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Rapid Detection of Virulent Salmonella Strains Using Multiplex PCR
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Abstract: This study aims to establish a rapid and sensitive multiplex PCR Method for Salmonella detection and
the differentiation of virulent strams. Four sets of primers that target hisJ, spvR and fliC were designed and the
PCR reaction conditions were then optimized. Based on the detection of reference Salmonella strains and other
reference bacterial genera, the PCR Method was able to detect his], spvR, fliC-c and fliC-i in Salmonella. The
minimum detectable DNA concentration of the method 15 100 pg. The results using the reference strans were
consistent with previous research. In addition, this method can also be used m 1dentifying S. typhimurium and
S. arizona. Researchers successfully developed a convenient and useful multiplex PCR Method for detecting

Salmonella and monitoring virulent strains.
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INTRODUCTION

The genus Salmonella is one of the most common
causes of food-borne illness worldwide. Salmonella,
especially the highly pathogenmc strains such as
S. enteritidis and S. typhimurium, pose a serious threat to
both humans and animals. Salmonella strains are divided
mto 58 groups based on the O antigen. Virulent stramns
usually belong to groups A-F. The H antigen, an
unportant virulence factor is a flagellum antigen. The
Salmonella H antigen consists of an H1 phase and an H2
phase. Together with the O and H antigens, Salmonella
could be divided mto different serotypes. About =2500
Salmonella serotypes have been identified through O and
H antigen agglutination tests (Akiba et al., 2011).

Salmonella strains with virulence plasmids show at
least a hundred fold stronger pathogemicity than
Salmonella strains without these plasmids. Earlier
research found that S. typhimuriuum, S. abortusovis,
S. choleraesuis, S. enteritidis, S. dublin, S. pullorum,
S. gallinarum, S. arizona and S. typhi have virulence
plasmid (Takeshi er af, 2001, Bessa et al, 2007,
Liuetal, 2011). The virulence plasmid genes spvR, spvA,
spvB, spvC and spvlD) encode the virulence elements of
highly pathogenic Salmonella in a highly conserved 10 kb
area and spv gene especially spvR gene which can be
used as a marker for identifying highly pathogenic
Salmonella strains (Libby et al., 1997, 2002; Takeshi et al.,
2001; Huang ef al., 2005, Bessa et al., 2007, L ef al,,
2006). The hisJ, the histidine transport operon gene 1s

usually used to differentiate Salmonella from other
bacterial genera (Cohen af al., 1994; Liu et al., 2011). In
addition, fliC, the phase 1 flagellar antigen gene is
generally used to identify the HI antigen types of
Salmonella (Kilger and Gnimont, 1993; Dauga et al., 1998;
Tamshidi et af., 2010; Liu et al., 2011).

Multiplex Polymerase Cham Reaction (PCR)
which simultaneously diagnoses different genes has
incomparable advantages over common PCR. Multiplex
PCR has been used to detect different pathogens,
particularly those that are hard to separate or cultivate
(Liu et al., 2011). This research establishes a multiplex
PCR Method to diagnose virulent Salmonella rapidly
using the kisJ, fliC and spvR genes. The method can be
used to detect pathogenic Salmonella strains in food,
water and the environment and it can be used to
wdentify S. typhimurium and S. arizona.

MATERIALS AND METHODS

Bacterial strains and culture conditions: The data of the
reference Salmonella bacteria strains and other genus
bacteria strains were shown in Table 1 and 2, respectively.
The bacteria were recovered in LB medium and culture in
37°C. The bacteria in logarithmic phase were used to
extract DNA (Salehi et al., 2011; Huet al., 2011).

DNA extraction: Bacterial DNA was extracted as follows.
Briefly, 1 mL of each bacterial fluid was poured into EP
tubes and centrifuged at 8,000 rpm for 5 min The
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Table 1: The characters of common Salmonella serotypes

Salmonella Groups 0 antigen HI1 H2 Vinilence plasmid Reference
S. paratyphi A A 1,2,12 a (1,5
S. typhimurium B 1,4, (5,12 i 1,2 + This research
S. abortusovis B 4,12 c 1,6 +
S. typhisuis cl 6,7 ¢ 1,5
S. choleraesuis C1 6,7 c 1,5 + This research
S newport c2 6, 8 e h 1,2
S. kentucky C3 8, 20 i z6 -
S typhi D1 9,12, (vi) d - + This research
S. enteritidis D1 1,912 g, m 1,7 + This research
S. dublin D1 1,9, 12, (vi) e.p - + This research
S. pullorum D1 9 12 - - + This research
S gallinarum D1 1,9, 12 +
S. anatum El 3,10 e h 1,6
S, newington E2 3,15 e h 1,6
S senflenberg E4 1, 3,19 g, (s),t -
S. aberdeen F 11 i 1,2 This research
S. worthington G2 1, 13,23 I, w
S, arizona G2 61 1,5, 7:(z5T) + This research
(): Positive or negative; +: Positive; -: Negative
Table 2: The characters of 8almoenlla and non-Salmonella in this study (a)

. . . . . r T T T T 1
Bacterl.a : his]  {liC-c {liC-i  spvR Source 0 200 bp 400 bp 600 bp 800 bp 1000 bp
S. typhimurium + - + + CVCC-42/85 T
8. choleraesuis + + + CVCC-50019
S. typhi + - + CVCC-50180 4
S, enteritichs + - +  CVCC-CT9-52 ®
S dublin + - + CVCC-50104 A
S. pullorum + - - + CVCC-50047 T
S. aberdeen + - + - CVCC-50107
S. arizona - - t o CVCCATO0L  Fig 1: The primer design for fliC-¢ and fliC-1 of
Escherichia coli ) ) ) ATCC-25922 Salmonalla; a) The primer design for fliC-c of
Enterococeus faecalis - - . - ATCC-29212 ; P lesign I - o
Staphyiocoecus aureus - - . - ATCC-29213 Salmonella (623 bp); b) The primer design for fliC-i
Shigella flexneri - - - - ATCC-12022 of Salmonella (537 bp). The fliC-¢ and fliC-1 of
Streptococcus agalactiae - - - - ATCC-13813

supernatant liquids were discarded and the bacteria were
resuspended m 100 pL of sterile distilled water. The
resuspended bacteria were boiled for 10 min and then the
lysates were centrifuged at 8000 rpm for 5 min. The
supernatant liquids were used as templates (Liu et al,
2011, Jeyasekaran et al., 2012).

Primer design: The primers for amplifying hisl, spvR,
fliC-¢ and fliC- were designed and the sequences are
shown in Table 3. The primers for his] which are different
from earlier reported PCR primers (Cohen at al., 1994),
target a 359 bp DNA fragment. A new set of spvR primers
was designed to amplify 789 bp DNA fragment which is
different from the primers reported (Mahon and Lax, 1993;
Pan and Liu, 2002). Two sets of primers that share the
same ups tream primer were used to de tect fliC-¢ and
fhc-1,

The co-upstream primer targets the conserved area of
fliC and the different downstream primers target variant
areas for distinguishing fliC-¢ and fliC-i (Liu ez al., 2006,
2011). The primer design for fliC-c and fliC-i of Salmonalla
were observed in Fig. 1.

Salmonella have the co-upstream primer

Optimal reaction condition: A volume of 30 ul. PCR
reaction system was used. The most suitable reaction
concentration of primers, INTP and DNA template were
selected one by one. DNA extracted from the standard
S. choleraesuis (H1-c) and S. typhimurium (H1-1) were
used to optimize the reaction conditions for the multiplex
PCR. A gradient PCR Method was used to determme the
optimum annealing temperature of the multiplex PCR. The
amplification products were electrophoresed in 1.3%
agarose gel and observed under UV.

Sensitivity test: A 10 fold serial dilution of the DNA
extracted from the mixture of S. choleraesuis (H1-¢) and
S. typhimurium (H1-1) standard strains were used to test
the sensitivity of the method. The DNA concentrations
were measured by nanodrop. The maximum concentration
of the DNA template was 100 ng whereas the minimum
was 1 pg.

Specificity test: To test the specificity of the multiplex
PCR, five non-Salmonella standard strams, namely,
Escherichia coli, Enterococcus faecalis, Staphyvlococcus
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Table 3: Primers sequences and PCR products in this study

Genes Primer Primer sequence Product size (bp) References

hisJ SJF1 S-CGCTCCTACATA CGC ACC G-3' Liuet af. (2011)
SJIR1 5-AGT GCT CAT TGC CGA AGG TC-3 359

SpVR SPF2 STGGTGT CTCCCGTTT CIT GG-3' Livet dal (2011)
SPR2 5'- CAA ACA GGT TCC TTC AGT ATCGC-3 789

JicC SHF1 S-CTCTTC CGG TCT GCG TAT C-3'

AiCc SHR ¢ S-CATCATGGTAT CCA CTG ACA GTC-3 623 Liuet al. (2006, 2011)

fic-i SHRi 5-CCA AGA CCA TTA GCC GAG-¥ 537 Liuet al. (2006, 2011)

aureus, Shigella flexneri and Streptococcus agalactiae,
were tested. In addition, eight standard Salmonella
species, namely, S. typhimurium, S. choleraesuis, S. typhi,
S. enteritidis, S. dublin, S. pullorum, S. aberdeen and
S. arizona were used to check the method.

The five non-Salmonella and eight Salmonella
standard species were also used to infect chickens
artificially. The tissues were then used to detect the
bacteria by the mutiplex PCR assay and the samples were
prepared via the Pugliese’s Method (Pugliese et al., 2011).
The multiplex PCR assay were also evaluated in detecting
climcal samples which are collected from local ammal
farms and food markets and prepared following the
method reported by Pugliese et al. (2011) and Bessa et al.
(2007). A total of 83 samples were detected by this
method.

RESULTS AND DISCUSSION

Optimal reaction condition: DNA extracted from
standard high pathogenic S. choleraesuis (Hl-c¢) and
S. typhimuritm (H1-1) were used to optimize the reaction
conditions for multiplex PCR. The 52°C annealing
temperature was determined from a series of temperatures.
At that temperature, the reaction was performed perfectly
and the bands were clear when observed under UV light.
The optimal concentrations for the primers, the DNA
template and the
mdividually. For the 30 pL volume, the optinum
conditions were as follows: 1 pl. of DNA template, 0.5 ul.
of each primer, 3 ul. of 10 mM dNTP, 3 L. of 10xbuffer
(with Mg™") and 0.4 pL of Tag DNA polymerase. The
results under these conditions are displayed in Fig. 2.

Tag polymerase were selected

Sensitivity test: Serial DNA extraction from S.
choleraesuis (Hl-c) and S. fyphimurium (H1-1) standard
strains at maximum dilution (100 ng) was used to test the
minimum detectable DNA quality of the method As
shown in Fig. 3, the samples with exceeding 100 pg
Salmonella DNA were detected by this multiplex PCR.

Specificity test: To test the specificity of the multiplex
PCR, five non-Salmonella and eight standard Salmonella
strains were used to check the method. As shown in
Fig. 4, the hisJ gene (359 bp) and the spyR gene (789 bp)

Fig. 2: Optimization of the annealing temperature in the
multiplex PCR system. Lane M: DNA marker
DL2000; Lane 1: 55; Lane 2: 53.2; Lane 3: 52;
Lane 4: 51; Lane 5: 50.2

M 1 2 3 4 5 6

2000
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Fig. 3: Sensitivity detection of the primers in the
multiplex PCR  system. TLane M: DNA
marker DL.2000; Lane 1: 100 ng; Lane 2: 10 ng;
Lane 3: 1 ng; Lane 4. 100 pg; Lane 5: 10 pg;
Lane 6: 1 pg

were successfully detected in seven of the Salmonella
strains and the fliC-¢ gene (623 bp) was detected in
S. choleraesuis. The fliC-i gene (537 bp) was detected in
S. typhimurium and S. aberdeen. Four different lengths
of DNA fragments were detected from mixed samples of
S. aberdeen with S. choleraesuis and S. typhimurium
with S. choleraesuis. Using the proposed multiplex PCR
can easily diagnose the serotype of S. arizoma and
S. typhimurium can be easily determined simultaneously.
The detection results for all other bacterial genera were
negative.

Samples detection: The results of the tissue samples
collected from the artificially infected samples (Fig. 4) and
the clinical samples demonstrate the specificity and
effective of the multiplex PCR for detecting tissue
samples.

3546



J. Anim. Vet. Adv., 11 (19): 3544-3549, 2012

M1 23 4 56 7 89 101112 13 14 1516

g

Fig. 4 Specificity detection of the primers in the multiplex
PCR system. Lane M. DNA marker DL2000;
Lane 1: S. enteritidis, Lane 2. S. aberdeen,
Lane 3: 8. typhi, Lane 4: S. typhimuriuum, Lane 5:
S. arizona, Lane 6: S. choleraesuis, Lane
7. S. pullorum, Lane 8 S. dublin, Lane 9
Lane 10:
S. typhimuriuum and S. choleraesuis, Lane 11:
Escherichia coli, Lane 12: Shigella flexneri, Lane
13: Enterococcus faecalis, Lane 14: S. aberdeen
and Escherichia coli, Lane 15: Staphylococcus
aureus, Lane 16: Strepfococcus agalactiae

S. aberdeen and S. choleraesuis,

About 83 clinical samples collected from farms and
food markets were tested using the proposed method. Up
to 32 samples were contaminated with different Salmonella
strains. S. typhimurium and S. choleraesuis were the
major contaminants. The results of multiplex PCR were
confirmed by agglutination tests and biochemical tests.

Moultiplex PCR primer design: To find specific target
sequences for designing multiplex PCR primers, the
homology of hisl, spvR, fliC-¢ and fliC-i from different
Salmonella strains were analyzed using the Blast and
ClustalW Software. The target gene fragments of the
primers should at least be 50 bp long with lngh specificity
and accuracy. Researchers found a set of primers that
fulfilled the requirements. In addition, to reduce the primer
concentration, one of the most mportant factors that
affect the results of multiplex PCR, researchers designed
a set of primers for fliC-¢ and fliC-1 that share the same
upstteam  priuner. To evaluate the primers further,
researchers used the PCR primer design system Mpprimer
(http://biccompute. bimi.ac.cn/MPprimer/) (Shen et al.,
2010) and the multiplex PCR primer specific assessment
system  MFEprimer (http://biocompute. bmi.ac.cn/
MFEprimer/) (Qu et al., 2009) (Fig. 5).

Multiplex PCR for different virulent Salmonella strains:
Not all Salmonella are pathogemic but differentiating
pathogenic stramns through traditional ammal challenge
tests 1s difficult. PCR 13 one of most sensitive and rapid
methods for test pathogens. Mahon and Lax (1993)
ploneered a way to differentiate virulent Salmonella using

M 1 2 3 4 5 6 7 8 9101112131415

-!i'

Fig. 5: Diagnosis of meat by artificial infection standard
Salmonella strains and non-Salmonella standard
strains using the multiplex PCR assay. Lane M:
DNA marker DL2000; Lane 1: S. enteritidis,
Lane 2: 8. aberdeen, Lane 3: S. typhi, Lane 4
S. typhimuriuum, Lane 5. S. arizong, Lane 6:
S. choleraesuis, Lane 7. S. pullorum;, Lane 8:
S.  dublin, 9 S
choleraesuis, Lane 10: S, typhinuriuwm  and

Lane aberdeen and S.

S. choleraesuis, Lane 11: Escherichia coli,
Lane 12: Shigella flexneri, Lane 13: Enterococcus
TLane 14: Staphvlococcus atreus,
Lane 15: Streptococcus agalactiae

faecalis,

PCR by testing for the spvR gene. Researchers improved
on this research and established a multiplex PCR that can
be use for detecting salmonella detection and for
differentiating virulent strains. The reference Salmonella
species S. arizona was confirmed by Libby et al
(2002) to express spvR using Transverse Alternating-Field
Electrophoresis (TAFE ) and an spv gene probe. The spv
gene of S. typhi was identified by Huang et al. (2005)
using PCR and probes.

The results reflect the same situation; multiple
detection of one sample showed the reliable repeatability
of the method. Virulent Salmonella
discriminated from other

strains were

simultaneously bacterial
genera and nonpathogenic

this method 1s useful and convenient m detecting

Salmonella. Therefore,
pathogenic Salmonella in food, water and environment
samples.

Multiplex PCR for differentiating certain Salmonella
serotypes: The proposed multiplex PCR Method rapidly
and effectively detected Salmonella stains and their
virulence as well as differentiated S. fyphimurium and
S. arizona. S. arizona 1s the only species that expresses
the spvR gene but not hisl. S. typhimurium is the
only species that expresses both spvR and fLiC-1.
Based on the electrophoretic pattern, S. typhimuritm and
8. arizona could be differentiated from other Salmonella
stramns.
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CONCLUSION

Researchers successfully established a multiplex PCR
Method for detecting Salmonella and differentiating
virulent Salmonella strains by detecting usl, spvR,
fiC-¢ and fliC-i genes at a minimum detectable DNA
concentration of 100 pg. This method can also be used in
wdentifying S. typhimurium and S. arizona. Researchers
provide a useful and convenient method for detecting
and monitoring Salmonella i food, water and the
environment.
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