Chen et al. 2010) Other
recent studies have tested the hilA gene for detection of
Salmonella species and found that hil A was capable of detect-
ing 30 S. enterica serovars but not the 30 non-salmonellae
strains (McCabe E. et al., Validation of DNA and RNA real-
time assays for food analysis using the hila gene of Salmo-
nella enterica serovars, Journal of Microbiological Methods,
2011, 84:19-26). A continuation of this study found that hilA
was capable of detecting 106 Salmonella enterica subspecies
enterica strains but not the 30 non-salmonellae strains (Mc-
Cabe E. etal., Development and evaluation of DNA and RNA
real-time assays for food analysis using the hilA gene of
Salmonella enterica subspecies enterica, Food Microbiol-
ogy, 2011, 28:447-456). The results of the above mentioned
studies are limited to the Sa/monella enterica subspecies. No
other strains, subspecies or serotypes of Salmonella were
investigated.

Given the shortcomings of the prior art, what is needed is a
rapid, sensitive method of detecting all subspecies of Salmo-
nella using a gene specific to Salmonella.

SUMMARY OF INVENTION

Salmonella is animportant foodborne pathogen that infects
a wide range of hosts. Rapid identification of the organism is
essential for efficient diagnosis and treatment. Conventional
methods require up to three days for Sa/monella identifica-
tion. Real-time PCR offers a rapid, sensitive and specific
detection of the target organism.

The inventors evaluated the outer membrane porin F gene
(ompF) for the specific detection of Salmonella species by
real-time PCR assay and found that the ompF gene is 100%
inclusive for Salmonella species and 100% exclusive for non-
Salmonella species for the strains tested.

In an embodiment, a method of detecting the presence of
Salmonella in a sample is presented comprising: providing a
sample suspected of containing Sa/monella; performing an
amplification reaction from a nucleic acid preparation derived
from the sample using a forward and a reverse primer capable
of amplifying a target region of a Sa/monella specific gene
wherein the gene is ompF; and detecting an amplified nucleic
acid product generated from the amplification reaction.

The forward primer sequence may be substantially similar
to SEQ ID NO: 2. The reverse primer sequence may be
substantially similar to SEQ ID NO: 3. The amplification
reaction may be real time polymerase chain reaction (PCR).
The target region of ompF amplified may be from nucleotides
18 to 76 of SEQ ID NO: 1.

The detection of the amplified nucleic acid product may be
performed by a labeled probe. The probe may be capable of
hybridizing to the amplified nucleic acid product. The probe
may be comprised of a sequence that is substantially similar
to SEQ ID NO: 4. The probe may be labeled with a reporter
dye at its 5' end and a quencher dye at its 3' end.

The sample may be selected from the group comprising an
environmental sample, a clinical sample, and a food sample.



US 8,895,248 B1

3

In another embodiment, a kit for detecting Sa/monella in a
sample is presented comprising: a pair of primers capable of
amplifying a region of the Salmonella species ompF gene;
and a labeled probe.

The pair of primers may consist of a sequence substantially
similar to SEQ ID NO: 2 as a forward primer and a sequence
substantially similarto SEQ IDNO: 3 as a reverse primer. The
probe may be labeled with a reporter dye at its 5' end and a
quencher dye at its 3' end. The probe may consist of a
sequence substantially similar to SEQ ID NO: 4.

In a further embodiment, a nucleic acid specific for use in
detecting and differentiating Sa/monella from other bacteria
is presented wherein the nucleic acid comprises at least 17
contiguous nucleotides and is capable of selectively hybrid-
izing to at least a portion of the ompF gene of Sa/monelia.

The nucleotide acid may be an oligonucleotide primer
having a nucleotide sequence substantially similar to SEQ ID
NO: 2.

The nucleotide acid may be an oligonucleotide primer
having a nucleotide sequence substantially similar to SEQ ID
NO: 3.

The nucleotide acid may be an oligonucleotide hybridiza-
tion probe having a nucleotide sequence substantially similar
to SEQ ID NO: 4. The probe may be labeled with a reporter
dye at its 5' end and a quencher dye at its 3' end.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken in
connection with the accompanying drawings, in which:

FIG. 1 is a table listing the 42 serotypes of Salmonella
enterica subspecies that were examined.

FIG. 2 is a table listing the Sa/monella subspecies tested.

FIG. 3 is a table listing the 22 different genera and 180
non-Salmonella strains included in the exclusivity study.

FIG. 4 is atable summarizing the detection results of ompF
gene in artificially contaminated food samples.

FIG. 5 is a graph illustrating the range of the mean cycle
threshold (Ct) values obtained from real-time PCR. The
X-axis represents the range of Ct values while the Y-axis
represents the number of isolates.

FIG. 6 is a table summarizing the results of liquid egg
samples (1 to 5) with spiked Sal/monella serotypes Stanley,
Heidelberg, and Tennessee (spike levels-colony forming
units per gram shown here). PCR and traditional culture
results are shown.

FIG. 7 is the complete nucleotide sequence of ompF gene
(GenBank Accession No. CP000026, McClelland, M et al.
Nat. Genet. 36 (12), 1268-1274 (2004)).

FIG. 8 is an image of the complete nucleotide sequence of
ompF gene illustrating the positioning of the primer
sequences used in the present invention. The green high-
lighted sequences (F1 and R1) represent the sequences used
for real-time PCR detection of Salmonella species by ompF
gene. The yellow highlighted sequence (R2) is the reverse
complement of the reverse primer used for sequencing pur-
pose. The 59 bp product of real-time PCR is from F1 to R1
(position 18 to 76). The PCR product that was sequenced is
between F1 to R2 (position 35 to 576—a 542 bp product)

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof, and within which are shown
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by way of illustration specific embodiments by which the
invention may be practiced. It is to be understood that there
are other embodiments by which the invention may be prac-
ticed. It is to be understood that other embodiments may be
utilized and structural changes may be made without depart-
ing from the scope of the invention.

Concentrations, amounts, solubilities, and other numerical
data may be expressed or presented herein in a range format.
It is to be understood that such a range format is used merely
for convenience and brevity and thus should be interpreted
flexibly to include not only the numerical values explicitly
recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed
within that range as if each numerical value and sub-range is
explicitly recited. As an illustration, a numerical range of
“about 1 to about 5” should be interpreted to include not only
the explicitly recited values of about 1 to about 5, but also
include the individual values and sub-ranges within the indi-
cated range. Thus, included in this numerical range are indi-
vidual values such as 2, 3, and 4 and sub-ranges such as from
1-3, from 2-4 and from 3-5, etc. This same principle applies to
ranges reciting only one numerical value. Furthermore, such
an interpretation should apply regardless of the range or the
characteristics being described.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit, unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed in the
invention. The upper and lower limits of these smaller ranges
may independently be excluded or included within the range.
Each range where either, neither, or both limits are included in
the smaller ranges are also encompassed by the invention,
subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those excluded limits are
also included in the invention.

The term “about” or “approximately” as used herein refers
to being within an acceptable error range for the particular
value as determined by one of ordinary skill in the art, which
will depend in part on how the value is measured or deter-
mined, i.e. the limitations of the measurement system, i.c. the
degree of precision required for a particular purpose, such as
a pharmaceutical formulation. For example, “about” can
mean within 1 or more than 1 standard deviation, per the
practice in the art. Alternatively, “about” can mean a range of
up to 20%, preferably up to 10%, more preferably up to 5%
and more preferably still up to 1% of a given value. Alterna-
tively, particularly with respect to biological systems or pro-
cesses, the term can mean within an order of magnitude,
preferably within 5-fold, and more preferably within 2-fold,
of'a value. Where particular values are described in the appli-
cation and claims, unless otherwise stated, the term “about”
meaning within an acceptable error range for the particular
value should be assumed.

The term “Salmonella” as used herein refers to any bacte-
rium either currently classified or later identified in the genus
Salmonella. The group includes three primary strains, S.
typhi, S. enteritidis, and S. choleraesuis and hundreds of
serovars that infect a variety of different hosts. Some sero-
types are primarily infective for humans, while others are
pathogenic in animals and serve as a source of human infec-
tion such as poultry, pigs, rodents, cattle and domesticated
pets such as cats and dogs.
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The term “nucleotide” as used herein refers to a subunit of
a nucleic acid that consists of a phosphate group, a 5-carbon
sugar, and a nitrogenous base. In DNA, the 5-carbon sugar is
deoxyribose.

The term “target nucleotide sequence” as used herein refers
to a region of a nucleotide which is amplified, detected, or
otherwise analyzed. Here, the sequence to which the oligo-
nucleotide probe hybridizes is considered the target nucle-
otide sequence.

The term “nucleic acid” as used herein refers to the repeti-
tion of monomers (nucleotides) that are bound by phosphodi-
ester bonds.

The term “nucleic acid preparation” as used herein refers to
the set of nucleic acids (DNA and/or cDNA) that are derived
from the reverse transcription of the RNA present in a prepa-
ration that will be subjected to an amplification reaction.

The term “amplification reaction” as used herein refers to
the exponential multiplication of a target DNA molecule or of
a target region of a DNA molecule by using oligonucleotides
which hybridize with the regions flanking the target region to
be amplified. Examples of amplification reactions include,
but are not limited to, polymerase chain reaction (PCR), real
time PCR (RT-PCR), and regional amplification PCR (RA-
PCR). The protocols for carrying out each amplification reac-
tion are well known by those in the art.

The term “hybridization” as used herein refers to the for-
mation of a duplex structure by two single-stranded nucleic
acids due to fully (100%) base pairing or less than fully (less
than 100%) base pairing. Hybridization can occur between
fully and complementary nucleic acid strands or between less
than fully complementary nucleic acid strands which contain
mismatched regions due to one or more nucleotide substitu-
tions, deletions or mutations.

The term “isolated” as used herein refers to nucleic acids or
nucleic acid fragments that are of sufficient purity that they
can be used and will function properly in a clinical, diagnos-
tic, experimental or other procedure including, but not limited
to, a hybridization assay or an amplification reaction for
Salmonella.

The term “substantially similar” as used herein with regard
to the nucleic acid sequences or the complementary nucleic
acid sequences of the present invention refers to anucleic acid
sequence which retains the function of such nucleic acid
sequence but which differs from such nucleic acid sequence
by the addition, deletion, mutation, and/or substitution of one
or more nucleotides. Nucleotide sequences are substantially
similar to another nucleic acid sequence if these percentages
are from 100% to 80%, including all percentages in between.

The term “sample” as used herein can include environmen-
tal samples such as a water or ground sample; a clinical/
biological sample including, but not limited to, tissues, cells,
cell extracts, cell homogenates, protein fractions, organs, or a
biological fluid such as blood, urine, plasma, cerebrospinal
fluid, sweat, and feces; or a food sample such as a perishable
food product, chicken, eggs, peanut butter, meat, seafood, raw
vegetables, and dairy. Preferably, the sample will be a food
sample.

Salmonella has been implicated in several foodborne out-
breaks in the recent years causing numerous illnesses and
major economic losses. Development of a rapid detection
system is essential for epidemiological analysis, disease diag-
nosis and treatment.

The invA gene is the most commonly used marker for the
detection of Salmonella by PCR. invA was shown to be
absent in a Salm. Senftenberg strain in a previous study (Gi-
nocchio et al. 1997); however, all the four Sa/m. Senftenberg
isolates were positive for ompF gene in this study. This dem-
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onstrates the need for a PCR targetin addition to invA that can
detect all the Sal/monella subspecies.

The inventors have designed and evaluated a novel target,
ompF, for the identification of Sa/monella species by real-
time PCR. The ompF gene was shown to be present in all the
218 Salmonella strains tested. It was present in all the six
subspecies of Salm. enterica and Salm. bongori demonstrat-
ing 100% inclusivity to the Sa/monella included in this study
(FIG. 5). The target was absent in 180 non-Salmonella strains
(22 genera) examined, showing 100% exclusivity to the
organisms tested. It was absent in the other most common
foodborne pathogens tested including E. coli, Shigella spp.,
Staphylococcus spp. Listeria spp., Campylobacter spp. and
Vibrio spp.

Previous studies have shown the utility of ompC for the
identification of Salmonella by PCR (Kwang et al. 1996).
However, this is the first report of the application of ompF
gene for the identification of Sa/monella species by real-time
PCR.

The ompF protein is a non-specific porin, and the gene is
regulated by ompR-envZ locus. Primers were designed in-
house, targeting the ompF gene for detection of Salmonella
enterica subspecies (I-V1) and Salmonella bongori (V) by
real time PCR assay. Two hundred eighteen Sa/monella iso-
lates including subspecies I, enterica (n=143); II, salamae
(n=16); Ila, arizonae (n=16); IIb, diarizonae (n=10); IV,
houtenae (n=15); VI, indica (n=4); and V, bongori (n=14)
were included in the study. DNA was extracted using the
MagnaPure® or the Epicenter kit. The probe was labeled with
TagMan® reporter and quencher dyes, and the PCR was
performed on the ABI Prism 7700 sequence detection system
or the 7500 fast system. Specificity of the primers was tested
on non-Salmonella isolates including E. coli, Shigella spe-
cies, Staphylococcus aureus, Vibrio and Bacillus species.

All the 42 serotypes of subspecies I tested including Sa/-
monella enterica serotype. Typhi were also positive for ompF
gene. ompF gene was also shown to be present in all the other
S. enterica subspecies tested (II-VI) and S. bongori (V). The
limit of detection was determined to be about 3 CFU per
reaction and the primers were specific to Sa/monella species.
The amplified product was confirmed to be ompF gene by
sequencing. Thus, the ompF gene was present in all 218
Salmonella isolates tested (100% inclusivity) and was absent
in all the 180 non-Salmonella isolates tested (100% exclusiv-
ity) with a detection limit of about three CFU/reaction.

The inventors explored the possibility of applying the outer
membrane porin F gene (ompF) as a target for the detection of
Salmonella species by real-time PCR. Outer membrane por-
ins allow substrates across the membrane in Gram-negative
organisms. The ompF gene is regulated by the two component
regulatory system ompR/EnvZ (Cai, S. J., and M. Inouye.
2002. EnvZ-OmpR interaction and osmoregulation in
Escherichia coli. J Biol Chem 277:24155-61). ompF is a
nonspecific cation preferring porin (Nikaido 2003), its gene is
usually better expressed in low osmolarity (Pratt et al. 1996).
The inventors found that the gene is present in all the Salmo-
nella subspecies. The portion of the ompF gene targeted here
was found to be restricted to Sa/monella which is supported
by a BLAST (Basic Local Alignment Search Tool) search
based on highly similar sequences revealed a match only to
Salmonella species.

Materials and Methods

Bacterial Isolates (Inclusivity and Exclusivity Study):

DNA from 218 clinical and environmental Sa/monella
strains including subspecies I, enterica; 11, salamae; Ila, ari-
zonae; I1Ib, diarizonae; IV, houtenae; VI, indica and Salm.
bongori were included in the inclusivity study (summarized
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in FIG. 2). Overall, 93 Salmonella serotypes were included in
the study. Forty-two serotypes of Salm. enterica subspecies |
were examined (FIG. 1).

A total of 105 human clinical strains, including Sa/monella
serotype Typhi, donated by the Florida Department of Health,
Bureau of Laboratories (FLDOH) (n=93) and the Washington
State Department of Health (WADOH) (n=12), were tested.
The environmental strains were kindly provided by Dr Cathe-
rine Logue of North Dakota State University (n=34) and
WADOH (n=10). Control Salmonella strains (n=14) were
purchased from ATCC (American Type Culture Collection,
Manassas, Va., USA) or were obtained from the Centers for
Disease Control and Prevention (CDC). Boiled DNA prepa-
rations from 50 Salmonella isolates (subspecies 11, 1la, IIIb,
V1and Salm. bongori) were kindly provided by Dr Michelle
Moore of Food and Drug Administration, Applied Technol-
ogy Center for Genomic DNA. Boiled DNA preparations
from five Salmonella strains were obtained from the Food
Emergency Response Network. One hundred and eighty non-
Salmonella strains comprising of 22 different genera were
included in the exclusivity study (FIG. 3). Some of the com-
mon foodborne pathogens including Escherichia coli O 157:
H7, Shigella spp., Campylobacter spp., Bacillus spp., Staphy-
lococcus spp., and Vibrio spp. were examined including ten
strains each of E. coli, Staphylococcus aureus, Bacillus
cereus, Vibrio species, 8 strains of Shigella species and one
strain each of Listeria monocytogenes, Proteus mirabilis and
Citrobacter freundii were tested as negative controls.

DNA Extraction

An isolated colony from a freshly streaked tryptic soy agar
plate (TSA, Remel, Lenexa, Kans., USA) was inoculated into
4 ml of tryptic soy broth (TSB, Remel) and incubated at 35°
C. for about 18 h. DNA was extracted from 1 ml of the
above-mentioned culture using the MagNA Pure® LC instru-
ment and kit (Roche Applied Sciences, Indianapolis, Ind.,
USA) or the Epicenter Masterpure DNA isolation kit (Epi-
center Biotechnologies, Madison, Wis., USA) following
manufacturers’ protocol. For the boiled preparations, about
3-8 isolated colonies from freshly inoculated TSA plates
were suspended in 400 pl of molecular grade water (Sigma,
St. Louis, Mo., USA) and heated at 100° C. for 10 min. For the
inclusivity study, DNA from either the Epicenter kit, or the
MagNa Pure®, or boiled preparation was used. For the exclu-
sivity study, either the boiled preparations or DNA from the
MagNa Pure was used. DNA extracted from the kits, as well
as the boiled DNA preparations, was diluted 1:20 in molecu-
lar grade water (Sigma) for the real-time PCR assay.

Real-Time PCR

The ompF gene sequence (SEQ ID NO. 1) used herein can
be identified by GenBank Accession No. CP000026 shown in
FIG. 7. Primers targeting a 59-bp region, from nucleotide 18
to nucleotide 76, of the Salmonella ompF gene and the probe
were designed in-house using Primer Express® Oligo design
software, version 1.5 (Applied Biosystems, Foster City,
Calif., USA) (ompF forward primer CCTGGCAGCGGT-
GATCC (SEQ ID NO. 2); ompF reverse primer: AAAT
TTCTGCTGCGTTTGCG (SEQ ID NO. 3); TagMan probe:
TGCCCTGCT GGCTGCTGCA (SEQ ID NO. 4)). The
probe was labeled with the reporter dye, 6-carboxyfluores-
cein on the 5' end and the quencher dye, Black Hole Quencher
(BHC) on the 3' end. All the primers and the probe were
purchased from Integrated DNA Technologies (IDT DNA,
Coralville, lowa, USA).

The real-time PCR was performed on the ABI Prism 7700
sequence detection system or the 7500 Fast System (Applied
Biosystems) using default parameters (repeated for 40
cycles). The ABI Prism 7700 was replaced with a faster
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version: the 7500 Fast System during the course of the inclu-
sivity and exclusivity study. Therefore, part of the inclusivity
and exclusivity study was performed on the 7700 and the
other part on the 7500 System. Both the sensitivity and the
food studies were performed on the 7500 Fast System. For the
ABI 7700, a 50-pl reaction was set up including 1x TagMan
master mix (Applied Biosystems), 45 pmol of each primer,
12.5 pmol of the probe and 5 pl of the template DNA (150-200
pgml™). For the ABI 7500 system, a 20-pi reaction was set up
with 2x master mix (Applied Biosystems), 18 pmol of each
primer, 5 pmol of the probe and 2 pl of the template DNA
(150-200 ug m1~*). Each sample was run in duplicate, and the
mean cycle threshold (CT) value was calculated. CT value is
the number at which the fluorescence of the reaction crosses
the threshold. CT value of 40 or above was considered to be a
negative reaction based on the criteria set by Heller et al.
(2003).

Sensitivity Study

A sensitivity study was performed to establish the detec-
tion limit of the ompF gene primers for real-time PCR fol-
lowing the protocol in a previous study (Moore and Feist
2007). Briefly, a single isolated colony of Sa/m. Typhimurium
(ATCC 23564) from a TSA plate was inoculated into a4 ml of
TSB (Remel) and incubated for 18-22 h at 35° C. The over-
night culture was serially diluted tenfold (107" to 107*') in
molecular grade water (Sigma) to give a total cell suspension
volume of 200 ul. Twenty microliters of the dilutions 10~ to
107! were plated out on TSA plates in triplicate to establish
viable counts. The remainder of the cell suspensions was
boiled at 95° C. for 10 min before storing at —=20° C. for
real-time PCR analysis.

DNA Sequencing

Sequencing was performed to confirm that ompF is the
amplified product. A reverse primer extending further into the
ompF gene was designed for sequencing purposes (ompF-
seqR: TGGTGTAACCTACGCCATC (SEQIDNO. 5)). This
was based on the sequence obtained from the J Craig Venter
Institute  database  (GenBank  accession  number,
AAL19933.1). DNA from five strains CBD 20 (Salmonella
serotype Infantis, ATCC 51741), 25 (Salmonella serotype
Choleraesuis, ATCC 13312), 27 (Salmonella serotype
Pullorum ATCC 19945), 29 (Salmonella species, ATCC
35664) and 236 (Salmomella serotype Typhimurium,
FLDOH) was amplified. The amplified product was purified
by Wizard® genomic DNA purification kit (Promega, Madi-
son, Wis., USA). Sequencing was performed with the CEQ
8000 (Beckman Coulter, Fullerton, Calif., USA) according to
the manufacturer’s protocol. The results were analyzed by
Lasergene software version 8.0 (DNAStar Inc., Madison,
Wis., USA) and compared to the National Center for Biotech-
nology Information database.

Detection in Artificially Contaminated Foods (Food Study)

For the artificial contamination study, ready-to-eat foods
including pasteurized orange juice (pulp-free); cooked
chicken cuts (97% fat-free); fully cooked, frozen beef burger
patties; prepared, ready-to-eat egg salad; and mayonnaise
(low fat variety) were purchased from local grocery stores.
Sterile tongue depressors were used to aseptically weigh and
transfer 25 g each of the foods into sterile filter bags (Fisher
Scientific, Pittsburgh, Pa., USA). Orange juice, chicken cuts,
egg salad and mayonnaise were purchased and stored at 4° C.
about 12-48 h before testing. Frozen hamburger patties were
purchased, thawed and aseptically weighed (25 g each) into
sterile filter bags before re-freezing at -20° C. The frozen,
aliquoted hamburger patties were thawed at 4° C. about 18 h
before testing. All the other foods except for orange juice
were weighed and transferred aseptically into sterile filter
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bags and stored at 4° C. about 18 h before testing. Twenty-five
ml of orange juice was directly aliquoted into sterile 500-ml
flasks about 15 min prior to testing.

The inocula for spiking were prepared as previously
described (Tatavarthy et al. 2009). Briefly, an isolated colony
of Salm. Byphimurium (ATCC 23564 ) was transferred from a
freshly inoculated TSA plate (Remel) to 4 ml of TSB (Re-
mel). The broth was incubated at 35° C. forabout 15 h, and the
culture was decimally diluted in phosphate-buftered saline to
obtain a large volume of 107° dilution. Sterile glycerol (10%,
v/v) was added to the 10~° diluted culture and equilibrated at
room temperature for about 30 min before freezing. The
diluted cell suspensions (approx. 100 CFU per ml) were
aliquoted into cryovials (1 ml each) and stored at -85° C.

For artificial contamination, 1 ml of the 10~° cryostocks
was quick thawed at 35° C. and vortexed. For determining the
spike dosage, plate counts were set up by spreading 100 ul
each of the cryostock on three TSA plates and incubated for
18-24 h at 35° C. The average CFU obtained from the three
TSA plates was considered to be the CFU spiked. Salm.
Typhimurium inocula of 100 ul (<10 CFU per 100 pl) were
injected into 25 g of each food in the filter bag. A set of six
samples of a food type were tested per day. An unspiked
negative control was tested in parallel for each set of experi-
ments. Two hundred and twenty-five milliliters of buffered
peptone water (BPW, Remel) was added to each sample in the
filter bag. The sample was gently massaged for about 1 min
and was homogenized in a stomacher (model 400; Seward
Medical, London, UK) at 230 rev min) 1 for 2 min 30 s. The
homogenate from the filtered side was aseptically transferred
into sterile 500-ml flask and incubated for about 6 h and about
22-24 h at 35° C. DNA from about 6-h and about 22- to 24-h
enrichments was extracted using the ABI PrepMan reagent
following the manufacturer’s protocol. The DNA obtained
was subjected to real-time PCR using ompF as a target as
described earlier. Aerobic plate counts were set up on the
unspiked sample to determine the existing aerobic het-
erotrophic bacterial population prior to incubation as previ-
ously described in the Bacterial Analytical Manual.

Results

Primers designed for detecting the ompF gene were tested
on 218 Salmonella and 180 non-Salmonella strains by real-
time PCR assay.

Cycle Threshold Values

The Ct values ranged from 15.5 to 32.2. Majority of the
isolates (n=134) demonstrated Ct values between 15 and 20
(FIG. 5). Seventy strains had Ct values ranging between 20
and 25. Ctvalues ranging between about 25 and 30 were seen
in nine strains whereas only one sample showed a value above
30. As expected a higher percentage of samples (~76%) with
DNA extracted by boiling the sample, showed higher Ct
values (over 20) when compared to DNA extracted from
MagnaPure or Epicenter kit (~23%).

Inclusivity and Exclusivity

The primers and probe directed against the ompF gene
were demonstrated to be 100% inclusive to Salmonella. The
target was present in all the 218 Salmonella isolates tested
including the most common serotypes Salm. Typhimurium,
Salmonella serotype Enteritidis, Salmonella serotype New-
port and Sal/monella serotype Javiana (FIG. 1). It was also
present in other important serotypes of subspecies I, includ-
ing Salm. Typhi, Salmonella serotype Heildelberg, Salmo-
nella serotype Paratyphi A and Salm. Senftenberg (FIG. 1).
All the five subspecies of Salm. enterica (1, 11, 111, IV and VI)
and Salm. bongori tested also contained the gene (FIG. 2).

The CT values ranged from about 15.5 to 32.2 among the
218 Salmonella isolates.
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A majority of the isolates (n=138) demonstrated CT values
between about 15 and 20. Seventy strains had values ranging
between about 20 and 25. CT values ranging between about
25 and 30 were seen in nine strains, whereas only one isolate
(Salmonella arizonae, subspecies Illa, FDA) showed a value
of'above 30. The four Sa/m. Senftenberg strains tested had a
CT range of about 15-20.

The ompF gene was absent in all the 180 non-Salmonella
strains tested including E. coli, Staphylococcus spp., Bacillus
spp., Vibrio spp, Shigella spp, Listeria spp., Klebsiella spp.,
Proteus mirabilis, Pseudomonas spp. Citrobacter spp.,
Campylobacter spp. and Yersinia spp. (FIG. 3).

DNA Sequencing

Using the primers designed for sequencing, an expected
PCR product of approximately 542 bp from position35to 576
bp of the ompF gene was amplified and sequenced from the
five strains examined (data not shown). A comparison of the
consensus sequence with the BLAST database revealed a
match to the ompF gene of several Salmonella serotypes
including 99% similarity to both Sa/m. Typhi and Salmonella
serotype Paratyphi (GenBank accession nos. DQ224404.1,
FM200053.1, respectively).

Sensitivity Study

Based on the results by real-time PCR, 107° dilution was
the most diluted sample that gave a positive PCR reaction.
The average number of CFU in 20 ul of 107° dilution was
28.6. Two pl of the boiled DNA prep was used for the real-
time PCR analysis. Therefore, the sensitivity of the primers
was determined to be 2.8 CFU or approximately 3 CFU/PCR
reactions using pure culture.

Food Study

Six samples each of foods including orange juice, mayon-
naise, chicken cuts, egg salad and hamburger patty were
spiked with low levels (range=3-10) of Sal/m. Typhimurium
and tested for the presence of ompF after about 6-h and about
22- to 24-h enrichment (FIG. 4). The background aerobic
bacterial population of all the foods except the pasteurized
orange juice (<100 CFU g~') was moderately high (range=8x
10*-63x10° CFU g™"). The target was detected in 100% of
the spiked samples after about 22- to 24-h enrichment with
CT values ranging from 15.5 to 18.9 (FIG. 4). Because CT
values were very high on the about 6-h enriched samples
(range=33-2-39-5) and some of the unspiked controls also
had similar CT values, these samples were considered to be
negative for the spiked Salmonelia (F1G. 4).

FIG. 5 depicts that all the four Sa/m. Senftenberg isolates
were positive for ompF gene. A previous study found that
invA gene, which was commonly used to detect Salmonellain
the prior art, was absent in the Sa/m. Senftenberg strain (Gi-
nocchio et al. 1997). This finding highlights the need for
another method of detecting all strains of Salmonella.

The sensitivity of the ompF primer and probe set was
shown to be approximately 3 CFU per reaction which is
consistent with previous studies (Moore and Feist 2007). The
primers detected the target organism 100% of the time after
about 22- to 24-h enrichment when the foods were seeded
with a low inoculum often orless CFU per 25 g. However, 6-h
enrichment was not sufficient to detect the low spike that was
used in this study. The inventors’ previous work estimated the
mean generation time of 43 min of Salm. Typhimurium ATCC
23564 in BPW (Tatavarthy et al. 2009). For example, if the
starting inoculum is 10 CFU in 25 g of food as in this study,
then the total Salmonella in 250 ml of food slurry would be
5120 CFU in 6-45 h. In 1 ml (amount used for DNA extrac-
tion), there would be 20-48 CFU after about 6-45 h. As the
pellet was resuspended in 200 ul of ABI reagent, there would
be 20-48 CFU in 200 pl and approx. 0.2 CFU in 2 pl (volume
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used per PCR) of the DNA preparation. The sensitivity of the
primers has been determined to be about 3 CFU per reaction;
therefore, <0-2 CFU per reaction after 6-h incubation is not
sufficient for detection. On the other hand, 9-3-h incubation
(3-2 CFU per 2 ul) would be theoretically adequate for effec-
tive detection using these primers and probe.

An alternate approach of applying a larger volume of 6-h
enrichment and concentrating it further is examined. The goal
in studying the 6-h incubated sample was to incorporate the
sample preparation, incubation, DNA extraction and PCR in
1 working day for routine testing. Some of the unspiked foods
had a lower CT value (FIG. 4: chicken cuts, 33.67; egg salad,
35.93; burger patty, 34.89) than expected. This issue has not
been further investigated but the presence of an intrinsic
background of dead Salmonella cells in those foods cannot be
ruled out.

It has been shown that the loss of ompF in combination
with a blaCMY-4 gene results in resistance to imipenem
(Armand-Lefevre et al. 2003). It is therefore important to
consider that loss or mutation of ompF could result in failure
of the assay to detect certain Sa/monella isolates.

The inventors have also applied this technology for rapid
screening of proficiency test samples. Proficiency tests are
conducted by FDA several times a year. In these tests, food
samples are artificially inoculated with pathogens and are
sent to participating laboratories. The laboratories then pro-
cess the samples and identify and characterize the pathogens
using their in-house methods.

The inventors recently tested liquid eggs for the presence of
Salmonella as part of proficiency testing. The inventors’ real-
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time PCR method using the ompF gene was applied in con-
junction with other conventional identification methods.
Real-time PCR targeting the ompF gene identified all the
samples (four out of five spiked samples) correctly in less
than24h (#2,3,4, and 5 in FIG. 6). The conventional methods
however identified only samples #2, 3, and 5 as positive.
Based on the initial screening by real-time PCR, the inventors
re-tested sample #4 and confirmed it as Salmonella.

In conclusion, the ompF gene was demonstrated to be an
excellent marker for identification of both the species of
Salmonella: S. enterica and S. bongori. The discovery that the
ompF gene was present in all the Salmonella strains tested
indicates that the gene has the potential to be a good target for
the rapid molecular identification of Salmonella.

The disclosures of all publications cited above are
expressly incorporated herein by reference, each in its
entirety, to the same extent as if each were incorporated by
reference individually.

Itwill be seen that the advantages set forth above, and those
made apparent from the foregoing description, are efficiently
attained and since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention which, as a matter of language, might be said to
fall there between. Now that the invention has been described,

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 5
<210>
<211>
<212>
<213>

SEQ ID NO 1

LENGTH: 1092

TYPE: DNA

ORGANISM: Salmonella

<400> SEQUENCE: 1

atgatgaagc gcaaaatcct ggcageggtyg atccctgcece tgcetggetge tgcaaccgcea 60
aacgcagcag aaatttataa taaagatggt aataagctgg atctgtacgg taaagccgtyg 120
ggtcgtcacyg tatggacaac gaccggcgat agtaaaaatg ccgaccagac ttatgcccag 180
attggtttta aaggggaaac gcagattaac accgatctga ceggtttegg tcagtgggaa 240
taccgtacta aagcagaccg cgctgaagge gaacagcaga actcgaatct ggtcegtetg 300
getttegegyg gtttgaaata cgcggaagtyg ggttcaateg attatggteg taactacggt 360
atcgtttatg atgttgaatc ctataccgat atggecccct acttctceegg cgaaacctgg 420
ggcggegect atactgataa ctacatgacce agccgtgetg geggtttgtt gacctaccegt 480
aactctgact tetttggtet ggtggacggt ctetettteg gtatccagta tcagggtaaa 540
aatcaggaca accacagcat taactctcag aatggcgatg gegtaggtta caccatggcea 600
tatgagtteg acggetttgg cgtcaccgca gegtacagca acagcaagceg tactaacgat 660
cagcaggatc gecgatggtaa tggegatege gcagaatcgt gggecgttgg cgcgaaatat 720
gatgcaaaca acgtctacct ggctgecgta tatgctgaaa ceccgcaatat gageattgtt 780
gaaaatacgg ttaccgatac cgtggaaatyg gcaaacaaaa cgcagaacct ggaagtggte 840
gctcagtace agtttgactt cggectgegt ceggeaatet cgtatgtgeca gagtaaaggt 900
aagcagttga acggegecgg cggeteggece gatctggega aatatattca ggegggegeg 960
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13

14

-continued

acttactact tcaacaaaaa catgaacgta tgggttgact accgtttcaa cctgctggac

gaaaacgact acagctccag ctacgttgge accgacgatce aggceggetgt cggtattact

taccagttet ga

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 17

TYPE: DNA

ORGANISM: Salmonella

<400> SEQUENCE: 2

cctggecageg gtgatec

<210>
<211>
<212>
<213>

SEQ ID NO 3

LENGTH: 20

TYPE: DNA

ORGANISM: Salmonella

<400> SEQUENCE: 3

aaatttctge tgegtttgeg

<210> SEQ ID NO 4

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Salmonella

<400> SEQUENCE: 4

tgccctgetyg getgetgea
<210>
<211>

<212>
<213>

SEQ ID NO 5

LENGTH: 19

TYPE: DNA

ORGANISM: Salmonella

<400> SEQUENCE: 5

tggtgtaacc tacgccatc

1020

1080

1092

17

20

19

19

What is claimed is:
1. A method of detecting the presence of Salmonella in a
sample comprising:

providing a sample suspected of containing Sa/monella;

performing an amplification reaction from a nucleic acid
preparation derived from the sample using a forward and
a reverse primer capable of amplifying a target region of
a Salmonella specific gene wherein the gene is ompkF;
and

detecting an amplified nucleic acid product generated from
the amplification reaction;

wherein the forward primer sequence is substantially simi-
lar to SEQ ID NO: 2;

wherein the reverse primer sequence is substantially simi-
lar to SEQ ID NO: 3;

wherein the target region of ompF amplified is a 59 base
pair region located from nucleotides 18 to 76 of SEQ ID
NO: 1.

45

50

55

2. The method of claim 1, wherein the amplification reac-
tion is real time polymerase chain reaction (PCR).

3. The method of claim 1, wherein the detection of the
amplified nucleic acid product is performed by a labeled
probe.

4. The method of claim 3, wherein the probe is capable of
hybridizing to the amplified nucleic acid product.

5. The method of claim 3, wherein the probe is comprised
of'a sequence that is substantially similar to SEQ ID NO: 4.

6. The method of claim 3, wherein the probe is labeled with
a reporter dye at its 5' end and a quencher dye at its 3' end.

7. The method of claim 1, wherein the sample is selected
from the group comprising an environmental sample, a clini-
cal sample, and a food sample.
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