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Abstract: Salmonella is one of the most important food-borne zoonoses in the world. This study illustrates

the application of the polymerase chain reaction and multiplex polymerase chain reaction for detection of

Salmonella species and identification of Salmonella serotypes typhimurium  and enteritidis. Three sets of

primers were selected from three different genes, amplifying a 521bp fragment of invA gene specific for

the genus Salmonella, a 250bp fragment within the spv gene specific for Salmonella enteritidis and a

620bp fragment within fliC gene specific for Salmonella typhimurium . All samples of Salmonella were

positive for invA gene amplified sequence, while the serotypes of Salmonella typhimurium  and Salmonella

enteritidis were identified by the presence of the specific amplified products to fliC gene for S.

typhimurium and spv gene for Salmonella enteritidis.
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INTRODUCTION

Salmonella is a gram- negative, facultative,

intracellular bacterium that invades the mucous

membrane and is spread primarily by oral transmission.

Salmonella express flagellar (H), polysaccharide (O)

and capsular (Vi) antigens which determine strain

pathogenicity and therefore variation of these antigens

has formed the basis for Salmonella serotyping. The

Kauffmann-White scheme, first published in 1929,

divides Salmonella into more than 2500 serotypes

according to their antigenic formulas .[3]

There are two phases of flagellar antigens; Phase

1 flagellin (H1) of flagellar antigens is encoded by the

fliC gene. For fliC, evidence from antibody binding

studies suggests that sequences of ~300 nucleotides of

the central variable region of flagellin correlate with

serotype and differences in amino acids sequence can

be associated with differences in antigenic specificity.

Comparative sequencing has distinguished some

Salmonella serotypes or biotypes . [14]

Salmonella serotypes typhimurium  and enteritidis

alone represent 73.9% of the clinical isolates. The

problem with conventional detection methods is that

they are laborious and time consuming, and cannot

distinguish between serovars. This can become a

serious issue since serovars may differ in the level of

pathogenicity .[12]

Zoonotic Salmonella serovars are a major cause of

food-borne diseases in human in most Western

countries. Salmonella enterica is of major concern

because of its continued association with highly

popular foods such as poultry products, ready-to-eat

meats, dairy products, fruits and vegetables. On the

other hand these pathogens are predominate, make high

mortality rates and are involved in several recent

outbreaks. Among Salmonella causing food poisoning

and Salmonellosis infection, S. typhimurium  and S.

enteritidis play a significant role in main food

pathogenic bacteria around the world. Therefore, the

control and prevention of these pathogens are of high

priority to improve the safety of the food supply.

Salmonella control is necessary at all the key steps of

food production to ensure safe products for

consumers . [7]

At present, Salmonella detection is by standard

bacteriological methods. However, these generally

require 3 days to give a negative result and 5 days to

co nfirm positive  results .  Although d iffe ren t

conventional culture media and enrichment regimes

have been proposed for isolating Salmonella species

from food or environmental samples, these organisms

are still difficult to culture, detect or enumerate from

the complex microbial communities of natural

ecosystems .[17]

Moreover, serotyping which offers a reliable

method for differentiating Salmonella serotypes, i.e.,

identification by the slide agglutination method with a

complete set of sera, is a time-consuming process that

requires the use of 167 specific antisera and well-

trained technicians .[18]
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Current research trends emphasize the development

of multipathogen platforms in a single-assay format.

For example, multiplex PCR assays, protein/antibody

microarray biosensors, array-based immunosorbent

assays, and DNA microarray methods continue to be

developed. The multipathogen detection approach is

attractive and economically favorable since it can

reduce the total space requirement for handling a large

number of samples, as well as the bench space,

supplies, reagents, and labor needed, thus reducing the

overall cost of testing per pathogen. Moreover,

multipathogen detection can mitigate the industry and

regulatory needs for the testing of foods that have a

high risk of contamination with these pathogens .[10]

The polymerase chain reaction (PCR) provides a

way of overcoming the previous mentioned difficulties

elsewhere; it is ideally suited for reaching this rapid

and sensitive detection goal. This method potentially

allows amplification of the target DNA from as few as

one copy .[12]

Most of the virulence genes are encoded within

Salmonella pathogenicity islands (SPIs) on the

chromosome as units of large cassettes and some

operons. SPI1 is present in all phylogenetic lineages of

the genus Salmonella but is absent from close relatives

such as Escherichia coli. One of the most important

SPI1 functions which is encoded on the chromosome,

is invA gene which is responsible for passage across

the intestinal epithelium by invading the M cells in

Peyer’s patches of the intestine .[2]

In this study PCR and multiplex PCR were used

to detect and identify Salmonella species and

Salmonella serovars (S. enteritidis and S. typhimurium),

respectively. Thus, we selected three PCR target

sequences, which were invA specific for the genus

Salmonella , spvA (virulence gene) specific for S.[20]

enteritidis and fliC gene specific for S. typhimurium .[19]

 

MATERIALS AND METHODS

Bacterial Samples: The used Salmonella serotypes in

this study were kindly provided from the Department

of Bacteriology and Department of Poultry Disease,

Animal Health Research Institute.

These serotypes were isolated from fecal samples

of diseased cattle, sheep and chicken as illustrated in

Table (1). 

Isolation and identification of these serotypes were

done according to Collier et al., .[5]

Extraction of DNA: Cultural aliquots of Salmonella

were centrifuged at 13.000 rpm for 5 min., and the

supernatant was discarded. The cell pellet was

resuspended in Tris–EDTA buffer (10 mM Tris, 1 mM

EDTA, pH 8.0) containing 1% Triton X 100 and boiled

for 30 minutes. The suspension was centrifuged at

13.000 rpm for 10 minutes. Then, the supernatant

containing the DNA was transferred into a clean

eppendorf tube and stored at -20 °C until used for

PCR .[13]

Table 1: The used serotypes in this study and anim als from which

they were isolated.

Animal Serotypes

Cow S.dublin

sheep S.anatum

S.paratyphi B

chicken S.typhimurium

S.enteritidis

S.anatum

S.meleagridis

S.paratyphi

S.washington

S.ried

S.virginia

Polymerase Chain Reaction: Oligonucleotide primers;

three sets of primer pairs were synthesized at

Agriculture Genetic Engineering Research Institute

(AGERI). The first set of primers was invA1 and

invA2 specific for Salmonella spp. and targeting invA

gene ; The second Fli15 and Typ04, specific for  S.[20]

typhimurium  and targeting fliC gene ; and the third[16]

S1 and S4, specific for S. enteritidis and targeting

spvA gene . Primer sequences are shown in Table[10]

(2).

DNA Amplification: DNA amplification was done in

25 ul reaction volume containing 2.5 ul of 10X

reaction buffer (65 mM Tris-HCl, pH 8.8 at 25ºC, 16

mM ammonium sulphate, 200 ug of gelatin per ml),

2 .5  ul of 200  uM  of each of the four

deoxyribonucleotide triphosphates, 1 ul of 10 pM of

each oligonucleotide primer (according to target gene)

2 Mm magnesium chloride, 1 U of Taq DNA

polymerase and 50 ng of template DNA . PCR was[1]

carried out in a gene cycler (Perkin Elmer 6900).

In multiplex PCR, the same constituents were used

with four primers (S1, S4, Fli1 and Typ04) according

to Soumet et al., . The optimized cycle program for[19]

PCR of denaturation, annealing and extension

temperatures was as follows: initial denaturation for 5

min at 94ºC; 35 cycles for each cycle, 1 minute at

94ºC, 1 minute at 52ºC and 1min. at 72ºC; and a final

extension step at 72ºC for 5 min . While ,the[1]

amplification program for multiplex PCR comprised 30

cycles, each cycle composed of 30s at 94ºC, 1 minute

at 55ºC and 30s at 72ºC . After amplification 5 ul of[1 9 ]

the reaction product was mixed with 1 ul of 6X gel

loading dye and subjected to electrophoresis on 1.5%

agarose gel at 100V for 30 min. Gels were stained

with ethidium bromide and photographed on UV

transilluminator .[4]
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Table 2: Primers used for the detection of Salmonella sp. (1) and identification of S.typhimurium  (2) and S. enteritidis (3).

Primer Target gene Length Primer sequence (5’---3’) Amplification product (bp)

invA1(1) invA 21 TTG TTA CGG CTA TTT TGA CCA 521

----------------------------------------------------------------------------------------------------------------------------------

invA2(1) invA 21 CTG ACT GCT ACC TTG CTG ATG

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fli15 (2) fliC 22 CGG TGT TGC CCA GGT TGG TAA T 620

----------------------------------------------------------------------------------------------------------------------------------

Typ04 (2) fliC 16 ACT GGT AAA GAT GGC T 

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

S1(3) spvA 20 GCC GTA CAC GAG CTT ATA GA 250

----------------------------------------------------------------------------------------------------------------------------------

S4(3) spvA 20 ACC TAC AGG GGC ACA ATA AC

Samples were considered positive for Salmonella
species, Salmonella typhimurium  and Salmonella
enteritidis when single bands were evident at 521, 620
and 250 bp in the ethidium bromide stained gels,
respectively, compared with the molecular size marker
(100-bp DNA ladder).

RESULTS AND DISCUSSION

Detection of Salmonella species: The results of the
PCR tests (using the invA primers specific for
Salmonella sp.) which were performed on all the
isolates are shown in (Fig. 1). All samples were
Salmonella positive for invA gene sequences as
indicated by the size of the PCR product in agarose gel
(approximately 521 bp). Oliveira et al.,  reported that[16]

PCR assay using the invA primers specific for
Salmonella sp. is considerably decreasing the number
of false-negative results which commonly occur in
diagnostic laboratories.

The investigation using PCR for the presence of
invA gene in this study demonstrated its presence in all
examined Salmonella isolates irrespective of serovar or
source. It is quite clear that one of the major routes of
Salmonella infection is by ingestion, hence our result
being 100% positive to invA, which is necessary for
invasion of epithelial cells in all Salmonella species.

This finding was consistent with previous
reports  that indicated the presence of invA gene in[8 ,20]

nearly all Salmonella irrespective of serovar or source.
As cited by Galan and Curtiss  and Zierler and[8]

Galan , the invA gene is important in the invasion of[22]

phagocytic epithelial cells and entry into the intestinal
mucosa. This is confirmed by Jones et al.,  who[11]

showed that S. typhimurium  serotypes carrying mutation
in invA genes are unable to selectively invade and
destroy M cells in the follicle –associated epithelium of
murine Peyer’s patches. These data demonstrate that
SPI1 (which contains inv gene) plays an important role
during invasion of the intestinal mucosa.

Serotyping by the traditional methods is
consuming, requires well-trained technicians and uses
large amounts of high-quality sera . For these reasons,[18]

the use of DNA methods, such as the multiplex PCR
for H-antigen identification described here, is an

attractive alternative to the most traditional techniques.
Echeita et al.,  showed that a multiplex PCR method[6]

which identifies the specific second-phase flagellar
antigens found in the most common Salmonella
serotypes reported in Spain could be developed. We
illustrate here that the use of a similar method to
identify the first-phase flagellar antigens could identify
the Salmonella typhimurium, leaving conventional
serotyping to be used for identification of the less
common serotypes. The use of these methods would
dramatically reduce the reliance on the traditional time-
consuming methods and reduce the amount of sera
needed for Salmonella identification.

For multiplex PCR primers each two primers (S1,
S4 and Fli15, Typ04) were tested individually by using
a panel of known serotypes to ensure that a PCR
product of the expected size was produced and that no
additional or nonspecific products were generated. Once
the specificity was determined, the PCR conditions,
buffers, and primer concentrations were optimized to
establish conditions in which the primers could be
combined into a single PCR mixture.

A multiplex PCR was performed to target specific
fragment within both the spv and fliC genes
simultaneously.  The selected S1-S4 primers were
chosen from spv gene of a virulent plasmid of S.
enteritidis which has a restricted distribution among the
serotypes of Salmonella; a 250 bp amplified fragment
was noted for the tested serotypes of Salmonella
enteritidis only (Fig.2, lanes no. 4, 5 and 6). Similar
results were obtained by Wood et al., .[21]

The serotypes of Salmonella typhimurium  were all
identified by the presence of the specific amplified
product 620 bp obtained with Fli15 and Typ04 primers
(Fig.2, lane no. 2,3). Fli15 - Typ04 primers specific for
the fliC gene encoding phase-1 flagellin (H1) from S.
typhimurium . [19]

Two bands at 250 bp and 620 bp appeared as a
result from multiplex-PCR performed on DNA
extracted from mixed culture of Salmonella enteritidis
and Salmonella typhimurium  (Fig. 2, lane no. 1).

Reduction in both time to get results and the
potential of false positive and false negatives could
turn PCR- based methods into a powerful tool for
sensitive and specific detection of food borne
pathogens . [15]
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Fig. 1: Agarose gel electrophoresis of PCR-amplified invA gene fragment from different Salmonella serotypes
isolated from cattle, sheep and chicken lane 1 - 11.The figure shows a single band at 521-bp DNA
fragment. Lane M:100-bp marker.

Fig. 2: Agarose gel electrophoresis of PCR and mPCR-amplified fliC and spv gene fragments from Salmonella
typhimurium  and Salmonella enteritidis serotypes respectively. Lane 1 : showed double band at 250 and
620 bp DNA fragment specific for Salmonella enteritidis and Salmonella typhimurium  respectively. Lane
2, 3 shows a single band at 620-bp DNA fragment specific for Salmonella typhimurium . Lane 4-6 shows
a single band at 250-bp DNA fragment specific for Salmonella enteritidis. Lane M: 100-bp marker. 

Moreover, as a result of the close morphological
and biochemical resemblance of S. typhimurium  and S.
enteritidis to other S. species, and the non-specific
clinical manifestation of Salmonellaosis, the availability
of rapid, specific and sensitive molecular diagnostic test
as PCR capable of distinguishing Salmonella species is
essential for the effective control of the disease.

The high sensitivity of PCR technique than

bacteriological culture could be attributed to different
factors mentioned by Gallien et al., , who explained[9]

the false negative bacteriological results to the low
level of infection massive contamination of the
samples, inhibition of some bacterial species in the
selective media, or to a viability loss before culturing.
In these circumstances DNA can still be detected by
PCR.
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Conclusion: The rapid detection of microbial pathogens

is critical since people’s lives may depend on it. Thus,

there is a need for more reliable and faster methods.

PCR has proven an invaluable tool for this detection

and it should be implemented to obtain a rapid yes/no

answer on-site. It is possible, using molecular methods,

to identify and distinguish between different Salmonella

serovars.

With Multiplex PCR, multiple gene products can

be amplified in a single PCR reaction and in this study

it is clearly shown as a rapid method to distinguish

between Salmonella typhimurium  and Salmonella

enteritidis taking 4 h to make that distinction.

From previous studies; it was shown that the

minimum time needed for conventional methods to

preliminarily identify Salmonella is 48 h and these

results still do not discriminate between some serovars

which differ greatly in their levels of pathogenicity,

while these techniques also require pure, cultured

bacteria. In comparison, the molecular approaches were

rapid and specific for each serovar. Such early

detection will help to control pathogenic bacteria and,

in turn, this will prevent the spread of disease.
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