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Abstract: 

Currently, Salmonella enterica is the most common bacterial foodborne 
pathogen, causing serious extraintestinal disease. Typing methods play an 
important role on pathogens’ source tracking, knowing the source(s) of 
bacteria in pharmaceutical sciences, preventing and controlling the 
diarrhea and food-poisoning outbreaks. The purpose of this study is to use 
different moleculer typing methods to determine the genetic variability of 
38 foodborne Salmonella isolates that were previously identified by 
biochemical tests. The methods were evaluated by four molecular 
techniques including 16S rRNA sequencing, PFGE, PCR-RFLP and invA-spvC 
PCR. 16S rRNA sequencing results showed that four of the 38 isolates were 
Escherichia coli, Proteus mirabilis and Citrobacter murliniae, and the others 
were Salmonella enterica. Thirty-eight strains were subtyped by XbaI-PFGE 
into 20 profiles with different clusters, while they were subtyped by 16S 
rRNA-RFLP into 9 profiles with a single cluster. Out of two Salmonella 
isolates, the invasion gene (invA) was detected in all other Salmonella 
isolates (94%) and the virulence gene (spvC) was detected in 11% of 
Salmonella isolates. Our results suggested that the PFGE subtyping is the 
prominent method for the evaluation and benchmarking of molecular 
subtyping.  
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Currently, Salmonella enterica is the most common bacterial foodborne pathogen, causing serious 

extraintestinal disease. Typing methods play an important role on pathogens’ source tracking, 

knowing the source(s) of bacteria in pharmaceutical sciences, preventing and controlling the 

diarrhea and food-poisoning outbreaks. The purpose of this study is to use different moleculer 

typing methods to determine the genetic variability of 38 foodborne Salmonella isolates that were 

previously identified by biochemical tests. The methods were evaluated by four molecular 

techniques including 16S rRNA sequencing, PFGE, PCR-RFLP and invA-spvC PCR. 16S rRNA 

sequencing results showed that four of the 38 isolates were Escherichia coli, Proteus mirabilis and 

Citrobacter murliniae, and the others were Salmonella enterica. Thirty-eight strains were subtyped 

by XbaI-PFGE into 20 profiles with different clusters, while they were subtyped by 16S rRNA-

RFLP into 9 profiles with a single cluster. Out of two Salmonella isolates, the invasion gene (invA) 

was detected in all other Salmonella isolates (94%) and the virulence gene (spvC) was detected in 

11% of Salmonella isolates. Our results suggested that the PFGE subtyping is the prominent method 

for the evaluation and benchmarking of molecular subtyping.  
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Introduction 

Gram-negative foodborne pathogen Salmonella is a major worldwide health problem that causes typhoidal and non-

typhoidal salmonellosis. Typhoidal and non-typhoidal illnesses cause millions of cases yearly with significant 

economic losses and even human deaths [1–3]. Salmonella infections in humans are usually associated with food, 

such as poultry, eggs, meat and dairy products [4]. Identifying and typing of Salmonella isolates are crucial for 

diagnosis, treatment, epidemiological surveillance of salmonellosis and tracking the source of an outbreak [5]. 

Multiple typing methods, including phenotypic and genotypic, are still being used to discriminate microorganisms at 

the strain level. Bacterial isolates can be characterized based on phenotypic traits, by using biotyping, serotyping, 

phage typing, antibiotic susceptibility testing, mass spectrometry (MS) and sodium dodecyl sulphate-polyacrilamide 

gel electrophoresis (SDS-PAGE) of cellular-extracellular components, and based on nucleic acid, by polymerase 

chain reaction-restriction fragment length polymorphism (PCR-RFLP), pulsed field gel electrophoresis (PFGE), 

random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), ribotyping, 

multilocus sequence typing and multiplex PCR. Characterization of strains by using phenotypic methods is not 

enough and even a trained person has to spend days or weeks to identify them. Various genetic methods have been 

developed since 1980s [6] and these methods have been preferred due to their high discriminatory powers [7]. In this 

study, we have evaluated three molecular methods that are PCR-RFLP, PFGE and 16S rRNA sequencing. We also 

have investigated invasion gene (invA) and virulence plasmid borne gene (spvC) for Salmonella spp. Relatively 

conserved regions are known to be associated with 16S rRNA sequences. The analysis of sequences are important to 

identify the various bacterial species [8]. Obtained restriction DNA fragments are separated on agarose gel and the 

band profiles are compared. Although the RFLP system is easy to perform, inexpensive and rapid [9,10],  the analysis 

using single gene and enzyme usually provides limited discriminatory power [11]. PFGE is an efficient sub-typing 

method and commonly used in outbreak investigations. PFGE produces comparable data of genotypic characteristics 

of Salmonella strains and it is accepted as the gold standard among molecular methods [12,13]. In addition to this, it 

has been used in typing Salmonella in human patients, animal sources and foods because of its discriminatory power 

and high reproducibility [14–16]. Numerous reports have been documented that using the highly discriminatory 

technique of PFGE was successful to track the source of Salmonella infections in different serovars [17–21]. 

However, PFGE does not display equal sensitivity in different serovars [14,21] and it has several limitations including 

changes in DNA concentration, percent of agarose in the gel, applied voltage and gel temperature. Beside these, it 

requires at least 3–4 days labour intensive to complete the test and the presence of expensive specialized equipment 

and high quality chemicals [7,22,23]. For sequencing analysis, 16S rRNA region was chosen in this study. The 16S 

and 23S rRNA genes are the most widely used molecular chronometers toform microbial phylogeny studies [24,25]. 

16S rRNA gene-based PCR primers have been described by Lin and Tsen [26] in 1996, 16S rRNA provides specific 

detection for all bacteria and of course for Salmonella spp. [26,27]. PCR-based techniques are rapid, sensitive and 

reliable tools in identification of foodborne pathogens such as Salmonella [28,29]. Chromosomal virulence genes, 

such as invA, invE, himA and phoP, and plasmid genes, such as spvA, spvB and spvC, are PCR target genes that detect 

Salmonella species [30–32]. 

Salmonella enterica is currently the most common bacterial foodborne pathogen, causing serious 

extraintestinal diseases, and misrepresentation might lead to consequences that can affect many people's health. The 

aim of the present study was to compare four different molecular techniques commonly used in the identification of 

Salmonella. We show that PFGE subtyping is a prominent method for the evaluation and benchmarking of molecular 

subtyping, compared to three other commonly used typing methods and, to the best of our knowledge, this is the first 

report comparing these typing methods.  

 

Materials and methods 

Bacterial strains, media and growth conditions 

In this study, 38 Salmonella strains [33] were obtained from Prokaryote Genetic Laboratory Culture Collection of 

Ankara University. A total of 38 different Gram-negative strains (34 - Salmonella enterica subsp. enterica, 2 - Proteus 

mirabilis, 1- Escherichia coli and 1- Citrobacter murliniae) were isolated from chicken and red meat samples, 

randomly collected from city markets. Luria-Bertani broth (LB) was used to make strains grow and the samples were 

taken from glycerol stocks. Salmonella strains were grown overnight (18 h) under aerobic conditions at 37 °C (Merck, 

US).   

Preparation of DNA: making and casting agarose plugs 

PFGE was carried out using CDC PulseNet protocol for Salmonella [34] with minor modifications. Overnight 

Salmonella cultures were diluted between 0.8 and 1 at OD610, and centrifuged at +4 °C, 9000 ×g for 5 min. Pellets 
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were washed with 500 µL sterile cell suspension buffer (CSB) (100 mmol/L Tris pH:8.0, 100 mmol/L 

ethylenediaminetetraacetic acid (EDTA) pH:8.0). The supernatant was discarded, centrifuged at +4°C, 10.000 rpm for 

5 mins and resuspended in 100 µL of the same buffer. Resuspension was mixed with 2% low melting grade agarose 

(BioShop, Canada); 100 µL mixture was transferred into plug molds (10 mm × 5 mm × 1.5 mm, BioRad, USA) and 

stored until polymerization at 4°C. Cells, embedded in agarose, were lysed in situ with Lysis-Proteinase K Buffer (50 

mmol/L Tris pH: 8.0, 50 mmol/L EDTA pH: 8.0, 10% sarcosyl, proteinase K 0.1 mg/mL) for 2 h at 50°C under 

shaking. After lysing, buffer was discarded and agarose plugs were put into the new sterile tubes. Agarose plugs 

containing genomic DNA were washed at 54°C for 15 min: twice with 5 mL dH2O (pre-heated to 54°C) to remove the 

residual lysis buffer coating the plugs and four times with 5 mL 0.5 mol/L TE buffer (pre-heated to 54°C). The 

agarose plugs including the pure DNA were obtained after washing them and the plugs were put into 1.5 mL 

microcentrifuge tubes containing 1 mL 0.5 mol/L TE buffer. The plugs were restricted immediately or stored in TE 

buffer at 4°C until needed. 

Restriction digestion and PFGE analysis 

Each DNA embedded agarose plug was cut into four slices (approximately 2-mm-wide) with surgical blades and 

placed in a sterile microcentrifuge tube that contains 100 µL of a dilution of the appropriate restriction buffer and 

BSA for the enzyme. Chromosomal DNA was subjected to enzymatic digestion in microcentrifuge tubes with 20U of 

XbaI (New England BioLabs, Massachusetts, USA) according to the instructions of the manufacturer. After 

digestions, slices were taken into 0.5×TBE buffer for 30 min (175 rpm under shaking condition at room temperature) 

to stop the enzyme activities. DNA containing agarose plugs of Salmonella serovar Braenderup H9812 were cut by 

the same restriction buffer solution as described above and XbaI-digested Salmonella Braenderup strain H9812 was 

used as a ‘universal’ molecular weight standard marker and normalization reference [35,36]. Electrophoresis of 

restricted DNA fragments was achieved through a contour-clamped homogenous electric field method on CHEF DR-

III system (Bio-Rad Laboratories, Hercules, CA) by using 1% pulsed-field certified agarose gel and 0.5×Tris-borate–

EDTA (TBE) buffer. 1% pulsed-field certified agarose gel was prepared using a 15-well comb (Bio-Rad) in the 

casting stand. DNA containing agarose plug slices were loaded into wells. Electrophoresis was performed at 14 °C 

and at 120° angle. Electrophoresis conditions were as follows: initial switch time value of 2.2 sec, final switch time of 

63.8 sec at a gradient of 6 V/cm and electrophoresis run time of 18 h. Results of PFGE profiles were visualized under 

UV after staining with ethidium bromide (10 µg/mL). Then, the gels were de-stained with 500 mL of deionized water 

for 30 min. The pulsotypes (PFPs) were recorded digitally using Kodak Gel Logic 200 Imaging System and 

documented as TIFF files. The normalization process is carried out with the standard strain of S. Braenderup H9812 in 

each gel. Band sizes were calculated by comparing them with the standard strains. 

Genomic DNA isolation, PCR-RFLP, invA, spvC, 16S rRNA gene amplifications and sequencing 

Salmonella DNA was extracted with CTAB method as described by Wilson [37]. PCR was performed using a primer 

set targeted to region 16S rRNA of Salmonella genome as described by Lagatolla et al. [38] for RFLP. All isolates 

were examined for the presence of genes encoding virulence (spvC) and invasion (invA). Table 1 shows the primers 

used for PCR amplification of genes. PCR amplifications were performed in a ThermoCycler (Techne TC-512, 

Staffordshire, UK) in 0.2 mL reaction tubes each with 50 µL reaction mixtures composed of the primer 0.2 µmol/L 

(Ella Biotech GmbH, Martinsried, Germany), 0.25 mmol/L dNTP mix (Thermo Scientific, USA), 1 X reaction buffer, 

2 mmol/L MgCl2, 0.025 U/mL Taq polymerase (Thermo Scientific, USA) and 1 µL extracted DNA. 

16S rRNA PCR amplicons were enzymatically digested with five restriction enzymes including AluI, BglI, 

HindIII, EcoRI, BgIII (Thermo Scientific, USA) according to instructions of the manufacturer. A 100 bp marker 

(Thermo Scientific, USA) was used as a molecular weight standard. The digested DNA materials were run on 2% 

agarose gel electrophoresis. 

Sizes of 16S rRNA amplicons were verified by sequence analysis by MEDSANTEK, a biotechnology 

company. The sequences were checked on BLAST for homology (data not shown). 

Statistical analysis 

Digital images, obtained from PFGE assay, were analyzed using NTSYSpc software (Numerical taxonomy and 

multivariate analysis system, version 2.2, State University of New York, Stony Brook, New York, USA). Cluster 

analysis of the Dice similarity co-efficient was based on the unweighted pair group method with arithmetic averages 

(UPGMA) and at the end of the analysis the dendrogram was generated to describe the relationship among isolates 

[37–40]. 

 

Result and discussion 
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All tested strains were typed using different molecular methods for the purpose of obtaining a common molecular 

profile. First of all, 34 isolates of Salmonella spp. and other Gram-negative strains which were identified with 

biochemical methods handled to obtain their genotypes by PFGE using XbaI as macro-restriction enzyme (Figure 1 

(A), (B) and (C)). Cluster analysis of the PFGE profiles sub-typed all the 38 strains into 20 different PFPs according 

to sizes from 1,135 kb to 2kb. The similarity levels in two main clusters (A and B) ranged from 35-100%. A minor 

cluster (10,5% of all isolates) was obtained by considering homology of about 45% and the isolates numbered as IS2, 

IS46, IS73 and IS174 were classified in this minor group. All the other isolates (out of these 4 isolates) were included 

in a major cluster B (89,5% of all isolates), which was subdivided into six subgroups (Figure 2). Four groups of 

strains: the first group (IS53, IS58), the second group (IS80, IS81, IS83), the third group (IS96, IS97) and the fourth 

group (IS117, IS124) had the same band patterns and these strains showed that the pattern was 100% identical with 

others according to the PFGE profile. The genetic relation of the PFGE profiles with Salmonella spp. and the other 

Gram-negative strains were only found in clusters B2, B3 and B4. Surprisingly, Proteus mirabilis strain (IS96) had 

100% similarity ratio with S. enterica (IS97). Citrobacter murliniae (IS23), P. mirabilis (IS96), P. mirabilis (IS98) 

and E. coli (IS148) strains had 45%, 81%, 67% and 63% similarity ratio with other S. enterica strains, respectively. It 

is possible to see that the genetic variability among Salmonella strains and other Gram-negative strains is due to 

harbouring linear plasmids and transposones, which can be integrated into chromosome by horizontal gene transfer 

between the strains in the same environment. This causes a difference in the fragment patterns and chromosomal 

diversity among the strains. 

All identified isolates were subjected to an analysis of PCR-RFLP of the 16S rRNA genes, while several 

restriction endonucleases were separately used to digest the PCR products. The genotyping pattern of strains with 

enzymes including AluI, BglI, HindIII, EcoRI and BgIII (Thermo Scientific, USA) demonstrated that they can be 

classified into two main groups. PFGE-based assay segregated the most of the strains into different clusters, PCR-

RFLP grouped these strains into a single cluster and produced 9 different restriction patterns. Although these strains 

displayed genetic variations in their PFGE subtypes, the PCR-RFLP patterns showed an identity among them. The 

similarity level in two main branches ranged from 46-100% according to cluster analysis of PCR-RFLP profiles. 95% 

of isolates showed 70% similar homology in major cluster C and 5% of the isolates in minor cluster D showed lower 

similarity. This minor cluster was comprised by P. mirabilis strains which had 46% similarity ratio with S. enterica 

strains. E. coli (IS148) and Citrobacter murliniae (IS23) had 70% similarity and 94% ratio with S. enterica strains, 

respectively (Figure 3). Since it is fast, accurate and economical, PCR-RFLP could be an alternative approach for 

serotyping of Salmonella spp. Certain researchers used this method on different genes using different restriction 

endonuclease enzymes and they obtained different results [41]. Sumithra et al. [42] used RFLP to analyse the typing 

and according to their results, PCR-RFLP was used with four endonucleases which digested 16S rRNA, fliC and fimH 

genes. This gave a good typing result but had a low discriminatory power. PCR- RFLP assay using the fliC/fljB genes 

(encoding phase-1 and phase-2 flagellin of Salmonella enterica) and two restriction endonucleases (MboI, HhaI) 

showed that PCR-RFLP was not able to differentiate Salmonella serotypes [43]. They demonstrated that the PCR-

based RFLP test could not take a place of serotyping assay. Zaki et al. [44] studied on the nine Salmonella isolates for 

the purpose of discrimination through PCR-RFLP by using 16S and 23S rRNA genes. They showed significant 

discrimination between the studied isolates at the genus level. And also, they proved that 23S rRNA PCR-RFLP was 

more discriminative than 16S rRNA PCR-RFLP. Importantly, the discriminatory power of the method also depends 

on the type of restriction endonuclease and the chosen gene [45]. Our results demonstrated that PCR-RFLP using 

AluI, BglI, HindIII, EcoRI, BgIII restriction endonucleases and 16S rRNA gene didn’t have enough discriminatory 

power for this study. 

In order to confirm Salmonella strains and prove virulence of the food borne strains, the prevalence of 

invasion (invA) and virulence (spvC) genes were determined by conventional PCR. The invA gene was detected in all 

Salmonella isolates (94%) with the exception of two of them (IS124 and IS128) (Table 2). Some studies reported the 

detection of this gene in all tested Salmonella spp. isolates [46–55]. On the other side, Moussa et al. [56] and Maysa 

and Abd-Elall [57] couldn’t find invA gene in all isolates, same as our study. InvA gene was found in 47.3% and 50% 

in S. Enteritidis and S. Typhimurium, respectively [56], and 50% in S. Newport [57]. According to some researchers, 

detection of Salmonella by invA PCR is an international standard procedure because the gene is genus-specific gene 

and the technique has some advantages such as being simple, inexpensive and rapid. However, it is possible that 

mutations occur in invasion genes in the chromosome of wild-type Salmonella strains and therefore, we certainly 

cannot say that invA negative strain is not Salmonella.  

The spvC gene was detected on 11% of S. enterica isolates (Table 2). Das et al. [50] amplified spvC gene in 

42.85% of food-borne Salmonella isolates. Osman et al. [53] found spvC gene in 27.8% of Salmonella strains, isolated 

from chicken. None of all 37 Salmonella isolated from pork and slaughterhouse by Chaudhary et al. [54] possessed 

the spvC gene. This variable state suggested that the prevalence of Salmonella virulence plasmids is restricted within 

the isolates of some defined origin of sources. It seems that spvC cannot be used for identification of all Salmonella 

strains. 
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We also detected invA gene in C. murliniae (IS23), P. mirabilis (IS96, IS98) and E. coli (IS148) strains. 

Studies on the detection of invA gene showed that the gene has not been found in Klebsiella pneumoniae, Shigella sp., 

E. coli, Citrobacter freundii and Proteusmirabilis sp. [46,48,58]. Bacterial type III secretion systems evolved by 

multiple horizontal transfer systems [59] and invA is a prominent inner membrane component of Salmonella type III 

secretion system (T3SS) apparatus [60]. These lateral transfers have effectively changed the pathogenic characters of 

bacterial species [61]. Unlike the mentioned studies, in this study, the detection of invA for E. coli, Citrobacter 

murliniae and Proteus mirabilisis is evidence of horizontal gene transfer between members of the Enterobacteriaceae 

family. 

 

Conclusions 

Salmonella, an important food pathogen, infects millions of people every year, causing significant health problems 

and economic losses. Therefore, researchers have high-accuracy results, especially while examining the food and the 

food sources in terms of the pathogen aspect, which directly affects the health of many people and animals. For 

detection of such pathogens, it is often desirable to perform a rapid analysis by using molecular techniques. In this 

study, we used four molecular techniques, which are widely used in the investigation of salmonella pathogenesis. 

With the aim of increasing the safety of our results, these studies were conducted with salmonella strains, which are 

food isolates. To the best of our knowledge, this is the first report comparing these four commonly used typing 

methods. It is possible to say that the XbaI-PFGE technique identifies Salmonella isolates more successfully than the 

other three molecular techniques. However, PFGE is not sufficient enough to characterise Salmonella because it 

cannot be performed at serotyping level. In conclusion, the complexity and diversity of Salmonella serovars present a 

significant challenge to molecular approaches. With the recent improvement in sequencing technologies, full genome 

sequencing could be developed into a promising molecular approach to serotype Salmonella. The technology can be a 

major benefit in public health specifically for rapid diagnosis, epidemiological investigations, ideal vaccine, 

development of treatment and prophylactic strategies for salmonellosis in the near future. 
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Figure and table captions 

 

Figure 1. PFGE patterns of XbaI-digested genomic DNA of strains (A, B and C).  

Note: M: marker; Br: S. Braenderup H9812 

 

 

Figure 2. PFGE dendrogram obtained by unweighted pair group method using average linkage of dice correlation 

coefficients. 

Note: * Citrobacter murliniae; ** Proteus mirabilis; *** E. coli 

 

Figure 3. PCR-RFLP dendrogram obtained by unweighted pair group method using average linkage of dice 

correlation coefficients.  

Note: * Citrobacter murliniae; ** Proteus mirabilis; *** E. coli 
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Table 1. Polymerase chain reaction primers 

 

 

Primer Oligonucleotide sequence Product           

length 

 Reference 

16S rRNA 5’ AGAGTTTGATCCTGGCTCAG 3’ (Forward) 

5’ CCGTCAATTCCTTTGAGTTT 3’ (Reverse) 

920 bp [62] 

spvC 5’ CGGAAATACCATCTACAAATA 3’ (Forward) 

5’ CCCAAACCCATACTTACTCTG 3’ (Reverse) 

669 bp [63] 

invA 5’ TTGTTACGGCTATTTTGACCA 3’ (Forward) 

5’ CTGACTGCTACCTTGCTGATG 3’ (Reverse) 

521 bp [64] 
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Table 2. Salmonella strains used in this study, their sequence analysis and presence of inva, spvc 

Strain 

No 

Strains determined with 

biochemical methods 

16S rRNA sequence results Presence of invA and spvC 

genes 

IS2 Salmonella spp. S. enterica subsp enterica invA 

IS4 Salmonella spp. S. enterica subsp enterica invA 

IS6 Salmonella spp. S. enterica subsp enterica invA 

IS20 Salmonella spp. S. enterica subsp enterica invA 

IS23 Salmonella spp. Citrobacter murliniae invA 

IS46 Salmonella spp. S. enterica subsp enterica invA 

IS52 Salmonella spp. S. enterica subsp enterica invA 

IS53 Salmonella spp. S. enterica subsp enterica invA 

IS58 Salmonella spp. S. enterica subsp enterica invA 

IS63 Salmonella spp. S. enterica subsp enterica invA, spvC 

IS64 Salmonella spp. S. enterica subsp enterica invA 

IS69 Salmonella spp. S. enterica subsp enterica invA, spvC 

IS72 Salmonella spp. S. enterica subsp enterica invA 

IS73 Salmonella spp. S. enterica subsp enterica invA 

IS80 Salmonella spp. S. enterica subsp enterica invA 

IS81 Salmonella spp. S. enterica subsp enterica invA 

IS83 Salmonella spp. S. enterica subsp enterica invA 

IS89 Salmonella spp. S. enterica subsp enterica invA, spvC 

IS91 Salmonella spp. S. enterica subsp enterica invA 

IS96 Salmonella spp. Proteus mirabilis invA 

IS97 Salmonella spp. S. enterica subsp enterica invA 

IS98 Salmonella spp. Proteus mirabilis invA 

IS100 Salmonella spp. S. enterica subsp enterica invA 

IS101 Salmonella spp. S. enterica subsp enterica invA 

IS104 Salmonella spp. S. enterica subsp enterica invA 

IS112 Salmonella spp. S. enterica subsp enterica invA 

IS117 Salmonella spp. S. enterica subsp enterica invA 

IS124 Salmonella spp. S. enterica subsp enterica None 

IS128 Salmonella spp. S. enterica subsp enterica None 

IS134 Salmonella spp. S. enterica subsp enterica invA 

IS135 Salmonella spp. S. enterica subsp enterica invA 

IS137 Salmonella spp. S. enterica subsp enterica invA 

IS141 Salmonella spp. S. enterica subsp enterica invA 

IS148 Salmonella spp. Escherichia coli invA 

IS162 Salmonella spp. S. enterica subsp enterica invA 

IS163 Salmonella spp. S. enterica subsp enterica invA 

IS174 Salmonella spp. S. enterica subsp enterica invA 

IS177 Salmonella spp. S. enterica subsp enterica invA, spvC 
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