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RAPID SALMONELILA SEROTYPING ASSAY

CROSS REFERENCE TO RELATED APPLICATIONS
This application depends from and claims priority to U.S. Provisional Application No.
61/406,797, filed October 26, 2010, the entire contents of which are incorporated herein by

reference.

GOVERNMENT INTEREST
The invention described herein may be manufactured, used, and licensed by or for the

United States Government.

FIELD OF THE INVENTION
Processes and compositions are provided for detection of organisms in fluid samples.
More specifically, the invention relates to selective detection and serotyping of Salmonella in
biological or other fluid media. Processes are described for rapid and sensitive detection of
Salmonella, including Salmonella ser. Enteritidis in human, animal, food, and environmental
samples and quantification thereof. Diagnostic kits are provided for identification of Salmonella

serotypes in a clinical, laboratory, or field setting.

BACKGROUND OF THE INVENTION

Detecting and serotyping Salmonella is essential to protecting the food supply and for
understanding the epidemiology of this important food-borne pathogen. Determining the
presence and serotype of the dangerous Salmonella ser. Enteritidis is of particular importance to
the poultry and egg industries.

The genus Salmonella is divided into two species, S. enterica and S. bongori (33). S. enterica
is further divided into seven subspecies that can be abbreviated by Roman numerals, I, 11, Illa, IIIb,
IV, VI and VIIL Subsp. VII was described by Multilocus Enzyme Electrophoresis (MLLEE) and by
phylogenetic analysis of housekeeping genes (2, 9 22). Subspecies V is now recognized as the
separate species, S. bongori (28).

Serotyping further divides the Salmonellae subspecies into subtypes, or serovars (ser.), by
immunologic characterization of two surface structures, O-polysaccharide (O-antigen) and flagellin
protein (H-antigen) (25, 27). The current standard for Salmonella serotyping is the Kauffmann-White
serotyping scheme. This method currently includes the recognized 2,587 serotypes (4, 8, 9). A

serotype is represented by an antigenic formula (e.g. 1 4,5,12:1:1,2) indicating the subspecies; and O,
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Phase 1 H, and Phase 2 H antigens. Serotypes in subspecies I are also given a name (e.g.
Typhimurium).

Over 30,000 culture confirmed cases of Salmonella are identified in the United States
each year. The production and quality control of the greater than 250 antisera required to generate
the >2,500 serotypes using current methods is difficult and time consuming. Many isolates require
three to five days or more to fully determine the serotype, which delays serotype submission to the
public health data information systems. Improving the rate and accuracy of detecting and
serotyping Salmonella in samples is essential to improving product safety. Thus, there is a need
for compositions and methods useful to improve detection of and serotyping of Salmonella,

especially within food.

SUMMARY OF THE INVENTION

The following summary of the invention is provided to facilitate an understanding of
some of the innovative features unique to the present invention and is not intended to be a full
description. A full appreciation of the various aspects of the invention can be gained by taking
the entire specification, claims, drawings, and abstract as a whole.

Processes are provided for detecting the presence or absence of Salmonella in a sample
and for serotyping Salmonella in a sample. Detection and serotyping can be performed
simultaneously. Processes include performing a first stage assay by adding to a first portion of a
sample one or more first stage O-grp-1 primer set operable to produce an O-grp-1 amplification
product of O-grp-1 target sequence; adding to a second portion of the sample one or more first
stage H-ag primer sets operable to produce an H-ag amplification product of H-ag target
sequence, where each of the first stage primer sets includes a forward primer that hybridizes to a
region flanking a respective target sequence under conditions suitable for a polymerase chain
reaction, and a reverse primer that hybridizes to a different region of the target sequence under
conditions suitable for a polymerase chain reaction, wherein each respective target sequence is at
least a portion of a different Salmonella gene, and detecting the presence or absence of each of
the amplification products by hybridization to a labeled probe specific to the O-grp-1
amplification product or the H-ag amplification product, or both a labeled probe specific to the
O-grp-1 amplification product and a labeled probe specific to the H-ag amplification product.

An assay optionally further includes performing a second stage assay by adding to a third
portion of the sample one or more second stage primer sets operable to produce a second stage
amplification product of second stage target sequence, where the second stage target sequence is

selected from the group comprising one or more O-grp-2 target sequences, one or more target
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sequences that identifies Salmonella ser. Enteritidis (SE Assay), one or more additional target
sequences (AT Assay), one or more species and subspecies specific target sequences, or
combinations thereof, the second stage primer set comprising a forward primer that hybridizes to
a region flanking a second stage target sequence under conditions suitable for a polymerase
chain reaction, and a reverse primer that hybridizes to a different region of said second stage
target sequence under conditions suitable for a polymerase chain reaction, and detecting the
presence of or absence of the second stage amplification product by hybridization of a probe
specific to the second stage amplification product.

The assay is optionally performed in a multiplex format whereby primers for O-grp-1, H-
ag, and optionally O-grp-2 are combined in the same sample simultaneously. The process
optionally further include determining the identity of the O-grp-1 amplification product by
identification of the probe specific to the detected O-grp-1 amplification product, the identity of
the H-ag amplification product by identification of the probe specific to the detected H-ag
amplification product. Optionally, the process further includes determining the identity of the O-
grp-2 amplification product by identification of the probe specific to the detected O-grp-2
amplification product.

Primers and probes are provided with sequences operable to amplify one or more target
sequences or to specifically hybridize with one or more amplification products for identification
of the presence or absence or serotyping Salmonella in the sample. The primers and probes are

optionally combined in a kit or a library.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates rfb gene clusters targeted in some embodiments of an O-grp-1 assay;

FIG. 2 i1s illustrates the average signal strength of each probe from five isolates expressing
the 2 immunologically defined antigens (A); and the corresponding average P/N ratio data for each
of the probes (B);

FIG. 3 is a schematic of the parallel amplification reactions according to one
embodiment;

FIG. 4 is a schematic of a detection phase according to one embodiment;

FIG. 5 illustrates raw MFI data illustrating specific detection of O-grp-1 serotype in a
sample (A) and the ratio of positives to negative control for the detected isolates (B);

FIG. 6 illustrates raw MFI data illustrating specific detection of H-ag serotype included

in a sample (A); and the ratio of positives to negative control for the isolates (B);
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FIG. 7 illustrates one exemplary serotype revealing an O-grp C1 in a sample (A); and the
H-ag results of the same isolate (B) illustrating formula 6,7:y:1,5 and identification of serotype
Bareilly;

FIG. 8 illustrates overall detection of the 100 most common serotypes; and

FIG. 9 illustrates the frequency of each of the H-ag antigens in the clinical isolates of FIG. 8.

DETAILED DESCRIPTION OF EMBODIEMENTS OF THE INVENTION

The following description of particular embodiment(s) is merely exemplary in nature and
is in no way intended to limit the scope of the invention, its application, or uses, which may, of
course, vary. The invention is described with relation to the non-limiting definitions and
terminology included herein. These definitions and terminology are not designed to function as
a limitation on the scope or practice of the invention but are presented for illustrative and
descriptive purposes only.

The invention has utility for the detection and serotyping of Salmonella in a sample. As
it is difficult, expensive, and time consuming to regularly perform the traditional serotyping
culture assays, the sensitive PCR based techniques herein provide a more reliable detection
method than other currently employed assay systems.

Processes and reagents are described that allow rapid screening of a sample for the
presence of one or more Salmonella organisms as well as specific serotyping thereof by rapidly
and reliably determining the type of O and H antigens.

The H antigens of Salmonella are primarily encoded by one of two genes, fliC or fljB,
which express the Phase 1 H antigen and the Phase 2 H antigen, respectively. The fliC gene is
located in one of the flagellar biosynthesis operons. fliC is present in all Salmonellae and has a
homologue in other enteric bacteria. The fIjB gene is located in a region of the genome that is
unique to Salmonella enterica and is present in four of the S. enterica subspecies (Subsp. I, 1II,
IIIb, and VI). The two flagellin loci, fliC and fIjB, are coordinately regulated so that only one
antigen is expressed at a time in a single cell via a phase variation mechanism (31). Serotypes
expressing two flagellin types are termed diphasic, while those with only one flagellar antigen
type are considered monophasic. Subspecies 11la, IV, VII and §. bongori do not contain the fIjB
operon and are monophasic. In rare instances, Salmonella isolates express a third flagellar
antigen and the serotype is referred to as triphasic (1, 32).

There are currently 114 recognized H antigen types described in the Kauffmann-White

scheme (23). Sixty-nine flagellar antigens are characterized by a single epitope that typically
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shows little or no immunologic relatedness with other H antigens (e.g., H:a; b; c; d). The
remaining H antigens have been described having multiple epitopes and are grouped into
antigenically related complexes. Antigen complexes account for 45 H antigens in the serotyping
scheme and consist of a major common epitope plus one or more secondary epitopes. The
antigen complexes are named based on the major immunologic epitope (e.g.1-complex, EN-
complex, G-complex, L-complex and Z4-complex). For example, the 1 complex is identified by
the major antigen H:1 and further subdivided by the secondary epitopes, H:2; 5; 6 or 7.
Therefore, an antigen could be represented as H:1,2; 1,5 1,6 or 1,7 as well as combinations of
these single factors such as H:1,5,7 (16). Eight antigens are recognized in the 1-complex (e.g.
H:1,2; 1,5...), four in the Z4-complex (e.g. H:z4,2z23; z4,z24...), three in the EN-complex (e.g.
H:e,nx; e,n,z15; e,n,x,z15), six in the L-complex (e.g. H:L,v; LLw; 1,z13...) and 21 antigens in the
G-complex (f,g,t; g.m ...).

The O antigen contains multiple repeats of an oligosaccharide unit (O unit), which,
together with lipid A and core oligosaccharides, form the lipopolysaccharide present in the outer
membranes of gram-negative bacteria. Many of the genes required for O-antigen biosynthesis are
organized in a large regulon termed the rfb gene cluster. Typically, three classes of genes are
found in rfb clusters: (i) genes for synthesis of nucleotide sugars specific to the respective O
antigen; (i) sugar transferase genes to build the O subunit; and (iii) the O-antigen polymerase
(wzy) and transport protein (wzx) genes for assembly of the O subunit into the O antigen.

There are 46 O serogroups described in the Kauffmann-White scheme. Under this
scheme serogroups were originally designated by alphabetic letters. Later it was necessary to
continue with numbers 51 to 67. The antigenic differences among the 46 Salmonella O
serogroups are due mainly to genetic variation in their respective rfb gene clusters.

Compositions and methods are provided for the sensitive detection of Salmonella in
samples, such as biological or environmental samples, using techniques involving PCR. Primers
are provided that amplify regions of the rfb region for O-antigens and fIiB and fliC for H antigens
with high specificity and broad serotype recognition that are subsequently detectable in sensitive
detection systems.

The following definitional terms are used throughout the specification without regard to
placement relative to these terms.

As used herein, the term “variant” defines either a naturally occurring genetic mutant of
Salmonella, or a Salmonella gene or a recombinantly prepared variation of Salmonella, or a

Salmonella gene, with one or more mutations or modifications in a gene compared to the
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sequence wild-type sequence. The term *“‘variant” may also refer to either a naturally occurring
variation of a given nucleic acid sequence or a recombinantly prepared variation of a given
nucleic acid sequence in which one or more nucleic acids have been replaced by substitution,
addition, or deletion.

As used herein, the term “analog” in the context of a non-proteinaceous analog defines a
second organic or inorganic molecule that possesses a similar or identical function as a first
organic or inorganic molecule and is structurally similar to the first organic or inorganic
molecule.

As used herein, the term “derivative” in the context of a non-proteinaceous derivative
defines a second organic or inorganic molecule that is formed based upon the structure of a first
organic or inorganic molecule. A derivative of a molecule includes, but is not limited to, a
molecule modified, e.g., by the addition or deletion of a hydroxyl, methyl, ethyl, carboxyl or
amine group. An organic molecule may also be illustratively esterified, alkylated, labeled, and/or
phosphorylated. A derivative also defined as a molecule including a degenerate base
illustratively that mimicking a C/T mix such as that from Glen Research Corporation, Sterling,
VA, illustratively LNA-dA or LNA-dT, or other nucleotide modification known in the art or
otherwise.

As used herein, the term “hybridizes under stringent conditions” describes conditions for
hybridization and washing under which nucleotide sequences having at least 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more base pair matches to
each other typically remain hybridized to each other.

An “isolated” or “purified” nucleotide or oligonucleotide sequence is substantially free of
cellular material or other contaminating proteins from the cell or tissue source from which the
nucleotide is derived, or is substantially free of chemical precursors or other chemicals when
chemically synthesized. The language ‘“substantially free of cellular material” includes
preparations of a nucleotide/oligonucleotide in which the nucleotide/oligonucleotide is separated
from cellular components of the cells from which it is isolated or produced. Thus, a
nucleotide/oligonucleotide that is substantially free of cellular material includes preparations of
the nucleotide/oligonucleotide having less than about 30%, 20%, 10%, 5%, 2.5%, or 1%, (by dry
weight) of contaminating material. When nucleotide/oligonucleotide is produced by chemical
synthesis, it is optionally substantially free of chemical precursors or other chemicals, i.e., it is
separated from chemical precursors or other chemicals which are involved in the synthesis of the

molecule. Accordingly, such preparations of the nucleotide/oligonucleotide have less than about
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30%, 20%, 10%, or 5% (by dry weight) of chemical precursors or compounds other than the
nucleotide/oligonucleotide of interest. In some embodiments of the present invention, a
nucleotide/oligonucleotide is isolated or purified.

As used herein, the term “sample” is a portion of a larger source. A sample is optionally
a solid, gaseous, or fluidic. A sample is illustratively an environmental or biological sample. An
environmental sample is illustratively, but not limited to water, sewage, soil, or air. A
“biological sample” is as sample obtained from a biological organism, a tissue, cell, cell culture
medium, or any medium suitable for mimicking biological conditions. Non-limiting examples
include, saliva, gingival secretions, cerebrospinal fluid, gastrointestinal fluid, mucous, urogenital
secretions, synovial fluid, blood, serum, plasma, urine, feces, cystic fluid, lymph fluid, ascites,
pleural effusion, interstitial fluid, intracellular fluid, ocular fluids, seminal fluid, mammary
secretions, and vitreal fluid, and nasal secretions, throat or nasal materials, eggs, or other food.
Methods of obtaining a sample are known in the art. Illustratively, a sample is whole blood,
plasma, or serum that is obtained by venipuncture and optionally processed to obtain the final
sample.

As used herein, the term “medium” refers to any liquid or fluid that may or may not
contain one or more bacteria. A medium is illustratively a solid sample that has been suspended,
solubilized, or otherwise combined with fluid to form a fluidic sample. Non-limiting examples
include buffered saline solution, cell culture medium, acetonitrile, trifluoroacetic acid,
combinations thereof, or any other fluid recognized in the art as suitable for combination with
bacteria or other cells, or for dilution of a biological sample or amplification product for analysis.

To determine the percent identity of two nucleic acid sequences, the sequences are
aligned for optimal comparison purposes (e.g., gaps can be introduced in the sequence of a first
amino acid or nucleic acid sequence for optimal alignment with a second amino acid or nucleic
acid sequence). The nucleotides at corresponding nucleotide positions are then compared. When
a position in the first sequence is occupied by the same nucleotide as the corresponding position
in the second sequence, then the molecules are identical at that position. The percent identity
between the two sequences is a function of the number of identical positions shared by the
sequences (i.e., % identity=number of identical overlapping positions/total number of positions
.times.100%). In some embodiments, the two sequences are the same length.

The determination of percent identity between two sequences can also be accomplished
using a mathematical algorithm. A non-limiting example of a mathematical algorithm utilized for

the comparison of two sequences is the algorithm of Karlin and Altschul, 1990, PNAS 87:2264
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2268, modified as in Karlin and Altschul, 1993, PNAS. 90:5873 5877. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul et al., 1990, J. Mol. Biol.
215:403. BLAST nucleotide searches are performed with the NBLAST nucleotide program
parameters set, e.g., for score=100, wordlength=12 to obtain nucleotide sequences homologous
to a nucleic acid molecules of the present invention. BLAST protein searches are performed with
the XBLAST program parameters set, e.g., to score 50, wordlength=3 to obtain amino acid
sequences homologous to a protein molecule of the present invention. To obtain gapped
alignments for comparison purposes, Gapped BLAST are utilized as described in Altschul et al.,
1997, Nucleic Acids Res. 25:3389 3402. Alternatively, PSI BLAST is used to perform an
iterated search which detects distant relationships between molecules (Id.). When utilizing
BLAST, Gapped BLAST, and PSI Blast programs, the default parameters of the respective
programs (e.g., of XBLAST and NBLAST) are used (see, e.g., the NCBI website). Another non-
limiting example of a mathematical algorithm utilized for the comparison of sequences is the
algorithm of Myers and Miller, 1988, CABIOS 4:11 17. Such an algorithm is incorporated in the
ALIGN program (version 2.0) which is part of the GCG sequence alignment software package.
When utilizing the ALIGN program for comparing amino acid sequences, a PAM120 weight
residue table, a gap length penalty of 12, and a gap penalty of 4 1is used.

The percent identity between two sequences is determined using techniques similar to
those described above, with or without allowing gaps. In calculating percent identity, typically
only exact matches are counted.

As used herein, the terms “subject” and “patient” are synonymous and refer to a human
or non-human animal, optionally a mammal including a human, non-primate such as cows, pigs,
horses, goats, sheep, cats, dogs, avian species, and rodents; and a non-human primate such as
monkeys, chimpanzees, and apes; and a human, also denoted specifically as a “human subject”.

Processes are described that provides a rapid, specific, and sensitive assay for detection
of Salmonella in samples by amplifying one or more nucleotide sequences by processes similar
to the polymerase chain reaction (PCR).

The processes are optionally performed in a multiplex environment for the rapid
detection of multiple gene sequences. One or more nucleotide probe sequences are optionally
attached to a substrate such as a solid support. A solid support can be used in a variety of
physical formats, for example, in solution or suspension, as well as linked or immobilized to
other solid supports. A solid support can be composed of a natural or synthetic material, an

organic or inorganic material, such as a polymer, resin, metal or glass, and combinations thereof.
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A suitable solid support can have a variety of physical formats, which can include for example: a
membrane; column; a hollow, solid, semi-solid, pore or cavity-containing particle such as a
bead; a gel; a fiber, including a fiber optic material; a matrix and sample receptacle. Non-
limiting examples of sample receptacles include sample wells, tubes, capillaries, vials and any
other vessel, groove or indentation capable of holding a sample. A sample receptacle can be
contained on a multi-sample platform, such as a microplate, slide, microfluidics device, and the
like. Many suitable supports are known in the art and illustratively include Luminex®-type
encoded particles, encoded fiber optic particles, magnetic particles, and glass particles. Covalent
interaction of a probe with a solid support is useful for retaining the probe during washing
procedures performed in some assay formats, thus, producing a robust and accurate signal of the
presence of absence of a particular gene sequence.

The methods described herein are optionally performed in a multiplexed format such that
a plurality of samples is assayed simultaneously. An illustrative multiplexed format involves
using physically and/or chemically coded particles. Use of coded particles in multiplexed
formats has been described, for example, in US Patent No. 6,649,414 and US Patent No.
6,939,720. Because the codes allow particles to be distinguished from each other, a plurality of
distinct particles can be present in a single reaction mixture, allowing a plurality of different
samples or different probes to be assayed simultaneously. Codes on particles can correspond, for
example, to sample origins, particular target genes to be assayed, and the like, depending on the
experimental goal of the user. The specification provides exemplary methods using Luminex®-
type encoded particles as substrates for probes and for subsequent detection methods for example
only and not as a limitation on the invention. It is appreciated that one of skill in the art readily
envisions other assay formats, either multiplex or uniplex, that are equally applicable for use
with the inventive methods and compositions. Other illustrative assay methods include real-time
PCR such as that run on the Tagman® system, PCR amplification and sequencing, and specific
PCR amplification and detection of amplification products by mass spectrometry.

Inventive methods include a single or tiered method of serotyping an organism in a
sample. In some embodiments, a first reaction is performed whereby the O antigen group is
detected in combination with detection of particular set of H antigens (H-ag). The O antigen
group assays are termed O-grp-1 and O-grp-2. The O-grp-1 includes O groups B, C1, C2, D, E,
013, and serotype Paratyphi A. The O-grp-2 optionally includes groups: 0:6,14; O:11; O:16;
0:35; 0:50; O:17, O18; 021, 028; 030, O38; 040, O44; 047, O48; and O61. It is appreciated
that O-grp-1 and O-grp-2 optionally include other serogroups in place of or in addition to those
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listed herein. A first stage tiered assay examining O-grp-1 and the H antigens group examining
SliC and fljB will identify the presence of 95% of all human isolates. Thus, a first stage is
examination of O-grp-1 along with H-ag antigens in a multiplex assay. Some samples may not
yield a positive result from the first stage assay due to the remaining 5% of possible unscreened
serotypes. In such a situation, a second stage assay is optionally performed. In some
embodiments, a second stage assay is performed simultaneously with or subsequently to a first
stage assay. A second stage optionally screens for the O-grp-2 antigen type. It is appreciated
that the term second stage assay is for descriptive purposes alone, and any second stage assay
can be performed prior to, simultaneously with, or subsequent to a first stage assay. In addition,
any assay described herein can be run as a first stage assay alone or in combination with other
assays. It is appreciated that one or more second stage assays may be performed whether a
positive result or a negative result are obtained in a first stage assay or second stage assay. It is
further appreciated that any second stage assay can be used alone and independent of a first stage
assay.

In place of or in addition to a first stage assay or a second stage assay, some
embodiments analyze a sample for a specific serotype, illustratively: Salmonella ser. Enteritidis;
the presence or absence of additional targets (including examination of the targets sdf, Vi, and
fljB); a species and subspecies assay; or other specific serotype assay; species or subspecies
assay; or combinations thereof.

In some embodiments, during a first stage assay, an oligonucleotide forward primer with
a nucleotide sequence complementary to a unique sequence to an O-grp-1 target nucleotide
sequence is hybridized to its complementary sequence and extended by methods of the
polymerase chain reaction (PCR). Similarly, a reverse oligonucleotide primer complementary to
a second strand of and O-grp-1 target DNA in the same or an alternate gene region is hybridized
and extended. This system provides amplification of specific gene sequences and is suitable for
simultaneous or sequential detection systems. O-grp-1 specific serotyping reactions are taught
by Fitzgerald, C., et al., J. Clin. Microbiol., 2007; 45:3323-3334. It is appreciated that while the
description herein is generally directed to gene sequences, that detection of mRNA that is at least
a portion of a target gene transcription product is equally detectable by the processes and
compositions of the inventions. As such, it is appreciated that the complements of all primers
and probes described herein are similarly suitable in the invention.

The Salmonella nucleic acid sequences are optionally amplified before being detected.

The term “amplified” defines the process of making multiple copies of the nucleic acid from a
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single or lower copy number of nucleic acid sequence molecule. The amplification of nucleic
acid sequences is carried out in vifro by biochemical processes known to those of skill in the art.
The amplification agent may be any compound or system that will function to accomplish the
synthesis of primer extension products, including enzymes. Suitable enzymes for this purpose
include, for example, E. coli DNA polymerase I, Taq polymerase, Klenow fragment of E. coli
DNA polymerase I, T4 DNA polymerase, AmpliTaq Gold DNA Polymerase from Applied
Biosystems, other available DNA polymerases, reverse transcriptase (preferably iScript RNase
H+ reverse transcriptase), ligase, and other enzymes, including heat-stable enzymes (i.e., those
enzymes that perform primer extension after being subjected to temperatures sufficiently
elevated to cause denaturation). In some embodiments, the enzyme is hot-start iTaq DNA
polymerase from Bio-rad (Hercules, CA). Suitable enzymes will facilitate combination of the
nucleotides in the proper manner to form the primer extension products that are complementary
to each mutant nucleotide strand. Generally, the synthesis is initiated at the 3'-end of each primer
and proceeds in the 5'-direction along the template strand, until synthesis terminates, producing
molecules of different lengths. There may be amplification agents, however, that initiate
synthesis at the 5'-end and proceed in the other direction, using the same process as described
above. In any event, the processes of the invention are not to be limited to the embodiments of
amplification described herein.

One process of in vitro amplification, which is used according to this invention, is the
polymerase chain reaction (PCR) described in U.S. Pat. Nos. 4,683,202 and 4,683,195. The term
“polymerase chain reaction” refers to a process for amplifying a DNA base sequence using a
heat-stable DNA polymerase and two oligonucleotide primers, one complementary to the (+)-
strand at one end of the sequence to be amplified and the other complementary to the (-)-strand
at the other end. Because the newly synthesized DNA strands can subsequently serve as
additional templates for the same primer sequences, successive rounds of primer annealing,
strand elongation, and dissociation produce rapid and highly specific amplification of the desired
sequence. Many polymerase chain processes are known to those of skill in the art and may be
used in the process of the invention. For example, DNA is placed in a reaction tube in a
thermocycler along with supporting PCR reagents and subjected to a preheat step of 95°C for 15
minutes, followed by 30 cycles of 94 °C for 30 seconds, 48 °C for 60 seconds, and 72 °C for 90
seconds, followed by a finishing cycle at 72 °C for 10 minutes.

In a non-limiting embodiment, a first stage assay is performed using O-grp-1 primers and

probes of the sequences of Table 1. The O-grp-1 primers and probes, as well as all other primers
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and probes listed herein are appreciated to include variants thereof, analogs thereof, derivatives

thereof, or complements thereof. The terms primer or probe are used herein are appreciated to

include envisioned variants, analogs, derivatives, and complements.

Optionally in some

embodiments, when the term primer or probe is used, it is limited to be directed to one or more

primers or probes that are taught as having a sequence of any of SEQ ID NOs. 1-130 and

excludes variants, analogues, or derivatives. It is appreciated that for Table 1 and all other tables

that a corresponding forward primer and a reverse primer intended to amplify a single target

sequence together are a primer set.

Table 1:

Name

Sequence (5'-> 3')

Forward Primers

A/D-F
B-F
C1-F
C2-F
E-F
G-F

GA GTT TAT ATG CAT ATACTAA

GC ATA AAA CAT CATCTCTCATAAA
GCTTT AAT CCA ATATAA AA
CAGACGTTTGT TTT ATAA

CT GATTTA ACC GGG TATTATTTAT
CT CTT GAT GAATGT TATTA

Reverse primers

A/D-R
A/D-
SubSpcll
B-R
C1-R
C2-R

E-R

G-R

Probes

A

D

D (subsp II)
B

c1

TACTGG TAAACTTATC

TGCTGG TAAATT TATC

CGCATATGT TGATAATTAAAATCTTT
TAA ATA TAT GAT AGT TCC AAATAA
GAT CGT ACA ATC AAT ATC

CTT TTC TAT GCA GTG GTT TAA

GTT AACCCCTCCTAATA

GC GGC GGC GAACTCATTT

GC GGCGGC GAGTTCATTT

GT GGCTGCGAG TTCATT T

TT TAT TGC CAA ATCAAG AACTTT AAT GGT TTT A

AT GAA ATG TCG ACG CACATA GAATAA GAATAA GC

SEQ ID NO:

A bk W N

10
11
12
13

14
15
16
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18
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Cc2 TC CCT CTC ACC GTAAACATGTTC TAAACG TAAATT 19
E AG GAT ATATGT TAA GGC TGT ACT TAT ACCTAG CT 20
0:13 AT ATATAGATGTTT ATTATATIT GCATTCCCCA 21

The O-grp-1 primers are optionally combined in separate reaction chambers or a single
amplification reaction chamber and/or an amplification reaction set with primers for the H
antigens of fliC and fIjB. It is appreciated that each set of primers of O-grp-1 and set of primers
of H-ag are optionally placed in a single reaction tube, divided between two reaction chambers
with one for all sets of the O-grp-1 and a second for all the sets of the H-ag, or each set is
optionally placed in an independent reaction tube. It is further appreciated that each of the O-
grp-1 primer sets and H-ag primer sets may be used in simultaneous or non-simultaneous
amplification reactions. In some embodiments, the amplification reaction conditions (e.g.
buffers, polymerases, reagent concentrations, melting temperature and time, annealing
temperature and time, extension temperature and time, among others) are optionally uniform for
all primer sets within a first stage assay or subgroup thereof.

A first stage optionally includes examination of H-ag. Table 2 illustrates optional H
antigen primers are probes. Throughout the description, the bold characters indicate the optional
presence of a locked nucleotide, and the lowercase letters indicate a non-wild type base. It is
appreciated that any primer or probe operable in the methods optionally include an insertion,
deletion, or alternate base that is useful for improving the specificity of hybridizing to a target
sequence. As such, an H-ag optionally includes those primers and probes listed in Table 2.
Table 2:

Name Sequence (5'-> 3') SEQID NO:

Forward Primers

1EN_F1 CGCTGAACGTGCAGAAAGAGTATGATGT 22
1EN_F2 AACGTGCAGAAAAAATATGATGT 23
ri_F GTGCAACAAAAATATAAGGTCAGC 24
bd_F GCGAACGACGGTGAAACTAT 25
G_F TCCAGCTTCAAGAATGTTACGGG 26
z51_F ATCTAATTTCAAAAACGTTACTGG 27
z29_F AAAAAGCCTTGGAATGGATGG 28
4 F AGCTGGGCTTAGATAAATTAGATGT 29

L_F GCAGAAAAAATATGATGTGAAGAGC 30



WO 2012/058303

Reverse primers
1EN_R
ri_R
b_R
G_R
mt_R
c_R
v_R
eh R
z29 R
Z4 R
d_R

Probes
a-1
a-2

z10

z35

z29

z6

L-comp

728

EN-comp-1

14

AACTGCCTTCAATTGTCTTACC
CACCCGCTGCTGTCAATG
CGGTCACCTCAACGAAGTAG
TATAAACATTTTTGCTTGATTGTAAGG
TAGCAGTATATTCAGCTCCCATT
ATTTATTCGTCAGCAGTTTTITC
AACCGCCTTCAATTGTTTTACC
CGTCAATAGATTTTCCATTTTTATC
CCGCGTTAACAAATGACAGC
GGCAGATTCAAAACGGTTC
GCATAGCCACCATCAATAACC

CCTTCGGCTACATTAAGCACT
TCTACAACTGATACTGGTTC
TGCCTATACGCCAAAAGGTACC
CTGGCGCAGCTAGCTTGAAAG
ACTACAAAGAAAGTTAATATTGATAC
ACTGGCGCCGATAAGGAC
GGCGATTCCTTGTCTGCTACG
TTGATAAGACGAACGGTGAGGT
ATGGTTTCCTTAAAGTTGACGTTAATAC
GGCACACCAACAGGACCAAT
AACCAACGAATGCAGTTGAA
CAATTGGGGCCTCGACTACTA
TGCTAAGAGCGGTTACTATAA
TGGCGCGCACAAAGCAAC
TTACAGACCCAGAAATTGCTG
AAGCACTACGATGCCTACTGC
AAAAGGCCAATTAGTTACGAT
AATGCCGACAACCACIGAAAG
AACCGCCGCGAAAGTGACA
CACTGTAAGTGGTTATAC

PCT/US2011/057875
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EN-comp-2 CACTGTAGGTGGTTATACCGATGC 62
X ATATTATTCCACTGTAAGTGtGTTATACC 63
z15 CTGTAGGTGtGTTATACCGATGC 64
1-comp CAATAATGGTACTACACTGGATGTAT 65
2 GTGtGTACGAATGGTACtGGC 66
5-1 GTGGTACGACTGGTACGGC 67
6 GTACGCTTGGCACGGCTTCTGTAA 68
7 CGAATGGTGCACCTAGTGTAACAGGTA 69
G-comp ACGGTAATGGTACGGTTTCTACTAC 70
f CGGtCGAATGTTGATGtCTGCTAC 71
m/g,m TATTGCCACTGGCGCGAC 72
m/g,t GTTTATACTTCCGTTGTAAGCGGTC 73
p TGATATTGCCATTGGCGCTGGCG 74
S CTGCGGTTAACCTATTCAtAGACGACTA 75
t-1 GCTCCAACTGTTCCTGATAAAGTATACGTA 76
z51 TATTAATTCTGGAGCAGTAACTGATGA 77
Z4-comp ACCGAGCTGGGCTTAGATAAAT 78
224 GCTACCGTAGATAATAGTACTGGG 79
Iw_6_5_3 TACCTCAATACCGCTGGTCTTAAT 80
t_21_8t ATGAAGGTAATGtGTACGGTTTCTAC 81
223-2 CAGCTGATTTCGATAACGCAAAA 82

The primers used to amplify the H-antigen regions are optionally targeted to a variable
region of the gene. The primers used are designed to amplify sequences from all known H
antigens in a multiplex assay format. Thus, a single reaction chamber is optionally used wherein
all the primers listed in Table 2 are combined to form a plurality of amplification products
representative of the entire H-antigen composition of the sample. The identification of H-
antigen is then obtained by identification of the probes that hybridize to the specific
amplification products. Thus, the H-antigen portion of a first stage assay is optionally a
multiplex assay designed to amplify all known sequences of H-antigen with the identification
obtained by identification of probe hybridized to an amplification product.

In some embodiments, a second stage assay is included to determine whether a sample
contains a Salmonella serotype that is not detectable by the first stage assay. A second stage

assay optionally detects the presence and serotype of a Salmonella in the sample. A second stage
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assay optionally is performed simultaneous with, prior to, or subsequent to a first stage assay. A
second stage assay is used to detect O-grp-2 targets, a single serotype illustratively Salmonella
ser. Enteritidis, additional targets, or species and subspecies targets. It is appreciated that the
term “second stage assay” is meant to discern an additional or simultaneous assay when used in
conjunction with the compositions or processes of a first stage assay. It is further appreciated
that any second stage assay is operable independent of a first stage assay and when referred for
use independent of a prior assay is referred to herein as a first stage assay or by the specific
target or set of targets identifiable by the assay.

A second stage assay is optionally operable to detect additional targets that include
sequences of the genes encoding Sdf, Vi, and F]jB. Illustrative primers and probes for detection
and serotyping additional targets are listed in Table 3.

Table 3:
Original name Name Sequence (5'-> 3') SEQID NO:

Forward Primers

sdfF sdfl_F GTG GTG GCT GGC GAA TGG 83
via_FTr viaB_F AGGTTATTTCAGCATAAGGAGACTT 84
fljB F2 fllB_F  CCTGGATGACACAGGTAAGCC 85

Reverse Primers

sdfR sdf R GGA GAG GCG GTT TGATGT GG 86
via_RTr viaB_R CTCTTCCATACCACTTTCCGA 87
fljB R2 fliIB_.R TGGGTCAGCAGCGACAGA 88
Probes Sequence

sdfl_1 sdfl TA CTC CCT GAATCT GAG AAA 89
Vil 1 viaB GACGGAGCAGAGAGATTATCG 90
fljB1_14 fljB ATAACATTGGTTATCAAAAACCTTCCAAAA 91

In some embodiments a second stage O-grp-2 assay is performed. An O-grp-2 assay is
used along with a first stage assay to collectively detect and serotype 99% of Salmonella that
could be present in a sample. An O-grp-2 assay optionally uses primers and probes as listed in

Table 4.
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Table 4:
Name Sequence (5'-> 3') SEQID NO:
Forward Primers
035-F AGA GGA ATA AAAAATTITACGTTGT3 92
O50-F GCATGG ATG GGT GGA ATT AGT3 93
0614-F ATT GTT GCATTT GTA AAATGT AT3 94
O11-F CGATGG TCCATT ATTTGATTCTT3 95
O16-F ATA ATC CTG AAA ATG GTATAACT3 96
Reverse primers
035-R ATTGTTTTCCTT AAATTAATCCTCA 97
O50-R GAG CCATGCCCATAT CAGC 98
0614-R AACACCATG CAT CTT AACTAA 99
011-R GGG GAAGACCTTCAG ATAAAG A 100
016-R ATGTTT CGC CAT ATA AAATAT GA 101
Probes
035 GAATCT GTCCTCTGT AATTATTAATAATGATT G 102
050 AAA AAT AACTTA AAA AAT TTA ATA CAT TAG AAA 103
06,14 GCC TAT TAG ATA GAT TAAATA AAATACAGATCCAAAG 104
011 ACT GGATTA GTG AAAATATTAATT CTATAATC 105
016 CGC AGG CCCTCT AAATAT CCCTAATAT TAT AGT GG 106

In some embodiments, a single Salmonella serotype is screened, detected, or serotyped.
Optionally, a method is targeted to serotype specific detection, illustratively detection of
Salmonella ser. Enteritidis. Salmonella ser. Enteritidis exposure may lead to severe illness and
even death. Exposure to Salmonella ser. Enteritidis is most commonly from consuming
contaminated poultry or eggs. A chicken harboring Salmonella ser. Enteritidis can pass the
bacteria to the eggs. Thus, an assay that can quickly and specifically detect Salmonella ser.
Enteritidis in a sample that is derived from a chicken, or other sample, is desirable. A method of
serotype specific detection of Salmonella ser. Enteritidis (SE Assay) optionally includes primers
and probes that will specifically amplify and detect target gene sequences. Illustrative examples
of primers and probes include those listed in Table 5, with an F or a R indicating a forward or

reverse primer respectively.
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Table 5:
Original name Name
Primers
invAF1 invAF1
InvAR3 InvAR3
PhoSspF2 PhoSspF2
PhoSspR2 PhoSspR2
A/D-F
A/D-R
G-F3 G_F
G-Rev2 G_R
sdfF sdfl F
sdfR sdf R
Probes
invA_3 invA_3
phoP phoP
Sspl Sspl
D
G_20 G-comp
gm.122 m/g,m
sdf 1 sdfl

In some embodiments, a species and subspecies assay is used along with a first stage
assay, a second stage assay, an SE assay, combinations of assays, or independent of other assays.
The subspecies assay is capable of detecting up to all species and subspecies of Salmonella. The
species and subspecies assay optionally uses a single forward and reverse primer pair to amplify
a single gene sequence. The species and subspecies assay optionally uses two pairs of primers to
amplify the gene sequence in overlapping regions from multiple serotypes. The specificity of the
assay is optionally achieved by the use of species and subspecies specific probes. Illustrative

examples of primers and probes used in a species and subspecies assay are listed in Table 6.

18

Sequence (5'-> 3')

CTGCTTTCTCTACTTAACAGTGCTCG
CGCATCAATAATACCGGCCTTC
ATGATGCGCGTACTGGTTGTAG
TTTGATGACCTCTTCATTGACGGATAA
GA GTTTAT ATG CAT ATACTAA
TACTGG TAAACT TATC
TCCAGCTTCAAGAATGTTACGGG
TATAAACATTTTTGCTTGATTGTAAGG
GTGGTGGCTGGCGAATGG
GGAGAGGCGGTTTGATGTGG

CCTGGCGGTGGGTTTTGTTGTCTTC
TCCAGGATTCAGGTCACCA
CCTTAATGAACACCTTCC
GCGGCGGCGAGTTCATTT
ACGGTAATGGTACGGTTTCTACTAC
TATTGCCACTGGCGCGAC

TA CTC CCT GAATCT GAG AAA

The lowercase letters indicate a non-wild type base.

PCT/US2011/057875

SEQ ID NO:

107
108
109
110
111
112
113
114
115
116

117
118
119
120
121
122
123
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Table 6:
Original name Name Sequence (5'-> 3') SEQID NO:

Primers
invAF1 invAF1 CTGCTTTCTCTACTTAACAGTGCTCG 107
InvAR3 InvAR3 CGCATCAATAATACCGGCCTTC 108
Pho Ssp F2 Pho Ssp F2 ATGATGCGCGTACTGGTTGTAG 109
Pho Ssp R2 Pho Ssp R2 TTTGATGACCTCTTCATTGACGGATAA 110
Probes
invA_3 invA_3 CCTGGCGGTGGGTTTTGTTGTCTTC 117
phoP phoP TCCAGGATTCAGGTCACCA 118
"1 "1 TACCTTAATGAACACCTTCC 124
13 13 GGCCTGTCCTTAATACG 125
lllal_8 lllal_8 TGACGTTTTACTACCGGTTCTG 126
lbl_4 lbl_4 TGCCAGTGCTGGTGTTAACCG 127
IV_5, IV_5, TCGATGCAGCAGAAGATGCC 128
VI5tt_2 VI5tt_2 GGCAAGATAAAGTCtGtAGGTT 129
V3_18 V3_18 GAGCATCGCCGGACATCGCGATTG 130

It is appreciated that the primers and probes described herein are optionally mixed and
matched to form custom blends for specific desired circumstances of the user. Illustratively,
custom Kkits can be arranged for investigation of a particular serotype or groups of serotypes, the
source of an outbreak, in research projects with particular desired outcomes or testing particular
hypotheses, or other desired use.

A primer, probe, or combinations thereof, optionally include one or more labels. A label
optionally allows a user to distinguish an amplification product from other amplification
products or to bind to a particle or detect whether an amplification product is affixed to a
particle. A label is illustratively a fluorophore such as fluorescein (FAM), a radioactive label, or
a specific binding partner such as streptavidin or biotin. A forward or a reverse primer is
optionally labeled. In some embodiments, both a forward and reverse primer are labeled. The
presence, type, requirement, or absence of a label is determined by a user depending on the
method used for detection of specific amplification products. Illustratively, reverse primers are

labeled with streptavidin for subsequent association with a biotinylated fluorophore optionally

for detection in a Luminex multiplex assay system. Optionally, a forward or reverse primer or a
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probe is labeled with biotin for interaction with a streptavidin bound fluorophore such as a bead
for use in a Luminex based assay system.

When a Luminex assay system is used, particles are associated with a probe specific for a
nucleotide sequence of a single serotype or subspecies. The size, type, and composition of the
particles are illustratively described in U.S. Patent No. 6,649,414. It is appreciated that each
serotype or subspecies specific probe is associated with a particle type that is distinguishable
from the particle type associated with probes specific for different serotypes or subspecies.
Ilustratively, the O-grp-1 probes are each associatable or associated with a unique particle that
has a unique fluorescence signature. The H-ag probes are optionally associated with yet
additional unique particles each with unique fluorescence signatures. Thus, an assay includes a
detection phase whereby the presence of an amplicon bound to a probe is detectable by detecting
the label on the primer and the identity of the amplicon is determined by detecting the specific
fluorescence signature of the particle to which the probe is associated.

An oligonucleotide probe, as an exemplary amplicon specific detection agent, is
illustratively associated with a particle via a covalent bond. Methods of attaching probes to
particles are described by Fitzgerald, C. et al., J Clin Microbiol, 2007; 45:3323-34. It is
appreciated that other methods of associating (covalently or non-covalently) nucleotide primers or
probes with a support are known in the art and included herein. The individually labeled beads are
optionally pooled in to groups for specific detection of a plurality of serotypes in a single detection
phase. Optionally, in a first stage assay probes for each of the O-grp-1 serotypes and H-ag serotypes
are pooled and incubated with the reaction products from the amplification phase of the first stage.

In some embodiments, a forward or reverse primer includes a biotin label. A label is
optionally present on or near a 3’ or 5’ end of a primer or probe. Following hybridization of the
microspheres with any amplification product, the detection mixture is combined with a detection
buffer that includes a fluorophore or other label conjugated to streptavidin or other specific binding
partner. The tight interaction between biotin and streptavidin (typically with dissociation constants
in the femtomolar range) allows direction of the streptavidin-fluorophore to labeled amplification
products. In other embodiments, an amplification product is directly labeled with a fluorophore such
that a secondary association with a fluorophore is not necessary. The fluorescent label on an
amplification product is distinguishable from the fluorescent signals of the particles such that
identification of which beads have probes hybridized to the amplification product can be detected
and identification of the particular probe hybridized to an amplification product is determined by

identification of the particle through its unique fluorescence signature.
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Identification of a particle with a probe hybridized to an amplification product is illustratively
performed on a flow cytometer. An illustrative example includes the Luminex 100 or Luminex 200
systems available from LLuminex Corp., Austin, TX.

In some embodiments, a real-time PCR reaction such is used to detect the presence of a
specific amplification product. A fluorescent reporter dye, such as FAM dye (illustratively 6-
carboxyfluorescein), is optionally covalently linked to the 5' end of the oligonucleotide primer or
probe. Other dyes illustratively include TAMRA, AlexaFluor dyes illustratively include
AlexaFluor 495 or 590, Cascade Blue, Marina Blue, Pacific Blue, Oregon Green, Rhodamine,
Fluoroscein, TET, HEX, Cy5, Cy3, and Tetramethylrhodamine. Each of the reporters is
quenched by a dye at the 3' end or other non-fluorescent quencher. When processes such as real-
time PCR are used to detect amplification products, quenching molecules are included with a
label on a probe that are suitably matched to the fluorescence maximum of the dye. In some
embodiments, a 6-carboxyfluorescein reporter dye is present at the 5’-end and matched to
BLACK HOLE QUENCHER (BHQI1, Biosearch Technologies, Inc., Novato, CA.) The
fluorescence signals from these reactions are captured at the end of extension steps as PCR
product is generated over a range of the thermal cycles, thereby allowing the quantitative
determination of the viral load in the sample based on an amplification plot.

The primers and probes for use in amplifying the nucleic acid sequences of Salmonella
may be prepared using any suitable process, such as conventional phosphotriester and
phosphodiester processes known in the art or automated embodiments thereof so long as the
primers and probes are capable of hybridizing to the nucleic acid sequences of interest. One
process for synthesizing oligonucleotides on a modified solid support is described in U.S. Pat.
No. 4,458,006. The exact length of primer will depend on many factors, including temperature,
buffer, and nucleotide composition. The primer must prime the synthesis of extension products
in the presence of the inducing agent for amplification.

Primers sets are complementary to a portion of each strand of nucleotide sequence to be
amplified. Probes are complementary to nucleotide sequences that are useful for identifying an
amplification product indicative illustratively of a serotype or subspecies. The term
“complementary” means that the primer hybridize with their respective strands under conditions
that allow the agent for polymerization to function, or a probe will hybridize with an
amplification product under conditions that allow for detection of the hybridization. In other
words, the primers that are complementary to the flanking sequences hybridize with the flanking
sequences and permit amplification of the nucleotide sequence. Optionally, the 3' terminus of the

primer that is extended is perfectly base paired with the complementary flanking strand. Probes
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optionally possess nucleotide sequences complementary to one or more strands of the
amplification product.

Those of ordinary skill in the art will know of various amplification processes that can
also be utilized to increase the copy number of target Salmonella nucleic acid sequence. The
nucleic acid sequences detected in the process of the invention are optionally further evaluated,
detected, cloned, sequenced, and the like, either in solution or after binding to a solid support, by
any process usually applied to the detection of a specific nucleic acid sequence such as another
polymerase chain reaction, oligomer restriction (Saiki et al., BioTechnology 3:1008 1012
(1985)), allele-specific oligonucleotide (ASO) probe analysis (Conner et al.,, PNAS 80: 278
(1983)), oligonucleotide ligation assays (OLAs) (Landegren et al., Science 241:1077 (1988)),
RNase Protection Assay and the like. Molecular techniques for DNA analysis have been
reviewed (Landegren et al, Science 242:229 237 (1988)). Following DNA amplification, the
reaction product may be detected by Southern blot analysis, with or without using radioactive
probes. In such a process, for example, a small sample of DNA containing the nucleic acid
sequence obtained from the tissue or subject is amplified, and analyzed via a Southern blotting
technique. The use of non-radioactive probes or labels is facilitated by the high level of the
amplified signal. In some embodiments of the invention, one nucleoside triphosphate is
radioactively labeled, thereby allowing direct visualization of the amplification product by
autoradiography. In some embodiments, amplification primers are fluorescently labeled and run
through an electrophoresis system. Visualization of amplified products is optionally by light
detection followed by computer assisted graphic display, without a radioactive signal.

Other methods of detection amplification products illustratively include gel
electrophoresis, mass spectrometry, liquid chromatography, fluorescence, luminescence, gel
mobility shift assay, fluorescence resonance energy transfer, nucleotide sequencing, enzyme-
linked immunoadsorbent assay, affinity chromatography, chromatography, immunoenzymatic
methods (Ortiz, A and Ritter, E, Nucleic Acids Res., 1996; 24:3280-3281), streptavidin-
conjugated enzymes, DNA branch migration (Lishanski, A, et al., Nucleic Acids Res., 2000;
28(9):e42), enzyme digestion (U.S. Patent No. 5,580,730), colorimetric methods (Lee, K.,
Biotechnology Letters, 2003; 25:1739-1742), or combinations thereof.

The term “labeled” with regard to the primer or probe is intended to encompass direct
labeling of by coupling (i.e., physically linking) a detectable substance to the probe, as well as
indirect labeling of the probe by reactivity with another reagent that is directly labeled.

Examples of indirect labeling include detection of a probe or primer using a fluorescently labeled
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antibody and end-labeling or centrally labeling of a primer or probe with biotin such that it can
be detected with fluorescently labeled streptavidin. The detection method of the invention can be
used to detect RNA (particularly mRNA) or genomic nucleic acid in a sample. For example, in
vitro techniques for detection of nucleic acid include northern hybridizations, in situ
hybridizations, reverse transcription-PCR, real-time-PCR, and DNase protection. [In vivo
techniques for detection of Salmonella include introducing into a subject organism a labeled
antibody directed against a polypeptide component or directed against a target nucleic acid
sequence. For example, the antibody can be labeled with a radioactive marker whose presence
and location in the subject organism can be detected by standard imaging techniques, including
autoradiography.

The size of the primers or probes used to amplify a portion of the nucleic acid sequence
and detect an amplification product of Salmonella is at least 5, and often at least or up to 10, 15,
20, 25, 30, 35, or 40 nucleotides in length. It is appreciated that any length there between may
be used depending on the desired characteristics of the primer or probe. Optionally, the GC ratio
is above 30%, 35%, 40%, 45%, 50%, 55%, or 60% so as to prevent hair-pin structure. The
amplicon is optionally of sufficient length to be detected by standard molecular biology
methodologies. The forward primer is optionally shorter than the reverse primer or vice versa.
Techniques for modifying the T, of either primer are operable herein. A primer or probe
optionally includes LNA-dA or LNA-dT (Exiqon, Inc., Wobrun, MA) optionally to match Ty,
with a corresponding alternate primer or with other probes used in a detection phase.

An inventive process optionally uses a polymerization reaction that employs a nucleic
acid polymerizing enzyme, illustratively a DNA polymerase, RNA polymerase, reverse
transcriptase, or mixtures thereof. It is further appreciated under such circumstances that
accessory proteins or molecules are present to form the replication machinery. A polymerizing
enzyme is optionally a thermostable polymerase or thermo-degradable polymerase. Use of
thermostable polymerases is well known in the art such as Taq polymerase available from
Invitrogen Corporation, Carlsbad, CA. Thermostable polymerases allow a polymerization
reaction to be initiated or shut down by changing the temperature other condition in the reaction
mixture without destroying activity of the polymerase.

Accuracy of the base pairing of DNA sequence amplification is provided by the
specificity of the enzyme. Error rates for Taq polymerase tend to be false base incorporation of
107 or less. (Johnson, Annual Reviews of Biochemistry, 1993: 62:685-713; Kunkel, Journal of
Biological Chemistry, 1992; 267:18251-18254). Specific examples of thermostable polymerases



10

15

20

25

30

WO 2012/058303 PCT/US2011/057875

24

illustratively include those isolated from Thermus aquaticus, Thermus thermophilus, Pyrococcus
woesei, Pyrococcus  furiosus, Thermococcus litoralis and Thermotoga maritima.
Thermodegradable polymerases illustratively include E. coli DNA polymerase, the Klenow
fragment of E. coli DNA polymerase, T4 DNA polymerase, T7 DNA polymerase and other
examples known in the art. It is recognized in the art that other polymerizing enzymes are
similarly suitable illustratively including FE. coli, T7, T3, SP6 RNA polymerases and AMYV,
M-MLV, and HIV reverse transcriptases.

The polymerases are optionally bound to a primer. When the target gene sequence is a
single-stranded DNA molecule due to heat denaturing, the polymerase is bound at the primed
end of the single-stranded nucleic acid at an origin of replication. A binding site for a suitable
polymerase is optionally created by an accessory protein or by any primed single-stranded
nucleic acid.

In some embodiments, detection of amplification products of O-grp-1, O-grp-2, H-ag,
SE, or other target nucleic acid sequence is achieved by mass spectrometry. Mass spectrometry
can be used to simultaneously detect the presence of Salmonella and decipher mutations in target
nucleic acid sequences allowing identification and monitoring of emerging strains. Further,
mass spectrometers are prevalent in the clinical laboratory. Similar to fluorescence based
detection systems, mass spectrometry is capable of simultaneously detecting multiple
amplification products for a multiplexed and controlled approach to accurately quantifying
components of biological or environmental samples.

Multiple mass spectrometry platforms are suitable for use in the invention illustratively
including matrix assisted laser desorption ionization time of flight mass spectrometry (MALDI),
electrospray mass spectrometry, electrospray ionization-Fourier transform ion cyclotron
resonance mass spectrometry (ESI-FTICR), multi-stage mass spectrometry fragmentation
analysis (MS/MS), mass spectrometry coupled with liquid chromatography such as high
performance liquid chromatography mass spectrometry (HPLC) and ultra performance liquid
chromatography isotope dilution tandem mass spectrometry (UPLC-ID/MS/MS), and variations
thereof.

Optionally, multiple amplification products are simultaneously produced in a PCR
reaction that is then available for simultaneous detection and optional quantification. Optionally,
a single sample is subjected to analysis for the simultaneous or sequential detection of
Salmonella genetic sequences.  Oligonucleotide matched primers are simultaneously or

sequentially added and the biological sample, or a portion thereof, is subjected to proper
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thermocycling reaction parameters. For detection by mass spectrometry or Luminex based
detection systems, the amplification products may be combined in a single sample and are
simultaneously analyzed allowing for rapid and accurate determination of the presence of
Salmonella. Optionally, analysis by real-time PCR is employed capitalizing on multiple probes
with unique fluorescent signatures. Thus, each target sequence is detected without interference
by other amplification products. Optionally, a Luminex multiplex based detection system is used
to detect the presence of particular amplification products. This, multi-target approach increases
confidence in quantification and provides for additional internal control.

In some embodiments, the processes further involve obtaining a control sample from a
control subject or from an environment known not to have Salmonella therein or to have a
known Salmonella serotype, contacting the control sample with a compound or agent capable of
detecting the presence of serotype specific Salmonella nucleic acids in the sample, and
comparing the presence or absence of target nucleotide sequences in the control sample with the
presence or absence target sequences in the test sample.

The inventions also encompass kits for detecting the presence of Salmonella nucleic
acids in a test sample. A kit, for example, includes a primer or plurality of primers, probe or
plurality of probes, or combinations thereof, and optionally labeled, capable of producing and
detecting an amplification product in a test sample and, in certain embodiments, for determining
the quantity of Salmonella target sequence in the sample.

For oligonucleotide-based Kkits, the kit includes, for example: (1) an oligonucleotide
probe, optionally a detectably labeled oligonucleotide probe, which hybridizes to an
amplification product sequence of Salmonella and/or (2) a pair of primers (one forward and one
reverse, optionally labeled) useful for amplifying a target sequence containing at least a portion
the Salmonella sequence of interest. The kit can also include, e.g., a buffering agent, a
preservative, or a protein stabilizing agent. The kit can also include components necessary for
detecting the probe (e.g., a particle or other support). The kit can also contain a control sample or
a series of control samples that is assayed and compared to the test sample contained. Each
component of the kit is optionally enclosed within an individual container and all of the various
containers are usually enclosed within a single package along with instructions for use.

Inventive methods herein are amenable to use for diagnosis of Salmonella infection in a
subject capable of infection by or with Salmonella.

To increase confidence and to serve as an internal or external control, a purified solution

containing one or more Salmonella serotypes is used as a sample. By amplification of a single
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sample with known quantities of Salmonella or of a set of samples representing a titration of
Salmonella, the level of Salmonella in the unknown sample is determined. Optionally, the
purified and quantified Salmonella solution is analyzed in parallel with the unknown sample to
reduce inter assay error or to serve as a standard curve for quantitation of unknown Salmonella
in the sample. Using purified and quantified Salmonella solution provides for a similar complete

genetic base DNA strand for amplification.

EXAMPLES
Example 1: DNA Sequences

The sequences of the H antigens fliC and fI[jB utilized for assay design are from
McQuiston, J, et al., J Clin Microbiol, 2004; 42:1923-32. Additional sequencing of fliC and fIjB is
performed as described McQuiston, J, et al., J Bacteriol, 2008; 190:7060-7. All sequences were
submitted to GenBank under accession numbers HM141979 - HM142068.

Sequencing of the O antigen genes of the rfb gene cluster of O:13 are performed as described
by Fitzgerald, C. et al., J. Clin. Microbiol., 2007; 45: 3323-3334. Briefly, The Salmonella serogroup
O13 #fb region is amplified by PCR using the Expand Long PCR kit (Roche) according to the
manufacturer’s instructions. Oligonucleotide primers are used that correspond to the middle of the
JUMPstart sequence and the 5° end of gnd, as previously described by Li and Reeves, Microbiology,
2000; 146:2291-2307. Overall, both primer walking and subcloning were performed until the entire
sequence of the rfb region was obtained. Sequencing reactions were performed on a Perkin-Elmer
Applied Biosystems 377 automated DNA sequencer using the BigDye Terminator cycle sequencing
ready reaction mix according to the manufacturer’s instructions (Perkin-Elmer Applied Biosystems,

Foster City, CA).

Example 2: Primer and Probe Design and Evaluation

For the H antigens, alignment of closely related fliC and fIjB allele sequences and deduced
protein sequences identified conserved nucleotide substitutions or amino acid residues corresponding
to the antigen type. Similar procedures are performed for the rfb gene cluster (FIG. 1).

Probe and primer design were done using Visual OMP software (DNAsoftware Inc., Ann
Arbor, MI). The software was also used for experimental simulation to evaluate cross reactivity,
probe binding specificity and hairpin formation in silico. The sequences obtained for the H antigens
and the O antigen rfb gene sequences are used as source gene sequences.

The primers are optimized for positive signal intensity on the Bio-plex platform and adjusted

to produce amplification products that are between 90 bp to 420 bp long and typically from 122 bp to
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150 bp long. The H antigen probes were designed to a common DNA sequence for all antigens of
that type within the variable region of the coding sequence that was distinct from other antigen types.
Probe hybridization was evaluated at different temperatures (37°C, 52°C, 53°C), and the
fluorescence signal intensity and stringency of hybridization were found to be optimal at a
hybridization temperature of 52°C.

Probes with a median fluorescent intensity (P/N ratio > 6.0) when hybridized to the allele of
the respective antigen type and without cross reactivity to other closely related antigen types were
evaluated against panels of increasing genetic diversity. Each probe was first demonstrated to result
in a positive signal for five serotypes with like antigens and up to 16 serotypes which should be
negative but are genetically related. If successful in these preliminary evaluations, each probe was
tested against all serotypes of like antigens and genetically related antigens in the Top 100 serotypes.
If results of this panel were successful, the probe was added to the assay and was evaluated against
the panel of 500 isolates as a complete set of probes.

The primers and probes for the O-grp-1 targets are presented in Table 1. The primers and
probes for the O-grp-2 targets are presented in Table 4. The primers for the H-ag targets are
presented in Table 2.

For oligonucleotide probes directed to related alleles, several methods were employed to
increase specificity while maintaining high signal strength. To reduce cross reaction within a specific
region of a nucleic oligonucleotide probe, a thymine base was introduced within four bases of the
target substitution (e.g. H: 2; f; m/g,m; p; s; v; X; and z15). Locked nucleic acid (LNA) bases were
incorporated into two probes (e.g. H:2 and m/m,t) to increase the hybridization efficiency of the
probe.

The H-ag probes have average MFI values ranging from a low of 1,596 (H:x) to a high of
15,042 1 (H:v). The average signal strength of each probe from five isolates expressing the 2
immunologically defined antigens is reported in FIG. 2a. The corresponding average P/N ratio data
for each of the probes is shown in FIG. 2b. The average background signal in the probes for this
assay ranged from 46 to 148 on the high sensitivity setting of the Cal2 calibration of the L.uminex

instrument.

Example 3: Coupling Probes to Fluorescent Particles

DNA oligonucleotide probes of each group (O-grp-1, O-grp-2, H-ag, additional targets,
SE, and subspecies) were synthesized with a 5’ amino-linked carbon spacer arm. These were
coupled to the carboxylated microsphere polystyrene microspheres (Luminex, Austin, TX)
following the procedure described in Fitzgerald et.al., J. Clin. Microbiol., 2007; 45: 3323-3334.

In brief, 2.5x10° microspheres were carbodiimide coupled with 200 pmol of oligonucleotide
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probe using freshly prepared 30g/ml N-(3-dimethylaminodipropyl)-N-ethylcarbodiimide (EDC)
(Pierce Chemicals, IL). The mixtures were incubated twice for 30 minutes at room temperature
with 1 ul of freshly prepared EDC added at each 30 minute interval. Following coupling, the
microspheres were centrifuged for 1 minute at 9,000 x g and washed with 1.0 ml of 0.02%
Tween-20 (Sigma, St. Louis, MO), followed by a second wash with 0.5 ml of 0.1% sodium
dodecyl sulfate (Sigma, St. Louis, MO). The microspheres were then suspended in 50 pl of TE
buffer (0.01M Tris-EDTA, pH 8.0, Sigma, St. Louis, MO) and stored at 4°C in the dark.
Individual microspheres coupled to probes were stored in TE at a concentration of approximately
250 microspheres/ul. Labeled beads were pooled into appropriate microsphere sets

corresponding to the complement of antigens desired to be detected.

Example 4: Assay

A molecular serotyping assay is divided into two phases. The amplification phase
involves using PCR based techniques to increase the copy number of target and include a label.
A detection phase then involves hybridizing amplified target to probes and determining the
identity of the amplified target.

Isolates were obtained from the CDC collection. Isolates were grown overnight on
trypticase soy agar or in 1 ml Luria Broth (LB). DNA was extracted with Qiamp DNAeasy Kit
(Qiagen, Valencia, CA USA) or Instagene Matrix (BioRad, La Jolla, CA) following
manufacturer protocols, except that incubation times were reduced to 4 minutes at 55°C followed
by 4 minutes at 96-100°C. Genomic DNA preparations were quantified by spectrophotometry at
A260/280 and diluted to 200 ng per ml before use.

The amplification phase involves pooling primers (Table 1) that will amplify targets from
O-grp-1 for a first amplification reaction and pooling the primers that will amplify targets from
the H-ag (Table 2) for a second amplification reaction. Both the O-grp-1 amplification reaction
and H-ag amplification reaction are performed simultaneously under identical conditions. The
forward O-grp-1 primers and reverse H-ag primers are biotinylated at the 3’ ends. A five-fold
excess concentration of biotinylated primer is used relative to the unlabeled primer. PCR
amplification is performed in 25 pl volumes using a Hot Start PCR kit (Promega, Madison, WI)
according to the manufacturer’s instructions with the following parameters: initial denaturation
at 95°C for 15 min; then 30 cycles of 94°C for 30 s (denaturation), 48°C for 60 s (annealing),
and 72°C for 90 s (extension); and 72°C for 10 min (final extension). FIG. 3 is a schematic of

the parallel amplification reactions.
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The detection phase involves combining each set of PCR target amplicons with probe-
coupled particles. A schematic of the detection phase is illustrated in FIG. 4. Immediately
before use, 10 Wl of microsphere solution per probe (Example 3), corresponding to
approximately 2,500 coupled microspheres, were added to a final volume of 1 ml of 1.5x TMAC
buffer (1.5 M tetramethylammonium chloride, 75 mM Tris, 6 mM EDTA, and 0.15% Sarkosyl
[pH 8.0]). 33 ul of this particle mix was added to 5 pul of each group of PCR product
(amplification phase) and 12 pl of TE buffer (Tris-EDTA pH 8.0) (Sigma-Aldrich, St. Louis,
MO) in a low profile 96-well plate (BioRad, Hercules CA). This was mixed and incubated first
at 94°C for 5 minutes for DNA denaturation, followed by 30 minutes at 52°C to allow
hybridization of the probes to the target amplicons. Following the hybridization reaction, the 96-
well plate containing the samples was moved to the brass heating plate in the BioPlex instrument
preheated to 52°C. 75 ul of detection buffer (R-phycoerythrin-conjugated streptavidin (SAPE)
(Invitrogen, Bethesda, MD) diluted to 4 g/ml in 1x TMAC was mixed directly into the
hybridization reaction. Samples were incubated for 10 minutes at 52°C in the analyzer and then
read by the BioPlex instrument (BioRad, Hercules, CA). The median fluorescence intensity
(MF)) for each bead set was calculated automatically by the Bio-Plex software. A positive signal
was defined as an MFI giving greater than 6 times the background fluorescence intensity for
each bead-probe set. Machine-to-machine and run-to-run variation was normalized by
calculating the ratio of the sample MFI to the negative control (P/N). Acceptable signal strength
for each probe was approximately 1,000 with a relative background on high calibration setting of
approximately 100 (P/N of 10). An arbitrary cutoff ratio of 6 times the background was
established to score a particular isolate as positive or negative with each O-group-specific
capture probe microsphere set.

For O-grp-1, an exemplary raw and ratio data averaged for five isolates for each O-group
microsphere bead set are shown in FIG. 5. FIG. 5A illustrates raw MFI data illustrating specific
detection of O-grp-1 serotype included in the isolate. FIG. 5B illustrates the ratio of positives to
negative control for these isolates. For H-ag, FIG. 6A illustrates raw MFI data illustrating
specific detection of H-antigens indicative of serotype included in the isolate, and FIG. 6B
illustrates the ratio of positives to negative control for these isolates. These data illustrate the
specific detection and serotyping capabilities of the assay.

To determine the usefulness of the assay using unknown clinical isolates, 500 clinical
isolates were evaluated in parallel with traditional serotyping methods. For the isolates, an O

group could be determined by traditional methods, and the traditional and molecular methods
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identify the same O group for 94%; 6% of isolates possess an O group not detected in the assay.
One exemplary serotype is illustrated in FIG. 7A which reveals an O-grp C1. A small number
of isolates are designated “rough” by traditional serotyping, indicating that they did not express
O antigen. Most isolates gave positive results for one of the serogroups covered in the assay.
However, after combining the results with the H-ag targets each of these are successfully
serotyped.

For the H-ag, the molecular serotyping results matched traditional H-antigen serotype
completely for 415 (83%) of the isolates. Forty seven isolates (9.4%) possessed an antigen that was
not detected in the assay. In all instances, the partial serotype determined for that isolate matched that
of traditional serotyping. Twenty-seven isolates (5.4%) had no reaction with the probes as expected
based on traditional serotyping, resulting in a partial serotype by H-ag molecular methods. At least
some of these (e.g., lack of reactivity with H:5 or H:t probe) were known to be caused by allelic
diversity.

When the results from the O-grp-1 and H-ag are combined, approximately 98% of the
1solates are successfully serotyped. FIG. 7B illustrates the H-ag results of the same isolate as FIG.
7A. Combining these results yields a serotype formula of 6,7:y:1,5 which reveals that this isolate is
K-W serotype Bareilly.

Overall detection results of the 100 most common serotypes are illustrated in FIG. 8. The
frequency of each of the H-ag antigens in the clinical isolates are illustrated in FIG. 9.

A small number of isolates are negative for O-grp-1 and H-ag targets analyzed. To determine
whether a Salmonella serotype is present in these isolates, the above amplification and detection
procedures are repeated with particle-bound probes and primers of O-grp-2 (Table 4) and additional
targets (Table 3). Use of the O-grp-2 and additional targets probes and primers successfully identify

several previously negative 1solates.

Example 5: SE assay:

The probes specific for serotyping of Salmonella ser. Enteritidis in a sample as listed in
Table 5 are coupled to particles as described in Example 3. Primers of Table 5 are used in an
amplification reaction as described in Example 4 with a biotinylated reverse primer set.
Genomic DNA from 25 poultry industry samples (broth cultures or washes) is prepared and used
as template in an amplification phase. The resulting amplification products are then hybridized
to the probe-coupled particles and analyzed as in Example 4. Eleven of the samples reveal a

positive result for Salmonella ser. Enteritidis. The negative samples are then tested by the
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procedures of Example 4. Several of the remaining 14 isolates are successfully serotyped as

other than Enteritidis by these procedures.

Example 6: Species and subspecies determination:

The procedures of Example 4 are repeated using an assay for Salmonella species and
subspecies identification. The probes of Table 6 are coupled with particles as per Example 3. An
amplification reaction using the 500 clinical isolates is performed using the primers of Table 6
with the reverse primer biotinylated. Following the detection phase, the subspecies of each of

the clinical isolates is successfully determined.

Example 7: Diagnosis of infection in human subjects.

A rapid method for early detection of Salmonella ser. Enteritidis infection is performed
as a stand alone assay. The probes specific for serotyping of Salmonella ser. Enteritidis in a
sample as listed in Table 5 are coupled to particles as described in Example 3. Primers of Table
5 are used in an amplification reaction as described in Example 4 with a biotinylated reverse
primer set. Whole blood from 25 human subjects with a believed infection or a control are used
as a source for preparation of DNA to serve as a template in an amplification phase. The
resulting amplification products are then hybridized to probe-coupled particles using the probes
of Table 5 and analyzed as in Example 4. One of the samples reveals a positive result for

Salmonella ser. Enteritidis infection diagnosing infection in the subject.

Example 8: Diagnosis of infection in human subjects.

A rapid method for early detection of Salmonella infection is performed as a standalone
assay. The probes as listed in Table 6 are coupled to particles as described in Example 3.
Primers of Table 6 are used in an amplification reaction as described in Example 4 with a
biotinylated reverse primer set. Stool samples from 25 human subjects with a believed infection
or a control are used as a source for preparation of DNA to serve as a template in an
amplification phase. The resulting amplification products are then hybridized to probe-coupled
particles using the probes of Table 6 and analyzed as in Example 4. One of the samples reveals a

positive result for Salmonella enterica subspecies I infection diagnosing infection in the subject.
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Methods involving conventional biological techniques are described herein. Such
techniques are generally known in the art and are described in detail in methodology treatises
such as Molecular Cloning: A Laboratory Manual, 3rd ed., vol. 1-3, ed. Sambrook et al., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001; Current Protocols in
Molecular Biology, ed. Ausubel et al., Greene Publishing and Wiley-Interscience, New York,
1992 (with periodic updates); and Short Protocols in Molecular Biology, ed. Ausubel et al., 52
ed., Wiley-Interscience, New York, 2002. Immunological methods (e.g., preparation of antigen-
specific antibodies, immunoprecipitation, and immunoblotting) are described, e.g., in Current
Protocols in Immunology, ed. Coligan et al., John Wiley & Sons, New York, 1991; and Methods
of Immunological Analysis, ed. Masseyeff et al., John Wiley & Sons, New York, 1992.

Additional protocols such as PCR Protocols can be found in “A Guide to Methods and
Applications” Academic Press, NY.

Various modifications of the present invention, in addition to those shown and described
herein, will be apparent to those skilled in the art of the above description. Such modifications
are also intended to fall within the scope of the appended claims.

It is appreciated that all reagents are obtainable by sources known in the art unless
otherwise specified.

Patents and publications mentioned in the specification are indicative of the levels of
those skilled in the art to which the invention pertains. These patents and publications are
incorporated herein by reference to the same extent as if each individual application or
publication was specifically and individually incorporated herein by reference.

The foregoing description is illustrative of particular embodiments of the invention, but is
not meant to be a limitation upon the practice thereof. The following claims, including all

equivalents thereof, are intended to define the scope of the invention.
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CLAIMS

1. A process of serotyping Salmonella in a sample comprising:

performing a first stage assay by adding to a first portion of said sample one or more first
stage O-grp-1 primer sets operable to produce an O-grp-1 amplification product of O-grp-1
target sequence;

adding to a second portion of said sample one or more first stage H-ag primer sets
operable to produce an H-ag amplification product of H-ag target sequence;

each of said first stage primer sets comprising a forward primer that hybridizes to a
region flanking a respective target sequence under conditions suitable for a polymerase chain
reaction, and a reverse primer that hybridizes to a different region of the target sequence under
conditions suitable for a polymerase chain reaction; and

detecting the presence or absence of each of said amplification products by hybridization
to a labeled probe specific to said O-grp-1 amplification product or said H-ag amplification
product, or both a labeled probe specific to said O-grp-1 amplification product and a labeled

probe specific to said H-ag amplification product.

2. The process of claim 1 further comprising: performing a second stage assay by
adding to a third portion of said sample one or more second stage primer sets operable to
produce a second stage amplification product of second stage target sequence;

said second stage target sequence selected from the group comprising one or more O-grp-
2 target sequences, one or more SE target sequences, one or more additional target sequences,
one or more species or subspecies specific target sequences, or combinations thereof;

said second stage primer set comprising a forward primer that hybridizes to a region
flanking a second stage target sequence under conditions suitable for a polymerase chain
reaction, and a reverse primer that hybridizes to a different region of said second stage target
sequence under conditions suitable for a polymerase chain reaction;

detecting the presence of or absence of said second stage amplification product by

hybridization of a probe specific to said second stage amplification product.

3. The process of claims 1 or 2 wherein said first portion of said sample and said

second portion of said sample are the same portion.
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4. The process of claims 1 or 2 wherein said first portion of said sample, said second

portion of said sample, and said third portion of said sample are the same portion.

5. The process of claims 1 or 2 further comprising determining the identity of said
O-grp-1 amplification product by identification of said probe specific to said detected O-grp-1

amplification product.

6. The process of claims 1 or 2 further comprising determining the identity of said
H-ag amplification product by identification of said probe specific to said detected H-ag

amplification product.

7. The process of claims 1 or 2 wherein at least one of said forward primers
comprises the nucleotide sequence of any one or more of SEQ ID NOs: 1, 2, 3, 4, 5, 6, 22, 23,
24,25, 26, 27, 28, 29, 30, 83, 84, 85, 92, 93, 94, 95, 96, 107, 109, 111, 113, or 115.

8. The process of claims 1 or 2 wherein at least one of said reverse primers
comprises the nucleotide sequence of any one or more of SEQ ID NOs: 7, 8,9, 10, 11, 12, 13,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, or 41.

9. The process of claims 1 or 2 wherein at least one of said probes comprises the
nucleotide sequence of any one or more of SEQ ID NOs: 14, 15, 16, 17, 18, 19, 20, 21, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71,72,73,74,75,76,717,78,79, 80, 81, or 82.

10. The process of claim 2 wherein at least one of said second stage forward primer
comprises the nucleotide sequence of any one or more of SEQ ID NOs: 83, 84, 85, 92, 93, 94,
95, 96, 107, 109, 111, 113, or 115.

11. The process of claim 2 wherein at least one of said second stage reverse primers
comprises the nucleotide sequence of any one or more of SEQ ID NOs: 86, 87, 88, 97, 98, 99,
100, 101, 108, 110, 112, 114, or 116.
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12. The process of claim 2 wherein at least one of said second stage probes comprises
the nucleotide sequence of any one or more of SEQ ID NOs: 89, 90, 91, 102, 103, 104, 105, 106,
117,118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, or 130.

13. The process of claims 1 or 2 wherein said detecting diagnoses Salmonella

infection in a subject.

14. The process of claim 2 wherein said second stage target sequence is one or more

additional target sequences, and said detecting diagnoses Salmonella infection in a subject.

15. The process of claim 1 wherein said first stage O-grp-1 primer sets comprise

primers of SEQ IDNOs: 1,2,3,4,5,6,7,8,9, 10, 11, 12, and 13.

16. The process of claim 1 wherein said first stage H-ag primer sets comprise primers
22,23, 24, 25, 26, 27, 28, 29, 30, 83, 84, 85, 92, 93, 94, 95, 96, 107, 109, 111, 113, 115, 31, 32,
33, 34, 35, 36, 37, 38, 39, 40, and 41.

17. The process of claim 1 wherein said labeled probe is a plurality of labeled probes
comprising the sequences of SEQ ID NOs: 14, 15, 16, 17, 18, 19, 20, 21, 42, 43, 44, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73,
74,75,76,77,78, 79, 80, 81, and §2.

18. The process of claims 1 or 2 wherein said first stage O-grp-1 primer sets comprise
primers of SEQ ID NOs: 1,2,3,4,5,6,7,8,9, 10, 11, 12, and 13;

said first stage H-ag primer sets comprise primers 22, 23, 24, 25, 26, 27, 28, 29, 30, 83,
84, 85, 92,93, 94, 95, 96, 107, 109, 111, 113, 115, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, and 41;
and

said labeled probe is a plurality of labeled probes comprising the sequences of SEQ ID
NOs: 14, 15, 16, 17, 18, 19, 20, 21, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,73, 74,75,76,77,78,79, 80, 81, and 82.

19. The process of claim 18 wherein said second stage target sequence is one or more

additional target sequences and said second stage primer sets comprise the sequences of SEQ ID
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NOs. 83, 84, 85, 86, 87, and 88, and said probe specific to said second stage amplification
produce has a sequence is a plurality of probes wherein one or more has the sequence of SEQ ID

NOs. 89, 90, 91, or 92.

20. A process of specifically identifying Salmonella ser. Enteritidis in a sample
comprising:

performing a first stage assay by adding to said sample a plurality of SE primer sets
operable to produce amplification products of SE target sequences, said primer sets each
comprising a forward primer that hybridizes to a region flanking a target sequence under
conditions suitable for a polymerase chain reaction, and a reverse primer that hybridizes to a
different region of the corresponding target sequence under conditions suitable for a polymerase
chain reaction, wherein each target sequence is a portion of a Salmonella gene;

detecting the presence of or absence of each of said amplification products by

hybridization of a probe specific to said detected amplification product.

21. The process of claim 20 wherein said probe is comprises the sequence of at least

one of SEQ ID NOs: 117, 118, 119, 120, 121, 122, or 123.

22. The process of claim 20 wherein at least one of said forward primers comprises

the sequence of any of SED ID NOs: 107, 109, 111, 113, or 115.

23. The process of claim 20 wherein at least one of said reverse primers has the

sequence of at least one of SED ID NOs: 108, 110, 112, 114, or 116.

24. A kit for serotyping Salmonella in a sample comprising:
a plurality of O-grp-1 primers,

a plurality of H-ag primers,

a plurality of O-grp-1 probes, and

a plurality of H-ag probes.

25. The kit of claim 24 wherein
said O-grp-1 primers comprise at least one of those of Table 1;

said H-ag primers comprise at least one of those of Table 2;
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said O-grp-1 probes comprise at least one of those of Table 1; or

said H-ag probes comprise at least one of those of Table 2.

26. A library of isolated nucleic acid primers and probes for serotyping Salmonella in
a sample comprising:
two or more isolated nucleic acid sequences with at least one of said sequences having

the sequence of any of SEQ ID NOs: 1-130.

27. The process of any of claims 1, 2, or 20 wherein said detecting is by flow
cytometry, gel electrophoresis, Southern blotting, liquid chromatography, liquid
chromatography/mass spectrometry, mass spectrometry, static fluorescence, dynamic
fluorescence, high performance liquid chromatography, ultra-high performance liquid
chromatography, enzyme-linked immunoadsorbent assay, real-time PCR, nucleotide sequencing,

or combinations thereof.

28. An isolated nucleotide sequence comprising one of the sequences selected from

the group of SEQ ID NOs: 1-130.
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