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The accurate and rapid identification of bacteria in the enteric tract is necessary for early treatment. In 
this study, we describeD a novel system which consists of a multiplex polymerase chain reaction (PCR) 
to simultaneously identify a group of six Enterobacteriaceae members including Escherichia coli, 
Klebsiella pneumoniae, Proteus mirabilis, Citrobacter spp., Enterobacter cloacae and Salmonella typhi. 
Genus and species specific primers were designed for this group of pathogens and conventional 
multiplex PCR and SYBR green based real time PCR assays were performed to detect these pathogens. 
All the samples were analysed with a eubacterial real-time PCR assay that enables detection of bacterial 
DNA and then detection of the organisms was determined using genus and species specific PCR 
assays. This assay was evaluated using clinical specimens and was found to be quite sensitive and 
specific. Their PCR results matched with the conventional culture identifications. The conventional and 
SYBR green real time multiplex PCR assays takes only 3 h to be performed and has the potential to 
replace the conventional culture technique and thus can speed up the treatment process. This 
technique has the potential to be a valuable diagnostic tool for simultaneous identification of E. coli, K. 
pneumoniae, P. mirabilis, Citrobacter spp., E. cloacae and S. typhi.  
 
Key words: Multiplex real time PCR, Enterobacteriaceae, Escherichia coli, Klebsiella pneumoniae, Proteus 
mirabilis, Citrobacter spp., Enterobacter cloacae, Salmonella typhi. 

 
 
INTRODUCTION 
 
Enterobacteriaceae is a family of gram-negative bacilli 
that contains more than 100 species of bacteria that 
normally inhabit the intestines of humans and animals. 
They are referred to as coliforms when they are part of 
the normal intestinal flora. Various species of the 
Enterobacteriaceae are pathogenic and cause 
pneumonia and urinary tract infections. They are also 
recognized as the major cause  of  wound  infections  and 
other nosocomial (hospital acquired) infections. They 
may  also  cause  bacteremia and meningitis if conditions 
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Abbreviations: BLAST, Basic local alignment search toolp; bp, 
base pairs; dNTP, deoxynucleotide triphosphate; EDTA, 
ethylenediaminetetra-acetic acid; Rpm, revolutions per minute; 
Taq, Thermus aquaticus; TAE, tris-acetate EDTA; TE, tris-
EDTA; Tm, melting temperature; UV, ultra violet; mM,  milli 
molar; nM, nano molar. 

are suitable. These bacteria are estimated to be 
responsible for approximately 100,000 deaths each year 
in the US and account for about half of all the clinically 
significant bacteria isolated by hospital laboratories. They 
succumb to relatively low concentrations of common 
disinfection methods, including chlorination, but their 
susceptibility to antibiotics varies and they are now 
frequently resistant. However, freezing does not destroy 
them whether in nature, or in frozen foods contaminated 
with the bacteria. The dissemination of acquired metallo–
β-lactamases (MBLs) in members of this family is 
regarded as an emerging clinical threat. MBL-producing 
Enterobacteriaceae can cause severe, often fatal 
infection in severely ill patients (Souli et al., 2008). 
Studies show that they composed the vast majority of 
aerobic or facultatively anaerobic gram negative bacilli 
isolated from intra-abdominal infections, with Escherichia 
coli being the most commonly isolated species (Rossi et 
al., 2006). Enterobacter is considered to be a pathogenic 
microorganism.  The  most notable species of this genus 



 
 
 
 
that are considered to be pathogenic are Enterobacter 

cloacae, Enterobacter aerogenes and Enterobacter 

agglomerans. These pathogens can cause wound, 

peritoneum, intestines, respiratory tract and urinary tract 
infection, and bacteremia. Enterobacter spp. is among 
the most common gram-negative pathogens associated 
with hospital infections, representing 6% of all nosocomial 
isolates recovered and 11% of pneumonia isolates (Ye et 
al., 2006).  

Blood-stream infections due to second and third-
generation cephalosporin–resistant Enterobacter spp and 
Citrobacter freundii were associated with a higher rate of in-
hospital mortality than strains of these organisms that 
were susceptible to these antimicrobials (Deal et al., 2007).  

Although catheter-related bacteremia caused by gram-
negative organisms is less common than that caused by 
gram-positive organisms, the complexity of its management 
warrants its study. Enterobacter and Klebsiella species 

were the leading gram-negative organisms causing 

catheter-related bacteremia in patients with cancer 
(Hanna et al., 2004). 

Thus, infections by Enterobacteriaceae are to be consi-
dered seriously. Accurate and rapid identification of the 
organism is crucial for early treatment. The majority of 
plasmid mediated resistance genes are found in 

nosocomial Enterobacteriaceae such as E. coli and 
Klebsiella pneumoniae (Bauernfeind et al., 1996; Bou et 
al., 2000; Bradford et al., 1997). Some of the enteric 
bacteria such as Salmonella species can be responsible 
for increased health hazards. Salmonella typhi is a facul-
tative intracellular pathogen which causes the 

Salmonellosis in humans and animals and is also the 

causative agent of human typhoid fever, a worldwide 
problem with over 30 million cases annually (Groisman et 
al., 1989). 

The spread of new resistant determinants among 
nosocomial pathogens represents a worldwide problem. 
There are reports on the production of a type of β-
lactamases in the members of Enterobacteriaceae, 
including Serratia marcescens, C. freundii and 
Enterobacter cloacae isolates from far east Asia 
(Nordmann and Poirel, 2002; Yan et al., 2002; Yum et al., 
2002) and another type of β-lactamases in E. coli and K. 
pneumoniae isolates from Greece (Giakkoupi et al., 
2003; Miriagou et al., 2003). Therefore, these pathogenic 
bacteria with drug resistance are a real threat. Due to the 
limitations in the culture methodologies, precise diagnosis 
of these organisms in the clinical settings is difficult. In 
addition, conventional culture methods are time 
consuming and usually underestimate the members. 

The development of polymerase chain reaction (PCR) 
assays has the potential to solve these problems. PCR is a 

rapid in-vitro procedure for enzymatic amplification of 
specific DNA sequences which increases the number of 
copies of the target sequence. This allows increased 
sensitivity of detection of a DNA sequence present in 
trace amounts in mixed populations (Ou et al., 1988; 
Saiki et al., 1988, 1985). 
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The aim of this study was to facilitate a more rapid 
detection of bacterial pathogens of hospitalised patients. 
This would allow earlier appropriate antimicrobial therapy 
and may improve the prognosis of the patients. A 
conventional and SYBR green based PCR assays were 
done in 2 sets to identify a total of 6 Enterobacteriaceae 
clinical pathogens. The organisms identified are E. coli, 
K. pneumoniae, Proteus mirabilis, Citrobacter spp., E. 
cloacae and S. typhi. 
 
 
MATERIALS AND METHODS 

 
Bacterial strains 

  
A total of six strains which are most commonly reported to be 
pathogens in a tertiary hospital in Kuala Lumpur were used in the 
study. They are E. coli, K. pneumoniae, P. mirabilis, Citrobacter spp., 
E. cloacae and S. typhi. All the bacteria were cultured on Luria-
Bertani (LB) agar (Difco, France) and in LB broth at 37°C for 24 h. 

 
 
Genomic DNA extraction 

 
Genomic DNA was extracted using modifications from the Epicentre 
Masterpure DNA purification kit (Madison, WI, USA). Bacteria were 
grown overnight in broth (3 ml) and were centrifuged and washed in 
(TE). After this, about 150 µl of 2× lysis buffer and 1 µl of 
Proteinase K

+
 (50 µg/µl) were added and incubated at 65°C until 

the lysate cleared. Samples were then placed on ice for 10 min and 
200 µl of MasterPure™ Complete (MPC) protein precipitation 
solution was added to the samples and centrifuged at 13,000 rpm 
at room temperature for 10 min. The supernatant was then 
precipitated with 600 µl of isopropanol and the pellet was washed 
twice with 70% ethanol and then resuspended in 200 µl of TE with 
pH 8.0. The concentration of DNA was measured using a 
nanophotometer (Implen, Germany). DNA was stored at -20°C until 
used for PCR amplification. 

 
 
Oligonucleotide primer selection 

 
The target genes for the six organisms, their oligonucleotide 
primers and the amplicon sizes for each pathogen are shown in 
Table 1. All the primers were selected from public database and 
synthesized by a commercial institution, Proligo, Singapore. The 
primers were checked for specificity in a BLAST search available 
through the National Centre for Biotechnology Information website 
(www.ncbi.nlm.nih.gov). The primers were tested in singleplex PCR 
amplification before being used in the multiplex assay. 
 
 

Conventional multiplex PCR assay 

  
The conventional multiplex PCR assay was carried out in groups of 
three organisms in two sets because the amplicon size of the 6 
genes chosen would not allow their detection in a single multiplex 
reaction. The first set had E. coli, P. mirabilis and S. typhi. The 
second set consists of K. pneumoniae, Citrobacter spp. and E. 

cloacae. The assay was optimized using varying concentrations of 
primers dNTPs (5 - 10 mM), MgCl2 (1.5 - 4.0 mM). Different 
experiments were performed for each concentration in a single PCR 
tube in order to obtain the best concentration of primers. The final 

PCR amplification reaction mixture contained 5.0 mM PCR buffer, 
8.3 mM MgCl2, 200 nM dNTP (MBI Fermentas, Vilnius, Lithuania), 
0.3 µM   of   each   primer   pair,   2 units  of  Taq  DNA  polymerase  



1188          Afr. J. Microbiol. Res. 
 
 
 

Table 1. Oligonucleotide primers used for conventional and SYBR green based real time multiplex PCR amplification.  
 

Bacterial strains Target gene Primer set Ampliconsize (bp) 

E. coli uidA  
Forward : 5’- CTG GTA TCA GCG CGA AGT CT-3’  

Reverse  : 5’-  AGC GGG TAG ATA TCA CAC TC-3’  
556 

K. pneumoniae ntrA  
Forward:   5’- CAT CTC GAT CTG CTG GCC AA-3’ 

Reverse:    5’- GCG CGG ATC CAG CGA TTG GA-3’ 
90 

Proteus mirabilis tuf  
Forward: 5’- TCT ACT TCA CAC GTA G-3’ 

Reverse: 5’-  TTC TAA CAG CTC TTC A-3’ 
240 

Salmonella typhi viaB  
Forward: 5’- GTT GCA GTA GGA CAT CAG-3’ 

Reverse: 5’- GTC CGT AGT TCT TCG TAA G-3’ 
157 

E. cloacae atpd  
Forward: 5’- CGA GAG CCT GUT GCT G-3’ 

Reverse: 5’- GAT TGG CTG ACC CAA T-3’ 
180 

Citrobacter spp 16s rRNA  
Forward: 5’- GCT CAA CCT GGG AAC TGC ATC CGA-3’ 

Reverse: 5’- AGT TCC GGC CTA ACC GCT GGC AA-3’ 
529 

 
 
 
(MBI Fermentas) and 3 µl of DNA template in a final volume of 50 µl 
in a single tube for 3 organisms. The PCR amplification was 
performed with MyCyler Thermocycler (BioRad Laboratories, 
Hercules, CA) with the following PCR temperature cycling 
parameters: Initial denaturation at 95°C for 10 min followed by 35 
cycles of denaturation at 95°C for 45 s; Primer annealing at 58°C 
for 45 s, primer extension at 72°C for 1 min and 30 s and the final 
extension at 72°C for 10 min. In each test, a negative control 

without the addition of the DNA template was used. All samples 
were also tested with an in-house developed eubacterial PCR (not 
shown). The primers were designed for eubacterial 16SrRNA gene 
with the forward primer sequence of 5’- 
CCTAACACATGCAAGTCGA –3’and the reverse sequence of 5’- 
CCTCTCAGACCAGTTA- 3’ and their amplicon size was 225 bp. 
 
 
Detection of amplified DNA 

 
10 µl of the amplified product was evaluated for the expected 
product by electrophoresis on 2% agarose gel with Ethidium 
Bromide in 1× Tris-acetate-EDTA (TAE) buffer with the final solute 
concentration of 40 mM Tris acetate and 1 mM EDTA. After 
electrophoresis, the gel was documented using the gel 
documentation system under UV. A 100 bp ladder was used as 
marker to indicate the size of the amplicons.  
 

 
SYBR – green real time PCR assay  
 
The iQ SYBR green supermix (BioRad, Hercules, CA) was used for 
the multiplex real time PCR assay. The reaction was optimized and 
was carried out in 2 sets of 3 organisms, each based on their Tm 
for the primers. If the Tm values are too close, they cannot be run in 
the same reaction as their melt peaks cannot be differentiated. The 

first set consists of Citrobacter spp., E. cloacae and S. typhi. The 
second set consists of E. coli, K. pneumoniae and P. mirabilis. 
Amplification reactions were performed in volumes of 25 µl with 
12.5 µl of SYBR green supermix, 1 µl of the primers (10 pmol) and 
3 µl of the template DNA and deionized water was used to make up 
the volume to 25 µl. The iCycler iQ real-time PCR detection system 
(BioRad) was programmed for 95°C for 10 min followed by 35 
repeats of 95°C for 45 s and 58°C for 45 s and then annealing 
temperature of 72°C for 10 min with the final holding temperature of 
4°C. Fluorescence was measured during the annealing step of 
each cycle. Singleplex real time assays were done prior to 

multiplexing for all the six genes in order to find their exact melt 
peaks. 
 
 

RESULTS 
 
Conventional PCR assay 
 
The conventional PCR was first carried out as a 
singleplex to show the different gene amplicon sizes of 
the six organisms. The banding patterns in the gel 
analysis are shown in Figure 1. The E. coli uidA gene 
amplicon has a size of 556 bp, Citrobacter spp., 16s 
rRNA gene amplicon is 529 bp, P. mirabilis tuf gene 
amplicon is 240 bp, E. cloacae atpd gene amplicon is 180 
bp, S. typhi viaB gene amplicon is 157 bp and the K. 
pneumoniae ntrA gene’s amplicon size is 90 bp. Then the 
conventional multiplex PCR was carried out in groups of 
3 organisms in 2 sets which showed distinct banding 
patterns in the gel analysis as it was not possible to carry 
out all six in a single reaction tube. This is shown in 
Figure 2. The uidA, tuf and viaB genes were amplified 
using their respective primers in the first set and they 
showed distinct bands in the regions corresponding to 
their molecular weight which is compared using the 100 
bp DNA ladder as a marker. The second set of the 
reaction tube amplified atpd, ntrA and 16S rRNA genes 
using their respective primers and they are observed as 
three distinct bands. 
 
 
SYBR green based PCR assay 
 
SYBR green real time PCR was first done as a singleplex 
and each of the six genes were amplified with their 
respective   primers   in   separate   reaction   tubes.  The 
amplification curves and the melt peaks for individual 
genes are shown in Figures 3a and b). The melt peaks 
for  K. pneumoniae is 84°C, for P. mirabilis it is at 85.5°C,  
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Figure 1. Electrophoretic banding patterns of 

the amplified products of the six genes by a 
singleplex PCR in a 2% agarose gel. Lane 1, E. 

coli uidA gene (556 bp); Lane 2, K. 

pneumoniae ntrA gene (90 bp); Lane 3, S. typhi 

viaB gene (157 bp); Lane 4, P. mirabilis tuf 
gene (240 bp). Lane 5, Enterobacter cloacae 

atpd gene (180 bp); Lane 6, Citrobacter spp 

16s rRNA gene (529 bp); Lane 7, Negative 
control (PCR product without the DNA 
template; Lane 8, 100 bp DNA ladder, the 
different sizes of the markers are shown on the 
right side of the gel picture. 
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Figure 2. Electrophoretic banding patterns of the 

amplified products of the six genes by multiplex PCR in 2 
sets as groups of 3 organisms in a 2% agarose gel. Lane 
1 and 2, Clinical isolates. The amplified products and 
their sizes are indicated in the left. Lane 3, 100 bp DNA 
ladder, the different sizes of the markers are shown on 
the right side of the gel picture. Lane 4, Negative control 
(PCR product without the DNA template).  

 
 
 
E. coli is at 88°C, S. typhi is at 81.5°C, E. cloacae melt 
peak is at 87.5°C and for Citrobacter spp., the melt peak 
was at 89°C.  Following this, the multiplex reaction was 
carried out in a group of 3 organisms in 2 sets and they 
were identified based on the melt curve analysis. Figures 
4a and b) shows the 2 sets of multiplex PCR assays with  
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Figure 3a. Amplifications from chromosomal DNA 

of all the six pathogens (listed in Table 1) as 
singleplex are shown. Chromosomal DNA (10 ng 
each) from the six pathogens were used as 
templates in the SYBR green PCR and their 

amplification profiles are represented. 
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Figure 3b. Melting peaks of the 6 genes (Table 1) 

in clinical pathogens. The primers were designed 
to detect the genes specific for each of the genus. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4a. Amplifications from chromosomal 
DNA of E. coli, K. pneumoniae and P. mirabilis 

genes in multiplex are shown. Chromosomal 

DNA (10 ng each) from the six pathogens were 
used as templates in the SYBR green PCR and 
their amplification profiles are represented. 
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Figure 4b. Melting peaks of the chromosomal DNA 
of E. coli, K. pneumoniae and P. mirabilis genes in 
clinical pathogens.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 5a. Amplifications from chromosomal DNA 
of S.typhi, E. cloacae and Citrobacter spp. genes in 

multiplex are shown. Chromosomal DNA (10 ng 
each) from the six pathogens were used as 

templates in the SYBR green PCR and their 

amplification profiles are represented. 
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Figure 5b. Melting peaks of the chromosomal DNA 

of S.typhi, E. cloacae and Citrobacter spp genes in 
clinical pathogens.  

 
 
 
 
amplification and melt curves. In the first set K. 
pneumoniae ntrA gene, P. mirabilis tuf gene and E. coli 
uidA genes were amplified with their respective primers in 
the single reaction tube and so single amplification curve 
was observed and the organisms were differentiated 
based on their melt peaks. The second set amplified S. 
typhi viaB, E. cloacae atpd, Citrobacter spp., 16S rRNA 
genes were amplified using their respective primer pairs 
and the organisms were differentiated based on their melt 
peaks (Figures 5a and b). 
 
 
DISCUSSION 
 
The aim of the present study was to develop a rapid and 
simple technique for the specific detection and 
identification of Enterobacteriaceae members in clinical 
specimens. Although the classical microbiological techni-
ques currently in use for Enterobacteriaceae detection 
and identification are satisfactory in most situations and 
remain necessary for drug susceptibility testing, more 
rapid tests may be useful in some specific situations. 
These include diagnosis in critically ill patients such as 
patients with burns, patients at risk for nosocomial 
pneumonia and patients at risk for chronic infections with 
Pseudomonas aeruginosa, for whom early diagnosis of 
initial colonization could be essential.  

Multiplex PCR based method for the identification of 
various organisms have been designed (Devos et al., 
1997; Way et al., 1993; Chia et al., 2005; Edel et al., 
2008; Lee et al., 2009; Tantawiwat et al., 2005). The 
present study was designed to simultaneously detect the 
most common Enterobacteriaceae members causing 
infections in hospital settings either in a single tube or in 
two separate tubes. This single assay can detect these 
pathogens with high specificity and sensitivity. The 
specificity of the multiplex PCR assay was determined 
with clinical samples and the results showed that the 
multiplex PCR yielded a detectable DNA fragment of 
expected molecular weight only in the presence of their 
respective DNA template and gave negative results when 
tested with other bacteria. The eventual non-specific 
reaction by related organisms is very unlikely since we 
confirmed this during our study. The sensitivity of the 
multiplex PCR assay with purified DNA was tested and 
was shown to be 1 ng for all the organisms which is 
considerably good. The reliability of the test is 
comparable to existing culture based techniques. DNA 
contamination was an unlikely explanation because all 
standard precautions of good laboratory practices were 
taken, as specific measures to avoid carryover 
contaminations, which in our case was never observed in 
negative controls (Kwok and Higuch, 1989). 

The major benefit of this study was the development of 
a PCR detection method for more than one bacterial 
species causing infections. It can be used as an 
alternative method for the routine microbiological analysis  



 
 
 
 
and the treatment can be fastened. Further studies can 
be done to design new primers specific for a wide range 
of pathogens whose early detection is beneficial for 
prognosis.  
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