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Background: Several epidemic and endemic cases have been reported involving Vibrio cholerae (V. cholerae) as a causative organism in 
serious diarrheal diseases with high mortality. Hence, quick identification of this microorganism is critical for health care communities.
Objectives: This investigation suggests an accurate, sensitive and rapid test to detect toxigenic and pathogenic species of V. cholerae 
simultaneously.
Materials and methods: The standard bacteriological tests were utilized to isolate V. cholerae from the clinical samples. A multiplex 
PCR assay was carried out with three separate primers designed for ctxA, toxR and ompU genes, which play basic roles in toxigenicity 
and pathogenicity. To investigate the specificity of the designed primers, the amplification statuses of Salmonella typhi (S. typhi), 
Shigella dysenteriae (S. dysenteriae) and Escherichia coli O157:H7, as common intestinal pathogens, were evaluated. In addition, different 
concentrations of V. cholerae genome were used for determining the test sensitivity.
Results: From the total of collected stool samples, 72 V. cholerae isolates were found and separated from the patients. All of them carried 
toxR and ompU genes, but ctxA gene was detected in only 61 isolates. The specificity and sensitivity of this test was 100%.
Conclusions: Obtained data demonstrated that the designed assay is an accurate, easy, rapid, and cost-effective tool for detecting V. 
cholerae that can serve as an alternate to current bacteriological tests.
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Implication for health policy/practice/research/medical education:
Quick detection of Vibrio cholerae is critical for health care communities and designed multiplex assay is an accurate, easy, rapid, and cost-effective tool 
for detecting V. cholerae.
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1. Background
Diarrheal diseases due to Vibrio cholerae are globally de-

scribed as one of the most serious problems in a healthy 
community, even in developed countries. According 
to WHO reports, more than 100,000 individuals die an-
nually due to cholera diarrhea (1). V. cholerae is a Gram-
negative comma-like bacterium. Although 72 species 
have been categorized in the Vibrio genus, three of them, 
named V. cholerae, V. parahaemoliticus and V. vulnificus, are 
the most common ones (2). Reports from the epidemic 
forms of cholera diarrhea, particularly in developing 
countries, showes that toxigenic V. cholerae with O1 or 
O139 sero-group is the main causative microorganism (3).

Cholera toxin, encoded by ctx gene, is a potent factor 
which induces intense dehydration and pathogenesis (4, 
5). Other virulence factors involved in the pathogenec-
ity of V. cholerae include tcp, ompU, and toxR genes (6). 
OmpU is the most significant outer membrane protein; it 
can adhere to intestinal epithelium, allowing the bacte-
ria to colonize (7). ToxR is an transcription activating fac-

tor that positively regulates expression of several virulent 
genes, including ctx and toxin co-regulated pilus (TCP) 
genes and accessory colonization factor (ACF) genes (5, 8, 
9). Early identification of this microorganism is essential 
for each health care community to alleviate the mortality 
rate. Diagnosis of V. cholerae using medical laboratories 
routine bacteriological methods is time-consuming. Fur-
thermore, trained and expert technicians are required 
to perform the detection processes correctly. Since these 
requirements are not available in some medical laborato-
ries, eliminating these problems with a quick and simple 
method is desirable (10, 11).

Molecular detection techniques based on PCR are fac-
ile and rapid tools with high sensitivity. Real-time PCR 
(12), loop-mediated isothermal amplification (13), PCR-
enzymed linked immunosorbant assay (14) and quadru-
plex real time PCR (15) are some examples of PCR based 
methods which have been designed by the researchers. 
Although the mentioned methods are more sensitive and 
specific than the conventional PCR, they are more expen-
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sive for the patients and occasionally require high level 
equipment. In resource-limited regions of the world, the 
majority of laboratories have little availability to perform 
the described methods due to lack of expert personnel 
and implement (16). However, the conventional PCR is 
only capable of detecting one gene in each reaction in 
addition to being time-consuming. To increase the speed, 
detection methods based on Multiplex PCR can be useful. 
Multiplex PCR provides the possibility of evaluating sev-
eral genes through one PCR reaction in a short time by 
designing different target-specific primers. This method 
is simple, fast and cost-saving and has the ability to test 
a large number of samples at the same time. Moreover, 
technicians can interpret the results easily (17).

2. Objectives
In this investigation, we designed an improved assay for 

quick diagnosis of toxigenic and pathogenic V. cholerae 
with high sensitivity and specificity.

3. Materials and Methods

3.1. Sample Collection
Stool samples were collected during epidemics be-

tween 2005 and 2010 from different patients in diverse 
provinces of Iran.

3.2. Vibrio cholerae Identification
To recognize clinical samples containing V. cholerae 

strains, the samples were enriched using alkaline pep-
tone water (Merck, Germany) and then cultured on 
thiosulfate-citrate-bile-sucrose agar (Merck, Germany). 
All the samples that produced yellow colonies were ana-
lyzed further using specific biochemical tests including 
oxidase testing, sucrose, mannose and arabinose fermen-
tation tests, motility status, indol test, methyl red Voges-
Proskauer test, and resistance to polymyxin B. Then the 
serogroups of clinical V. cholerae isolates were deter-
mined by their growth patterns on triple sugar iron agar 
slants (Merck, Germany) as well as the results of slide ag-
glutination test in the presence of polyvalent O1 and O139 
Inaba and Ogawa antisera (Mast Diagnostics Ltd., Bootle, 
Mersey side, UK) (18). Confirmed V. cholerae strains were 
stored in luria-Bertani (LB) broth (Merck, Germany) with 
30% glycerol and pearl glass at -80°C for further molecu-
lar assessments.

3.3. DNA Extraction
In order to perform the molecular experiment, 

screened isolates were cultured in LB broth for 24 hours 
at 37°C; then the DNA genome of each one was purified 
using a DNA extraction kit according to manufacturer’s 
instructions (Bionner Co, Korea). Quantity and quality of 
extracted DNA were analyzed using a NanoDrop instru-

ment (NanoDrop-1000, Wilmington, DE) and gel electro-
phoresis, respectively.

3.4. Designing of Primers
The sequences of ctxA, ToxR, and ompU genes of V. chol-

erae were obtained from Gene Bank, and their common 
areas were selected by Molecular Evolutionary Genetics 
Analysis 4 (MEGA4) software. To design the appropriate 
primers, allele ID and Gene Runner programs were ap-
plied. Finally, the specificity of each primer was investi-
gated by performing BLAST in NCBI website. All the prim-
ers were constructed by Cinna Clon Co., Iran, as shown in 
Table 1. 

Table 1. Primers Sequences Designed for ctxA, toxR and ompU 
Genes; F and R Indicate the Forward and Reverse Primers, 
Respectively

Target 
Gene

Primer Sequences 
5’ - 3’

Amplicon 
Size, bp

Source

Tox R-F 5´- CCTTCGATCCCCTA-
AGCAATAC -3´

776 bp original

Tox R-R 5´- AGGGTTAGCAAC-
GATGCGTAAG-3´

Omp U-F 5´-CGGTTGTCTAGGCT-
GTTGTTAG -3´

318 bp original

Omp U -R 5´- GACTCTGATT-
GCTCTTGCTGTAT-3´

Ctx A-F 5´- CAGAATGAGTACTTT-
GACCGAGG-3´

419 bp original

Ctx A-R 5´- GCCAATCCATAAC-
CATCTGC -3´

3.5. Uniplex and Multiplex PCR Protocols
Three separate PCR reactions were accomplished for 

each designed primer in a final volume of 50 μL. The con-
tent of each reaction mixture included 5 μL of 10 X PCR 
buffer, 0.25 mM of each dNTP, 10 pM of each desired re-
verse and forward primer, 2 mM of MgCl2, 1 U of super Taq 
polymerase (Cinna Clon Co., Iran), and 50 ng of DNA tem-
plate. The reaction mixture utilized for multiplex PCR 
was similar to the uniplex assay. The only discrepancy 
between them was the spontaneous addition of all three 
primers in the multiplex mixture.

PCR was performed in an Eppondorf thermal cycler 
with an initial denaturation step of 5 minutes at 94°C; 35 
cycles of 1 minute at 94°C, 1 minute at 60°C, and 1 minute 
at 72°C, as well as a final extension step of 5 minutes at 
72°C. Finally, the presence of amplified products was as-
sessed using 1% agarose gel electrophoresis, stained by 0.5 
ng/mL ethidium bromide and visualized under UV illu-
mination. For further corroboration, relative bands from 
three different PCRs were extracted and purified from 
agarose gel (Cinagen, Iran) using the DNA extraction kit 
(Ferrmentas, Germany) and sequenced (Macrogen Re-
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search, Seoul, Korea). The abovementioned sequenced 
genes had local similarity with the V. cholerae ATCC 62013 
standard strain, which was identified by BLAST; their ho-
mology was 99% as determined by MEGA4 software.

3.6. of Specificity and Sensitivity Evaluation of the 
Designed Primers

To analyze the specificity of the designed primers, 50 
ng of the genomic DNA purified from standard species of 
V. cholerae ATCC 62013, S. typhi ATCC 14028, S. dysenteriae 
ATCC 13313 , and Escherichia coli O157:H7 ATCC 43894 were 
used for amplification by uniplex and multiplex tests. In 
addition, the sensitivity of the PCR tests was measured by 
preparing 10-fold serial dilutions of V. cholerae genome 
from 10 pg to 100 ng. PCR was performed for each concen-
tration according to the protocol described in the previ-
ous section.

4. Results

4.1. Sample Collection
In the period of performing this study, from the total 

of stool samples collected, 72 V. cholerae isolates were dif-
ferentiated by standard bacteriological tests described 
before. All of them were El Tor O1 strains.

4.2. Uniplex and Multiplex PCR Reactions
The presence of ctxA, toxR and ompU genes was assessed 

using specific primers for each gene, separately. The sizes 
of ctxA, toxR and ompU gene products were 419 base pair 
(bp), 776 bp, and 318 bp, respectively (Figure 1). All V. chol-
erae isolates separated from clinical samples possessed 
toxR and ompU genes. In addition, the presence of ctxA 
gene was detected in 61 (85%) of the isolates. Genotype fre-
quencies of the isolates are illustrated in Figure 2. 

Figure 1. Gel Electrophoresis of the PCR Products From ompU (318 bp), 
ctxA (419 bp), and ToxR (776 bp) Genes
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Lane 1, 100 bp marker; Lane 2, the ToxR gene; Lane 3, ompU gene; Lane 4, 
ctxA gene; Lanes 5 - 7, S. dysenteriae, S. typhi and E. coli, respectively, as nega-
tive controls
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Figure 2. The Frequency of Different Genotypes Obtained in This Study

Results from the multiplex PCR were similar to uniplex 
PCR without any excessive products (as shown in Figure 
3). 

Figure 3. Gel Electrophoresis of ompU (318 bp), ctxA (419 bp), and ToxR 
(776 bp) Products Based on the Multiplex PCR Method
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Lane 1, 100 bp marker; Lane 2, positive control (V. cholerae ATCC 14035); 
Lanes 3 - 8, clinical isolates; Line 9, negative control

3.3. Specificity and Sensitivity Analyses
To verify the specificity of the designed primers for V. 

cholerae , purified genomic DNAs from S. typhi , S. dysente-
riae and E. coli O157:H7 were tested. No product was seen 
(Figure 1). This result indicates the high specificity of con-
structed primers only for V. cholerae . Since V. cholerae is 
able to cause infection at the low count of 108 bacteria, 
the power of this test was analyzed in the range of 10 pg 
to 100 ng. Minimum detectable concentrations for ctxA, 
toxR and ompU genes in the applied PCR method were 10 
pg, 10 pg and 50 pg, respectively. 

5. Discussion
Diarrhea due to V. cholerae is an endemic disease in 

many developing countries. In the recent years, several 
outbreaks have been reported from Iran particularly 
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within 2004 - 2009 (19). Despite the extensive attempts of 
health care communities and the related organizations 
to control and confine cholera, its incidence remains 
high (14). One of the most critical routes for preventing 
the outbreak of V. cholerae is the early stages diagnosis of 
the infection. Numerous microbiological tests including 
bacteria culture, serotyping, and biochemical methods 
have been developed; but most of them are time-consum-
ing (20). Moreover, inaccurate results and lack of sensitiv-
ity in detection of low-dose infectious agents are disad-
vantages and limitations of the current methods.

Today, techniques based on nucleic acids such as PCR 
can be considered as rapid and reliable tests. In the recent 
years, uniplex PCR method has been developed to assess 
the toxigenicity potency of V. cholerae (5, 21), but its inabil-
ity to simultaneously determine both toxigenic and reg-
ulatory factors has limited its usage. Multiplex PCR can 
provide a useful assay to eliminate this problem. In the 
study designed by Nandi and his colleagues, the presence 
of ompW and toxR genes was examined in 254 V. cholerae 
strains belonging to serogroups O1, O139, and non-O1/
non-O139 by multiplex PCR. ompW and toxR genes were 
found to be positive in 223 and 229 isolates, respectively. 
In that test, identification of ctx gene as a potent factor 
for the V. cholerae toxigenicity was not included (22).

Panickar used DNA microarrays and multiplex PCR to 
detect pathogenic V. cholerae. In that study, 10 genes were 
selected to screen the different species belonging to the 
Vibrio family. Specific primers and probes against rrh and 
viuB were designed for V. vulnificus. tlh, tdh, trh, and ORF8 
genes were employed for V. parahaemolyticus, beside that, 
for detection of V. cholerae, ompU, toxR, and tcpI genes 
were selected. Furthermore, El Tor and classical biotypes 
were screened by hlyA gene detection (23). In agreement 
with the present study, the specificity of their test was 
100%. However, we embedded ctxA gene instead of tcpI, 
because tcpI gene cannot differentiate between toxigenic 
and non-toxigenic V. cholerae O1 and non-O139. Hoshino 
et al. developed a multiplex PCR based on the detection 
of ctxA and rfb genes.

That assay was capable of detecting toxigenic Vibrio O1 
and O139 in stool samples with 100% sensitivity and 95% 
specificity (24). In another study, Mehrabadi and his co-
worker designed a new multiplex PCR method based on 
three targets, ctxA, tcpA and ompW genes, for detecting 
toxigenic V. Cholerea. They reported that this developed 
method is able to detect 8.5 - 85 pg of genomic DNA and 
10 - 100 colony-forming units of V. Cholerea. In addition, 
the specificity of this technique is 100% (11). In our previ-
ous study, we developed a multiplex PCR to detect hlyA, 
ctxB and tcpI as virulence and regulatory genes. The prev-
alence of hlyA, ctxB and tcpI genes in clinical samples was 
94.7%, 90.8% and 92.1%, respectively (25).

In the present investigation, three different genes were 
selected based on their capability of detecting the patho-
genicity and the toxigenicity at the same time. The exis-
tence of toxR gene is significant as a regulating agent for 

expression and function of several other genes, which are 
on turn responsible for the pathogenecity of V. cholerae 
(9, 26, 27). Furthermore, toxR gene does not horizontally 
get transferred from pathogenic strains to non-patho-
genic ones (28); hence, it is specific to vibrionacea.

V. cholerae can adhere to the intestinal epithelial cells 
and be colonized in the presence of ompU gene. This 
event leads to the mucosal permeability intensification 
by disturbing the tight junctions (7). All of our isolates 
possessed both genes. However, the other Gram-negative 
bacteria used as negative controls cannot be detected by 
this assay. Our approach indicates that the constructed 
primers for ompU and toxR genes are capable of iden-
tifying pathogenic strains with specificity. Lack of ctxA 
gene was demonstrated in 11 of the isolates. This finding 
indicates that existence of the cholera toxin is not neces-
sary for diarrhea and other different mechanisms can be 
involved in its occurrence. Significantly, our assay can de-
tect V. cholerae at picogram levels. Despite several advan-
tages of multiplex PCR which were described above, the 
complex formation and competition between primers 
are important disadvantages (17).

we conclude that, in addition to advantages such as 
simplicity, ease of use, speed and accuracy, the multiplex 
assay we designed can be utilized for simultaneous iden-
tification of pathogenic and toxigenic V. cholerae strains 
with high specificity and sensitivity; hence, it can be ap-
plied as an alternative to current bacteriological tests.
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