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Abstract
Objectives: Gastrointestinal tract infection is still one of the serious public
health problems in many geographic areas and is endemic in most countries
including Iran. Early detection of the gastrointestinal tract pathogens can be
extremely important. The aim of the current study was to apply a shortened
time-multiplex polymerase chain reaction (PCR) for rapid and simultaneous
detection of Salmonella spp., Shigella spp., and Vibrio cholera.
Methods: The standard and clinical strains of Salmonella spp., Shigella spp., and
V. cholerae were used in the assay. Multiplex PCR was performed and optimized
based on amplification of invA, putative integrase, and ompW genes for
detecting Salmonella spp., Shigella spp., and V. cholerae, respectively. The
specificity of the assay was evaluated by testing 12 different bacterial species.
Results: Only Salmonella spp., Shigella spp., and V. cholerae strains had positive
results when subjected to the assay using multiplex PCR. The assay showed a high
sensitivity, and no amplification products were observed in multiplex PCR with
any of the other microorganisms.
Conclusion: Our study indicated that the invA, putative integrase, and ompW-
based multiplex PCR assay appears to be an efficient method for rapid and
simultaneous detection of Salmonella spp., Shigella spp., and V. cholerae.
1. Introduction

Worldwide, gastrointestinal tract infections are the

second most important cause of death; about 25 million
r).

ase Control and Prevention.
reativecommons.org/licens
enteric infections occur each year. These infections cause

significant morbidity and death in children younger than

5 years in particular and in elderly people. It has been

estimated that 4e6million children die each year because
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of diarrheal diseases, particularly in the developing

countries [1]. Numerous outbreaks of diarrheal illness

caused by various microorganisms have been reported.

Microorganisms such as Shigella, Salmonella, Vibrio,

Escherichia coli, Campylobacter jejuni, Giardia lamblia,

Cryptosporidium, and Rotaviruses have been reported to

be the most important causes of diarrheal outbreaks. Sal-

monella spp., Shigella spp., and V. cholerae are the most

important bacterial causes of diarrhea in Iran [2e5].

The diseases caused by all of these microorganisms

could be serious, resulting in death. V. cholerae causes

cholera, a disease with endemic or pandemic potential

characterized by watery diarrhea and vomiting, leading

to severe and rapidly progressing dehydration and shock

[6]. The symptoms are caused by cholera toxin, which is

produced by pathogenic strains of V. cholerae. Many

efforts have been made to introduce a more effective

vaccine, but many researches have shown that the

vaccination has no role for cholera; however, new oral

vaccines are displaying egregious promise [7].

Shigellosis and salmonellosis are caused by Shigella

spp. and Salmonella spp., respectively. These organisms

are likely to be the common cause of diarrhea world-

wide. Shigella spp. are the causative agents of inflam-

matory diarrhea and dysentery, thus presenting a serious

challenge to public health authorities worldwide [5].

Although shigellosis has no known animal reservoirs,

we are still lacking an effective vaccine owing to poor

immune responses to oral vaccines and existence of

multiple serotypes [8].

Unlike Shigella, Salmonella spp. (except Salmonella

enterica subspecies Typhi) are found in many animals.

Thus, salmonellosis is well recognized as zoonosis dis-

ease [9]. The prevalence of Salmonella infection varies

depending on the waste disposal, water supply, food

preparation practices, and climate. Gastroenteritis is the

most common disease among children caused by Sal-

monella [5].
Table 1. Bacterial strains included in this study, and perform

Shigella, and Vibrio cholera.

Strains R

Salmonella serovar Albany AT

Salmonella serovar Enteritidis AT

Salmonella serovar Hadar AT

Salmonella serovar Reading AT

Salmonella serovar Typhi AT

Salmonella serovar Typhimurium AT

Citrobacter freundii AT

Escherichia coli AT

Shigella flexneri PTC

Shigella soneii AT

Staphylococcus aureus PTC

Vibrio cholerae PTC

ATCC Z American Type Culture Collection (USA); bp Z base pair; PCR Z
(Iran).
The traditional methods for detection of bacterial

infections are still primarily based on culture and sero-

logical methods that may take several days to be

completed. There has been a general move toward mo-

lecular methods for microbial detection, which are based

less on phenotypic features and more on stable geno-

typic characteristics. In recent years, polymerase chain

reaction (PCR) and similar nucleotide-based methods

have become potentially powerful alternative ap-

proaches in microbiological diagnostics because of their

higher user-friendliness, rapidity, reproducibility, accu-

racy, and affordability. These methods have also gained

momentum in terms of use for rapid, specific, and sen-

sitive detection of foodborne pathogens [10e15].

Multiplex polymerase chain reaction is a variant of

PCR in which two or more loci are simultaneously

amplified in the same reaction [16]. This technique is a

powerful molecular method in microbiological di-

agnostics that allows the simultaneous amplification of

more than one target sequence in a single PCR reaction,

saving considerable time and effort, and decreasing the

number of reactions to be performed in order to assess

the possible presence of foodborne pathogens [16e18].

In this study, we describe a multiplex PCR assay for

the rapid and simultaneous detection of Salmonella spp.,

Shigella spp., and Vibrio cholera.
2. Materials and methods

2.1. Bacterial strains
The bacterial strains were obtained from the Pasteur

Institute, Tehran, Iran and used in this study (Table 1).

Clinical isolates of the three most important foodborne

bacterial pathogens including Salmonella and Shigella

were obtained from patients admitted to Children’s

Medical Center and Baqiyatallah Hospitals in Tehran,

Iran, during 2012e2014. Subsequently, identification of
ance of the multiplex PCR assay for detecting Salmonella,

eference Multiplex PCR results

CC 51960 þ
CC 4931 þ
CC 51956 þ
CC 6967 þ
CC 19430 þ
CC 14028 þ
CC 8090 �
CC 25922 �
C 1234 þ
CC 9290 þ
C 1189 �
C 1611 þ
polymerase chain reaction; PTCC Z Persian Type Culture Collection
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the references and clinical strains was confirmed by

culture, biochemical testing by the API test system

(BioMérieux, Marcy-l’Étoile, France), and slide agglu-

tination with serovar specific antisera (Staten Serum

Institute, Copenhagen, Denmark). V. cholerae isolates

were provided by the Molecular Biology Research

Center affiliated to Baqiyatallah Hospital.

All bacterial strains were grown either on Brain Heart

Infusion (BHI; Difco Laboratories, Detroit, MI, USA) or

LuriaeBertani (LB) broth (Merck, Darmstadt, Ger-

many) at 37�C for 18e24 hours.

2.2. DNA extraction
Genomic DNAs from all microorganisms were

extracted using the DNA extraction kit (DNP, DNA

Extraction Kit; Cinagene Company, Tehran, Iran) ac-

cording to the manufacturer’s instructions. DNA con-

centration and purity were spectrophotometrically

assessed by reading A260 and A280 and confirmed by

visualization on 1% agarose gel. Then, DNA was diluted

to 1 mg/mL in nuclease-free water and stored at e20�C
until required for analysis.

2.3. Primers and multiplex PCR conditions
The AlleleID software version 7.01 (Premier Biosoft

Int., Palo Alto, CA, USA) was used for all oligonucle-

otide primers designed in this study. All primers were

purchased from Bioneer (Daejeon, South Korea). The in

silico specificity was analyzed using the Basic Local

Alignment Search Tool (BLAST) from the GenBank

database. The characteristics of the primers used for

multiplex PCR are given in Table 2.

PCR was carried out with a 50-mL mixture containing

10mM TriseHCl (pH 8.3), 50mM.

In this study, we used KCl, 1.5mM MgCl2, 1 U of

Taq DNA polymerase (Promega, Madison, WI, USA),

0.2mM deoxynucleoside triphosphate, a 0.1mM con-

centration of each primers, and 5 mL of the DNA

sample.

Multiplex PCR was performed under the following

conditions: 35 cycles with heat denaturation at 95�C for

30 seconds, primer annealing at 60�C for 30 seconds,

and DNA extension at 72�C for 60 seconds in Eppendorf

gradient master cycler (Roche, Mannheim, Germany).
Table 2. Primers sequences used for amplification by multiplex

Primer name Sequence (50/30)

Vibrio-F

Vibrio-R

ATAATGGCTCACCAAGAAGG

TTAGAACTTATAACCACC
Shigella-F

Shigella -R

TCCGTCATGCTGGATGAACGATGT

ACAGTTCAGGATTGCCCGAGACACA

Salmonella-F

Salmonella-R

GTATTGTTGATTAATGACATCCG

ATATTACGCTACGGAAACACGTT

bp Z base pair; PCR Z polymerase chain reaction.
The amplified DNA was separated by 1% agarose gel

electrophoresis, stained with ethidium bromide, and

visualized by UV transilluminator.

2.4. Sensitivity and specificity
To determine the sensitivity of the multiplex PCR

assay, 10-fold serial dilutions were made from extracted

genomic DNA (498 ng/mL), and the detection limit

of the multiplex PCR was defined as the lowest con-

centration of DNA that could be amplified. The speci-

ficity of multiplex PCR was evaluated using three

species including Staphylococcus aureus PTCC (Persian

Type Culture Collection) 1189, E. coli ATCC (Amer-

ican Type Culture Collection) 25922, and Citrobacter

freundii ATCC 8090 as negative controls.
3. Results

The multiplex PCR using three sets of primer pairs

targeted for the invA, putative integrase, and ompW

genes, correctly identified Salmonella spp., Shigella

spp., and V. cholerae and differentiated them by the

different-size bands products: three positive bands,

which consist of invA (403 bp), putative integrase

(159 bp), and ompW (592 bp) PCR products (Figure 1).

No amplification products were observed in multiplex

PCR with any of the other microorganisms subjected to

the assay (Table 1). The sensitivity of the multiplex PCR

was assessed to be 5 ng/mL of the pure DNA.
4. Discussion

Salmonella spp., Shigella spp., and V. cholerae are

responsible for large numbers of intestinal infections

in humans worldwide. Molecular techniques, such as

multiplex PCR, are proving useful in detection of

pathogens in a wide spectrum of matrices [10,19]. This

technique enables us to identify these three pathogens

at one experiment, obviating the need for three

separate experiments. The use of multiplex PCR sub-

stantially reduces the time and manpower required

when compared with conventional methodologies. Here,
PCR.

Product (bp) Target Reference

592 ompW This study

159 Putative integrase Ranjbar et al [2]

403 invA This study



Figure 1. The multiplex PCR results. Lanes 2e4, uniplex

PCR of some representative strains of Vibrio cholera, Salmo-

nella spp., and Shigella spp., respectively. Lane 1, multiplex

PCR for the same three bacterial strains in a single PCR tube.

M Z molecular weight (100 bp DNA ladder); PCR Z poly-

merase chain reaction.
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we report a multiplex PCR assay for detection of Sal-

monella, Shigella, and V. cholerae based on invA,

ompW, and putative integrase genes, respectively. Pre-

vious studies indicated that these genes are conserved in

each species. Many studies noted that invA is a specific

and sensitive target for detection of Salmonella spp.

[20,21]. Also, the ompW gene has been previously used

for identification of V. cholerae, owing to its specificity

[22]. Furthermore, restriction fragment length poly-

morphism analysis and nucleotide sequence data have

shown that the ompW gene is highly conserved among

all V. cholerae biotypes, suggesting the ompW gene can

be considered a good target for the specific identification

of V. cholerae strains [23].

Unlike the above-mentioned species, Shigella ge-

nomes have a high level of similarity with the E. coli

genome; hence, the whole sequences of Shigella dys-

enteriae, Shigella boydii, Shigella flexneri, and Shigella

sonnei have w3 Mb of genomic DNA in common with

all sequenced E. coli genomes [24]. However, based on

the comparative genomic analysis, a specific target

known as putative integrase locus, conserved in all

Shigella species, was subjected to identification of

Shigella species. Hence, Shigella-specific primers were

designed based on putative integrase locus. The results

also showed that this locus is a suitable target for spe-

cific identification of Shigella species.

In many research studies, multiplex PCR has been

applied for rapid identification of diarrheal agents

[25,26]. All of these studies noted that multiplex PCR is

a reliable, useful, and cost-effective assay, which is

consistent with our results. Jin et al [27] studied food-

borne pathogenic bacteria including C. jejuni, Shigella,

Salmonella, Vibrio parahaemolyticus, S. aureus, E. coli

O157:H7, and several other bacterial species and

showed that multiplex PCR is time-saving assay in

comparison with conventional PCR. Furthermore, Pan-

iagua et al [28], who described the detection of different

foodborne pathogens by multiplex PCR, noted that this
method could be useful for quick detection of foodborne

pathogens.

There are inconsistent reports about the sensitivity of

multiplex PCR. According to Tsai et al [29], the sensi-

tivity of multiplex PCR is considerably lower than that

of monoplex PCR because of the primers’ interference,

so that it can be decreased several times compared with

conventional PCR. However, Al-Talib et al [30] showed

that multiplex PCR has a high level of sensitivity, and it

might be useful as an alternative diagnostic tool for

diarrheal diseases. In our study, a high level of sensi-

tivity (5 ng/mL) was also observed. It appears that the

sensitivity of multiplex PCR is related to primer length

and can be enhanced by shortening the primers’ length.

However, this modification leads to low specificity.

The infections caused by enteric pathogens

comprise second commonest medical problems after

respiratory infectious disease [31,32]. Salmonella,

Shigella, and Vibrio are among the most prevalent and

endemic food and water- borne pathogens in Iran

[33e36]. Rapid and simultaneous detection of these

common bacteria in is extremely important to ensure

food and water safety. For this purpose, we developed

and successfully applied a multiplex PCR for the rapid

identification of Salmonella spp., Shigella spp., and V.

cholera. This technique decreases the test time of PCR.

This method is simple and rapid, and the results ob-

tained proved to be highly specific and sensitive and

can be expanded to additional species. Moreover,

multiplex PCR may provide an epidemiological tool to

investigate the wide spread of diarrheagenic pathogens

in various areas worldwide.
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