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Abstract. Classical Sa/moneifa sero-typing is an expensive and time consuming process that requires
implementing a battery of O and H antisera to detect 2541 different Safmonelfa enterica serovars. During this
study a rapid multiplex Polymerase Chain Reaction (PCR) scheme was developed to screen for the prevalent
Salmonella enferica serovar Enteritidis and Typhimurium. By analyzing the/ nycleotide sequences of the
genes for O-antigen biosynthesis including wha operon and the central variable Pegions of the H1 and H2
flagellin genes in Salmonella, designated PCR primers for two multiplex PCR p¢ R were used to detect
and differentiate Sa/monefia serogroups A/D1, B, C1, C2, or E1; H1 antigen fn, r or z,; and H2
antigen complexes, |: 1,2;1,5;1,6; 1,7 or ll: , n, x; e,n,z;5. Through the de * S i. X geantigen gene allele
combinations, the study was able to distinguish among Salmonellerf sefovars Enferitidis and
Typhimurium. The assays were useful in identifying Saimonelia hi 3 'd H antigen gene alleles
na

representing ten distinct serovars. While the H2 multiplex could djg bétween unrelated H2 antigens,

the PCR could not discern differences within the antigen co <- 5, 1%; 1,5; 1,6; 1,7 or g, n, X; ,n,zZ,3,

requiring a final confirmatory PCR test in the final serovar reportthg of\ Safifionella enterica.
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INTRODUCTION meptly 2,541 Salmonella enterica serovars recognized
Epidemiological measures have been im@@mentgd, t d on antigenic differences in the
reduce the source(s) of infection. Because foog popolysaccharide (LPS) O-antigen and phase 1 (H1)
are recognized as important reservoirs of and phase 2 (H2) flagellar antigens, Salmonella

(Henson, 1997; Lynch et al., 2006); TheAJAq S Surveillance Annual Summary (2005). Saimoneifa can
@ be further separated into monophasic and biphasic

based on whether they express only one (H1) or both
flagellar antigens (H1 and H2). The antigenic formula
4512 (O): | (H1): 1,2 (H2) is the biphasic Salmonella
enterica serovar Typhimurium and 1,9,12 (O):.g,m (H1):-

Although (ho H2) identifies the monophasic Sa/monella enterica
successful, serovar Enteritidis. Worldwide, two serovars, Enferitidis
contaminatior’ma ‘ and Typhimurium are responsible for 79% of reported
strategy to the farm\gns cases of salmonellosis, (WHO Global Saimonelia

may be to mitigate thqsa Survey, Progress Report, 2003). Salmonella serotyping
most frequently associgie is based on the identification of the variable O and H
Producers may also need to accurately identify the antigens. Because the antigenic composition of the O,
source of Salmonelfa within a specific setting, in order to H1 and H2 antigens are a reflection of their unigue DNA
identify the points where an intervention (Sanchez ef al, sequence alleles; (Joys, 1985; Samuel and Reeves,
2002) may be effective. Such an approach would require 2003). PCR and similar nucleotide-based methods have
knowing whether these serovars are present on the made it possible to accelerate the identification of
farm. Also, determining the appropriate Salmoneila serotypes based upon the identification of unique genes
enterica serovar is a necessary first step in any or gene arrangements (Curd ef al, 1998; Maurer et af.
epidemiological investigation of foodborne outbreaks; (1999).

followed then by strain typing, using molecular based

methods including Pulsed-field Gel Electrophoresis  MATERIALS AND METHODS

(PFGE) (Gerner-Smidt ef af., 2006) or amplified fragment Bacterial strains: The Salmonelffa enterica isolates
length polymorphism that is needed to match patient used in this study were from human, poultry, livestock
strain to source (Lindstedt ef a/, 2000). There are and wildlife Beltran et al. (1991); Swamy ef al. (1996)
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and serotyped by the MNational Veterinary Service
Laboratory using classical methods (Table 2). The
isolates were used to test the specificity of PCRs
specific for O, H1 and H2 alleles. Additional Salmonella
isolates of unknown serovars were obtained from some
poultry farms in Alabama (Liu ef af, 2002). The
commercial chicken broiler house environment and
chicken carcasses were sampled for Saimonefia.
Serotyping was done using standard serological typing
procedures for Safmonefla O, H1 and H2 antigens.

PCR primer design: From comparative analysis of the
wha operon for Salmonefla serogroups A/D1, B, C1, C2
and E1 (Brown ef al., 1992; Verma and Reeves, 1989),
serogroup-specific gene (s) (National Center for
Biotechnology Information (NCBI) were identified for
PCR primer design. Similarly, an alignment within the
central variable region (Joys, 1985; Vanegas and Joys,
1995), of fliC (H1) and flB (H2) alleles were identified,
using the DNA analysis software AlignPlus® version 3.0
(Scientific and Educational Software), candidate
sequences to differentiate Salmonella with the H1
flagellin antigens |, g,m, r, z,; and the H2 flagellin antigen
complexes 1,2, 1,5, 1,6, 1,7 and e,nx, e,n,z; alleles.
These gene sequences were analyzed, using the
GeneRunner® DNA analysis software and identified
suitable primer sets that were compatible in a single
multiplex PCR reaction and designed to produce an
amplicon with size unique for the sequence (s) targ

by a specific primer set, (Table 1). O

Multiplex allelotyping PCR for Salmonelfa O,
antigen genes and differentiating S. entesfea se

d

using smart cycler PCR

concentration of 1. I
mg/ml| bovine %
deoxynucleotid 3 i DMNA polymerase and

late. The PR was performed with
‘Aquilla et al, 1991). The
program parameters fo R include an initial five min
incubation at 85°C, to Miix the two PCR reaction mixes,
followed by 30 cycles of denaturation (94°C for 5 min),
annealing (55°C for 1 min) and extension (72°C for 1
min). Amplicons were separated on 1.5% agarose gel
with Tris-acetate-EDTA buffer {(Sambrook et al, 1989)
and ethidium bromide (0.2 ug/mly at 100 V. The 100-bp
ladder was used as a Molecular Weight (MW) standard
for determining the MWW of the PCR products. Various
Salmoneifa enterica serovars belonging to serogroups
A/D1, B, C1, C2, E1 were used in the PCR to test the
specificity of the primer sets.

The H1-1 multiplex PCR was used to identify isolates
with antigens | or g, m; while the H1-2 multiplex PCR

was designed to detect isclates with antigens r or z,,.
Finally, the H2 multiplex PCR was created to differentiate
isolates with either H2 antigen complexes 1,2; 1,5; 1,6;
1,7; or e,;nx; e,n,z;;. In order to identify the H1 and H2
alleles, capillary PCR reaction was performed to amplify
the alleles of fliC and fljB by three multiplex PCRs with
the Rapidycler™ hot-air thermocycler (\Wittwer ef al,
1989) in 10-pl capacity capillary tubes. The 10-ul PCR
mix for the fliC | and g,m multiplex consisted of 2.0 miv
MgCl,, 50 mM Tris (pH 8.3), 0.25 mg/ml bovine serum
albumin, 05 pM of each primer, 0.2 mM
deoxynucleotides, 5% DMSO, 1.0 units of Tag DNA
polymerase and 1 pl whole cell template. For fliC r and
z,; multiplex, 3.0 mM MgCl, and 1.0 pM of each primer
were used for each reaction. For the amplification of the
H2 alleles, the fljB muftiplex consisted of 3.75 mM MgCl,,
62.5 mM Tris, pH

albumin, 0.5 pM

deoxynucleotides, 59
polymerase ang

primer, 0.2 mM
p.0 units of Tag DNA

itial heating step of 94°C for 1
for 1 sec and 72°C for 20 sec

e control.

ESULTS AND DISCUSSION
PCR differentiation of Salmonella enterica serovars
Enteritidis and Typhimurium: Multiplex PCRs targeted
to the O, H1 and H2 alleles associated with two
Salmonella  enterica  serovars  Enferitidis  and
Typhimurium. Specific PCR primers to identify specific
Salmonella serogroups, H1 and H2 alleles were
designed based on the divergence of the glycosyl
synthase genes, the unique linkage between two genes
for a specific O-antigen of Salmonelfia, or allele-specific
sequences within the hypervariable region of H1 and H2
antigen genes. In the primer design, a unique amplicon
size was selected in order to facilitate development of a
multiplex PCR (Table 1). The abilities of the multiplex
PCR to identify the serogroups correctly was evaluated
for 200 Salmeneffa isolates representing ten different
serotypes which belonged to one of the six major
serogroups, A, B, C1, C2, D1 and E1. With the exception
of serogroups A and D1, which produce the same size
amplicons (Kappa = 0.98), the multiplex PCR accurately
distinguished salmoneffae belonging to serogroups B,
C1, C2 and E1 (Kappa = 1.00) (Table 2). The inability to
distinguish serogroups A and D1 is due to the high
degree of nuclectide sequence homology between the
prt (paratose synthase) genes (Verma and Reeves,
1989). The fliC multiplex PCRs successfully detected
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Table 1: Primers used for multiplex PCR to detect and differentiate Salmonella enterica serovars

Expected
-------------- Target gene--—---—---- --—-—--—-—--—-Nucleotide sequencg----—--—--—------—mm—- Size (bp)
O-antigen multiplex abe, (B) Forward GGCTTCCGGCTTTATTGG 561
Reverse TCTCTTATCTGTTCGCCTGTTG
wbaD-manC (C1) Forward ATTTGCCCAGTTCGGTTTG 34
Reverse CCATAACCGACTTCCATTTCC
abe; (C2) Forward CGTCCTATAACCGAGCCAAC 397
Reverse CTGCTTTATCCCTCTCACCG
prt (A/D1) Forward ATGGGAGCGTTTGGGTTC 624
Reverse CGCCTCTCCACTACCAACTTC
wzx —wzy (E1) Forward GATAGCAACGTTCGGAAATTC 281
Reverse CCCAATAGCAATAAACCAAGC
H1-1 multiplex fliC (1) Forward AACGAAATCAACAACAACCTGC 508
Reverse TAGCCATCTTTACCAGTTCCC
fliC (g,m) Forward GCAGCAGCACCGGATAAAG 309
Reverse CATTAACATCCGT)
H1-2 multiplex fliC (r) Forward CCTGCTATTACTGE{ S 169
Reverse GTTGAAGGGAAGC!
fliC (zi) Forward GCACTGGCGTTA !{ 363
Reverse GCATCAGCAATACTA 5
H2 multiplex fliB(: 1,2; 1,5; 1,6; 1,7) Forward AGAAAGCG % 294
Reverse ATTGTGG GEL
fliB {Il: e,n X; &,n,2y5) Forward TAACTRG TAC GACTG 152
Reverse TA%%CG CAGCC
'Indicates the unique genes or the junctions between the two genes use desig@g priwers. () = antigen (s) detected.
Table 2: Comparison of multiplex PCR to serotyping for identifying SaImor;eQéGéﬂgles
PCR
Antigenic Formula O muliple; lig,m [¢72 multiplex PCR
S. enterica (AN Y multiplex multiplex -
0 H1 H2 Serovars (% (CBI //\G;\)JJ D1 E1 PCR PCR 1,2 enx
A a 1,5 Paratyphi A 0 0 M"’ 1 0 0 0 0 0 1 0
B b 1,2 Paratyphi B 0 0 0 0 0 0 1 0
B | 1,2 Typhimurium o] o] o] 74 o] 0 o] 74 74
B r 1,2 Heidelberg o] o] o] 0 o] 24 o] 24 0
B 4 1,7 Indiana o] o] o] 0 o] 0 o] 2 0
c1 c 1,5 Paratyp - 8] 8] 8] 0 8] 0 8] 1 0
c1 r 1,5 0 0 0 0 0 2 0 2 0
c2 | Z;s 0 0 24 0 0 24 0 0 0 0 0
c2 24 e,n, 0 0 10 0 0 0 0 0 10 0 10
D1 g,m k 0 0 0 20 0 0 20 0 0 0 0
D1 - i * 0 0 0 4 0 0 4 0 0 0 0
E1 eh 1, Muenster 0 0 0 0 2 0 0 0 0 2 0
Table 3: Allelotyping PCWentiﬂcaﬁon of Saimonella enterica serovars Enteriticis and Typhimuritim
O-multiplex H1-r=éﬁltiplexes M H2-multiplex Serovars Sensitivity Specificity
B | 12 Typhimurium 1.00 1.00
A/D1 g.m @ Enterttidis 1.00 0.96

Dldentifies H1 alleles I; g,m; r; or 2,5, ¥ Covers H2 alleles 1,2; 1,5; 1,6 and 1,7, ¥ PCR negative for H2-multiplex.

the H1, I, r, or z10, alleles and no amplicons were
produced for serovars with other H1, flagellins (Kappa =
1.00), (Table 2). However, the fliC g,m primer set
produced the same size amplicon only for salmonellae
that possessed both the g and m, or g alone, or either
epitope, g or m, in combination with other serotype-
specific epitopes, or non-motile salmonellae that
possess the fliC g,m allele Li ef al. (1993) and therefore
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it did not have the specificity of the other H1 primer sets
(Kappa = 0.58 vs. 1.00) (Table 2). To complement our
PCR-based H allelotyping, a fliB multiplex PCR was
designed to detect the H2 antigen alleles by targeting
conserved regions within fljB alleles encoding the
antigen complexes |: 1,2; 1,5, 1,6, 1,7 or ll: e,nx; &,n,z15
and producing unique size amplicons, Table 1. The
expected size amplicons were produced for only those
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Salmonella enterica serovars belonging to H2 antigen
complexes |: 1,2; 1,5; 1,6: 1,7 and. Il: e,n,x; &,n,z15. The
H2 multiplex PCR however could not distinguish H2 1,2
allele (Kappa = 0.75) or e,n,x (Kappa = 0.54) among the
different H2 alleles within each antigen complex;
indistinguishable amplicons were produced for
Salmoneffa isolates bearing 1,2 vs 1,5; 1,6; or 1,7 (Table
2).

Comparison of multiplex PCR allelotyping of O, H1 and
H2 genes with conventional serotyping in
differentiating S. enterica serovars Enteritidis and
Typhimurium. Validation of the allelotyping method is
important for its integration with conventional Safmonefia
culture and typing methods used in diagnostic and food
microbiology (Herrera-Leon ef a/., 2007). Therefore the
allelotyping multiplex PCR was assessed against the
standard conventional Saimonefia serotyping method in
identifying Safmoneifa O, H1 and H2 antigens for ten
different serovars of salmonellae isolated mainly from
chicken carcasses and poultry environments (Tables 2
and 3).

An initial multiplex PCR is performed to determine which
O antigen allele that an isolate possesses and a
serogroup designation is given or unknown, based on
PCR results. If the isolate possesses O alleles for
serogroups B, C2, or A/D1, then a 2™ allelotyping PCR is
done to determine the presence of H2 alleles: |; g,m+
or z,,. Based on the results of this 2™ allelgtyping

allelotyping PCR is periogmed t¢ ur
isolate to serovar level. Ihes i
to detect serogroups

as the antigef
defines the identifing monophasic
rs by including a generic
Saimoneiifa fliB (H2) PCiRAest (Dauga ef a/., 1998). The
limitations with our mdltiplex PCR are that it cannot
distinguish among serogroup/serovar variants that arise
due to phage conversion and the resulting
chemicalfantigenic alteration of the somatic O antigen
(Salmonefla Surveillance Annual Summary, 2005) or
subtle point mutations in H2 antigen gene, fljB
responsible for loss of flagellar expression chserved in
some S, enterica serovar Typhimurium strains
(Zamperini ef a/., 2007). Also, the allelotyping primers for
H1 g,m allele identifies those H1 alleles bearing g or m
in any possible combination, Table 2, therefore H1
multiplex would not be able to discern serogroup D1, S.
enterica serovars Enteritidis [H1: g,m] [g.m,q].
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