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Abstract: Detection of pathogenic Salmonella isolated from meat and poultry products by detecting virulence
invA gene using PCR technique.A total of100 meat and poultry products samples were collected from shops
and supermarkets; including 50 meat products samples and 50 poultry products. Salmonella was detected by
conventional isolation methods and then PCR was carried out to detectinvA gene in isolated Salmonella.It was
observed that 16% of samples were positive for Salmonellaisolation; 26% (13/50) in meat samples and 6% (3/50)
in poultry samples. All Salmonella isolates were positive for the invA gene.Meat and poultry products were
contaminated with pathogenic Salmonella and all isolated Salmonella contained the virulence gene, invA
gene, assuring that these isolates are pathogenic and virulent strains. Hygienic measures should be undertaken
to reduce contamination of meat and poultry products with pathogenic Salmonella.
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INTRODUCTION The ability of Salmonella strains to cause invasive

In the last three decades, Salmonella in the Salmonella pathogenicity islands (SPIs) [14]. There
entericasubtype Enteritidis has become one of the main are at least 60 genes associated with SPIs [15] and the
agents causing food borne diseases worldwide with majority of these determinants are located on the
considerable economic impact. This agent is transmitted chromosome or on large virulence-associated plasmids
to humans mainly by contaminated meat and poultry [16, 17]. A genetic locus, inv, was identified that allows
products (88%), suggesting strong relationships between Salmonella spp. to enter cultured epithelial cells. invA is
cases of Salmonella related to human illness and a member of this locus and it is the first gene of an operon
Salmonella  positive in meat and poultry products [1-4]. consisting of at least two additional invasion genes [7].
In 2007 Austria reported a total of 438 food borne Established conventional methods to detect and
outbreaks, Salmonella caused 70% of the bacterial identify Salmonella are time consuming and include
outbreaks and the most implicated food was the poultry selective enrichment and plating followed by biochemical
meat products [6], while in  rural  area  in  Thailand, tests [9, 10]. On the other hand, polymerase chain
ninety-seven percent of food samples were contaminated Reaction (PCR) is a rapid and reliable method for detection
with at least one enteric pathogen, Salmonella is one of and identification of food borne pathogens such as
the most commonly isolated pathogen about 84%, Salmonella as a complementary to conventional
moreover, fifty-one percent of children in the same culture[11, 12]. Several genes have been used to detect
areainfected with alike Salmonellaserotypes isolated from Salmonella in natural environmental samples as well as
meat samples, suggesting this pathogen is widespread in food and faecal samples[19]. Virulence chromosomal
food and humans [5]. genes including; invA [46, 47], invE [48], himA [49], phoP

One of the earliest steps in the pathogenic cycle of [50]. The invA gene of Salmonella contains sequences
the facultative  intracellular  pathogen  Salmonella  spp. unique to this genus and has been proved as a suitable
is the invasion of the cells  of   the  intestinal  epithelium. PCR target with potential diagnostic application [20].

disease is attributed to arrays of virulence genes defined
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Enrichment-PCR on the basis of invA gene was simple, red, Voges-Proskauerand Simmons citrate and serological
rapid, sensitive and specific in comparison with traditional agglutination with somatic (O) and flagellar (H) antigens
method. It could be applied in fast diagnosis of food [24-28].
poisoning and actual food samples screening [13].

Five major SPIs are well characterized in DNA Extraction of Isolated Salmonella: Bacteria were
SalmonellaTyphimurium and SalmonellaTyphi, namely, cultured on LB agar for 24 hours at 37°C. Extraction of
SPI1, SPI2, SPI3, SPI4 and SPI5 and these SPIs are the DNA was performed by suspending pellet in 200 µLTE
basis  of  pathogenicity in the host [18]. The multiplex buffer [10 mmol/L Tris-HCl (pH 8.0), 1 mmol/LEDTA] and
real-time assay is a simple, rapid, inexpensive, reliable the mixture was briefly mixed on a vortexmixer. The
system and can be used as a valuable tool to detect suspension was placed in a boiling water bathfor 1 min,
virulence invasion gene-carrying Salmonella, thus subjected to 3 freeze-thaw cycles alternatingbetween -
enhancing the safety of food [21, 22]. Application of 70°C for 3 min and 100°C for 2 min, for 10 minutes and
pyrosequencing of six  Salmonella-specific  genes as centrifuged at 6000 rpm for 5 minutes;the pellet was then
aapid Salmonella identification method was  tested. washed 3 times by suspending it in1.5 mL acetone. The
Primers for hns,  hisJ  and  hilA  had  non-specific supernatant were used for amplification by PCR with
reactions  with non-Salmonella strains. Primers for invA, Salmonella specific primers [8, 51].
iroB and filmy had specific PCR products and
pyrosequences of Salmonella, suggesting that they were Primers Set and Pcr Amplification Program: Salmonella
suitable for Salmonella rapid identification [23]. specific primers S139 and S141 Rahn et al. [20] have

In this study we investigate the presence of respectively the following nucleotide sequence based on
virulence gene (invA) in strains of Salmonellae isolated the invA gene of Salmonella 5´- GTG AAA TTA TCG
from meat and poultry products. CCA CGT TCG GGC AA - 3´ and 5´- TCA TCG CAC CGT

MATERIALS AND METHODS carried out in a 25 µl PCR mixture consisting of 2.5 µl 10X

Collection and Preparation of Samples: A total of 100 (10 mM), 1.6 µl MgCl 0.5 µl of each primer, 0.5 µl of Taq
meat and poultry products samples (50 each) were DNA polymerase and 1.5 µl DNA template of each isolate
collected from shops and supermarkets. Samples were were used in the reaction. Amplification was conducted in
collected in sterile polyethylene bags, put in ice tank Master-gradient Thermocycler (Eppendorf). The cycle
under low temperature and transported to the laboratory conditions were as follow: An initial incubation at 94 °C
for bacteriological examination.Twenty-five gramsof each for 60 seconds, followed by 35 cycles of denaturation at
sample was taken in sterile stomacher bag,mixed with 225 94 °C for 60 seconds, annealing at 64 °C for 30 seconds
mlbuffered peptone water (BPW) (Oxoid Limited, and elongation at 72°C, followed by 7 minutes final
Hampshire, England)and homogenized by using extension period at 72°C.
Stomacher® 400 Circulator (Seward Ltd. UK). 

Isolation and Identification: The samples mixtures products from Salmonella specific-PCR were analysed
incubated at 37 ± 2 ºC for 18± 0.2 h,0.1 ml mixturewas with electrophoresis on 1.2 % agarose w/v gels stained
transferred to 10 ml Rappaport-Vassiliadis (RV) medium, with ethidium bromide and visualized by UV illumination.
vortexed andincubated for 24 ± 2 h at 42 ± 0.2°C A current of 120 V was applied to each gel. Eight microliter
(circulating, thermostatically-controlled, water bath). of PCR product mixed with 3 µl of 6X loading dye was
Three millimetre loopfull (10 µl) of each RV tube was loaded on to agarose gel. A 100 bp DNA ladder was used
streaked on Xylose Lysine Desoxycholate (XLD) agarand as a marker for PCR products.
incubated for 24 ± 2 h at 35°C. Typical colonies of
Salmonellawere pink colonies with or without black RESULTS
centers. Many cultures of Salmonella may produce
colonies with large, glossy black centers or may appear as It was observed that 16 % of samples were positive
almost completely black colonies. Salmonella isolates were for Salmonella; 26% (13/50) in meat samples and 6% (3/50)
confirmed by biochemical tests asTriple Sugar Iron agar in poultry samples. The identified serotypes of isolated
(TSI), Lysine decarboxylase (LIA), Urease, Indole, Methyl Salmonella  were  Salmonella  enteritidis   6.25%    (1/16),

CAA AGG AAC C - 3´. Reaction with these primers were

PCR buffer (500 mMKCl, 200 mMTrisHCl), 1.25 µl dNTPs
2,

Electrophoresis of PCR Products: The amplified DNA
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Fig. 1: PCR amplification of the invA gene. N: Negative bcfC genes were 100 % associated with certain
control; P: Positive control; M: Molecular weight antimicrobial resistance phenotypes (streptomycin and
marker 100 bp; Lanes 1- 9: Analyzed samples from lincosamide) and secondly, the presence of invA, avrA,
Salmonella isolates showing positive 284 bp ssaQ, mgtC, siiD, sopB and bcfC was resistance to
DNA fragment of invA gene. chloramphenicol [36, 37].

Salmonella newland 18.75% (3/16), Salmonella Kentucky human and food origin carried the invA, mgtC, stn, sopB,
12.5% (2/16), Salmonella heifa 6.25% (1/16), Salmonella sopE1 and sefA virulence genes[38]. Increased expression
bron 6.25% (1/16), Salmonella rissens 12.5% (2/16), of virulence-associated genes was seen in cells exposed
Salmonella fortune 12.5% (2/16), Salmonella agona to dry storage for short periods; however, the largest
6.25% (1/16), Salmonella hessarek 6.25% (1/16), amount of expression occurred in biofilm cells stored for
Salmonella hoboken 6.25% (1/16) andSalmonella 30 days at water activity (a ) 0.3, suggesting increased
veneziana6.25% (1/16). All isolated Salmonella strains virulence potential [39]. Development of antibiotic
(16/100) generated a single 284 bp amplified DNA resistance may alter the virulence properties of bacterial
fragment on 1.2 % agarose gel and positive for presence organisms. Acquisition of ceftriaxone resistance is
of invA gene (Figure 1). associated with the overexpression of the AcrAB-TolC

DISCUSSION spp. [40]. Some studies confirmed that invasion

Several methods were established to reduce the gene fragments are carried on Salmonella pathogenicity
periods of Salmonella identification procedures from island 1 (SPI-1) and Salmonella strains lacking this SPI-1
various samples [29]. Salmonella specific PCR with have invasiveness rates towards Hela cells significantly
primers for invA is rapid, sensitive and specific for lower than the rate of invA-positive strain STM1344[41].
detection of Salmonella in many  clinical  samples  [30]. Some genes encoding for virulence factors located on
The ability of Salmonella specific primers to detect plasmids, can be transferred from one strain to another
Salmonella species rapidly and accurately is primarily due and can cause an increase in the pathogenicity of
to the primer sequences that are selected from the gene serotypes [42]. Different serotypes can be present in
invA. The invA gene encodes for protein in inner different animal species: some of them are considered
membrane of bacteria, which is necessary for invasion to species-specific, while others are ubiquitous [43]. The
epithelial cells [31]. Thirty-two samples from butcher presence of virulence plasmids in host-adapted serovars
shops were analyzed for the presence of virulence genes suggests that horizontal virulence acquisition can have
(invA, sefA and spvC) by using PCR, the invA gene was expanded the host range of Salmonella [44]. In detection
detected in 13 isolates and the sefA was found in 8 study 46 Salmonella strains were isolated from 42 meat
isolates; no isolate carried spvC gene [32]. samples; the positive rate was 20.1%. The majority of

All Salmonella isolates positive for the presence of positive samples were fresh meat, 69.23% in duck, 37.14%
invA gene which responsible for invasion of cells, have in  chicken,  20%  in  beef  and  16.67% in pork.
the  capacity  to  invade  and  survive  in  macrophages Application of hygienic approaches and effectiveness of
[33, 34]. Fifty Salmonella enterica isolates were screened potential interventions during production,  slaughtering,

by PCR for 17 virulence genes (spvB, spiA, pagC, msgA,
invA, sipB, prgH, span, orgA, tolC, iron, sitC, lpfC, sifA,
sopB, cdtB and pefA). All isolates were positive for nine
to fourteen of these genes, but none were positive for
pefA, spvB and lpfC, which are typically present on the
Salmonella virulence plasmid. Seven of the virulence
genes including cdtB were found in all 50 isolates,
suggesting that Salmonella strains from food and
environmental sources had virulence similar to clinical
isolates and potential transmission of virulence factors
from food sources to cause infections in humans [35]. The
virulence associated genes invA, ssaQ, siiQ, sopB and

The majority of the Salmonella isolates (99.3%) from

w

efflux pump and leads to reduced virulence in Salmonella

gene(invA), secreted effector protein gene (sipA) other
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manufacturing, preparation and processing of meat 6. Much, P., J. Pichler, S.S. Kasper and F. Allerberger,
products can significantly reducing the number of 2009. Foodborne outbreaks, Austria 2007. Wien Klin
Salmonella positive samples in meat products [45]. Wochenschr, 121: 77-85.

CONCLUSION Molecular and functional characterization of the

Meat and poultry products were contaminated with to members of a new protein  family.  J.  Bacteriol.,
pathogenic Salmonella and all Salmonella isolates are 174: 4338-4349.
positive for the presence of virulence gene (invA) that 8. Shanmugasamy, M., T. Velayutham and J. Rajeswar,
responsible for cell invasion. Meat and poultry products 2011. InvA gene specific PCR for detection of
considered an important source of high risk serotypes of Salmonella from broilers. Vet. World, 4: 562-564.
Salmonella for human,subsequently, hygienic measures 9. Bennasar, A., G. de Luna, B. Cabrerand J. Lalucat,
should be undertaken to reduce contamination of meat 2000. Rapid identification of Salmonella
and poultry products with virulent strains of typhimurium, S. enteritidis and S. virchowisolates
Salmonellathat is of public health significance. by polymerase chain reaction based fingerprinting
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