
Abstract
Enterohaemorrhagic Escherichia coli (EHEC), mainly the serotype O157:H7 is a global 
concern in foodborne outbreaks. The incidence of E. coli O157:H7 in seafood sold in India has 
been reported as 8.4%. The conventional method for the detection of E. coli O157:H7 from 
seafood is cumbersome and time consuming making this  strain particularly challenging to 
detect. In this study a multiplex PCR was developed targeting six major virulence factors of 
the pathogen viz. shigatoxin 1 and 2, attachment and effacement factor, flagellar antigen, 
hemolysin gene and O157 antigen. The sensitivity of the multiplex PCR developed in the 
study was found to be 120 pg µl-1 of DNA and that of E. coli 0157:H7 spiked samples was  
2 cfu ml-1. The multiplex PCR developed in this study showed 100% specificity in identifying  
E. coli O157:H7, effectively distinguishing it from non-target bacteria. This highly sensitive 
and specific multiplex PCR is the first of its kind to detect E. coli O157:H7 in seafood by 
targeting six major virulence genes.
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Introduction
Enterohaemorrhagic Escherichia coli (EHEC), 
one of the pathotypes of Diarrheagenic  
E. coli (DEC), is a major food-borne pathogen 
with high mortality rate causing severe 
gastrointestinal diseases, haemorrhagic 
colitis and haemolytic uremic syndrome 
(HUS). E. coli O157:H7, O26, O91, O103, 
O104, 0111, O113, O117, O118, O121, O128, 
O145 and non-flagellated O157:H- are 
the serogroups reported till now in EHEC, 
among them E. coli O157:H7 is regarded as 
one of the  deadliest strains due to its high 
epidemiological impact and mortality rate. 
A multistate outbreak of E. coli O157:H7 
occurred in United States in 2019, linked  
to romaine lettuce with 210 reported cases 
(5 mortality) and a similar major outbreak  
occurred in 2018 with 209 case reports 
(CDCP, 2018). There are several reports 
on the occurrence of E. coli O157:H7 in 
diarrheic cattle faeces (Omisakin et al., 
2003; Hussein and Bollinger, 2005; Atnafie 
et al., 2017), human stool (Bielaszewska  

et al., 1997; Mead and Griffin, 1998; Anu 
et al., 2023), vegetables (Lin et al., 1996; 
Delaquis et al., 2007), raw beef and beef 
products (Chapman et al., 2000; Chapman 
et al., 2001;  Cagney, 2004) and poultry birds 
(Heuvelink et al., 1999; Best et al., 2003). 
With  hospital and domestic sewage being 
discharged into the major water sources, 
fish and shellfish harvested from these 
contaminated waters may harbour E. coli 
O157:H7, potentially acting as vehicles of 
transmission to humans. Sehgal et al. (2008) 
reported the prevalence of E. coli O157 in 
seafood as 8.4% from India during 1996 to 
2005 and Vaiyapuri (2016)  reported 0.8% 
incidence of shigatoxin (stx1) producing  
E. coli in seafood from retail markets in 
Cochin, Kerala. Prakashan et al. (2018) 
reported incidence of shigatoxigenic E. coli 
(STEC) in seafood marketed in Mumbai, 
India. A study by PCR based detection 
of shigatoxin gene in STEC isolates from 
seafood showed 16.6 and 33.33% in 
fish and shellfish sold in Mumbai, India, 
respectively (Prakasan et al., 2018).
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Reports on E. coli O157:H7 mediated food borne disease outbreaks 
in developing countries like India, has been very limited due to the 
unidentified origin of diarrhea in the country or the lack of systematic 
study to find the etiologic agent behind the scene (Bender et al., 
2004). Detection of E. coli O157:H7 is cumbersome as it involves 
enrichment, plating on selective media and serological confirmation. 
Even though there are several rapid serological techniques available 
for the detection of E. coli O157:H7, these methods may lead to 
false-positive results as antisera of O157:H7cross-reacts with 
Citrobacter freundii, Escherichia hermanii and other bacteria (Nataro 
and Kaper, 1998). Thus, DNA based detection methods are more 
reliable, specific and sensitive than serological test in detecting the 
presence of this pathogen from various food products. Multiplex 
PCR is the most sensitive method, as it enables the detection of 
multiple targets in a single reaction. Even though various multiplex 
PCR methods have been developed by previous researchers for 
the detection of E. coli O157:H7, from pork, chicken, vegetables 
(Nguyen et al., 2016; Tegegne et al., 2024), egg, cheese, milk 
products (Kawasaki et al., 2009), there is no specific multiplex 
PCR technique developed with high specificity for the detection of  
E. coli O157:H7 from seafood. Hence this study made an attempt 
to develop a sensitive and specific multiplex PCR to detect the food 
borne pathogen, E. coli O157:H7 from seafood, targeting the six 
major virulence factors viz. shigatoxin (stx1 and stx2), attachment 
and effacement factor (eaeA), flagellar antigen (fliC), haemolysin 
gene (hlyA) and O157 antigen (rfbE O157) which are specific for  
E. coli O157:H7.

Materials and methods

Bacterial strain and culture conditions
E. coli O157:H7 (ATCC 43895) standard strain, procured from  
ICAR-Central Institute Of Fisheries Education (ICAR-CIFE), Mumbai, 
India, was grown overnight at 37°C in tripticase soy broth (TSB) and 
purified by streaking on Sorbitol MacConkey agar supplemented 
with cefixime and tellurite (CT-SMAC). Various seafood pathogens 
viz. Listeria monocytogenes (ATCC 19111), Vibrio parahaemolyticus 
(MTCC-451) and Edwardsiella tarda (MTCC-2400) and fish spoilage 
bacteria Pseudomonas aeruginosa (MTCC-1688) were procured 
from American Type Culture Collection (ATCC), United States and 
Microbial Type Culture Collection (MTCC), Chandigarh, India. 

DNA template preparation
Genetic material (DNA) of E coli O157:H7 was extracted by  
phenol-chlorofom-cetyl trimethyl ammonium bromide (CTAB) 
method according to Sambrook et al. (1989). After the extraction, 
the DNA was suspended in 1x TE buffer (pH 8.0) stored at -20°C 
till further use and the concentration of the extracted DNA was 
measured using Nanodrop (Thermoscientific, USA).

Primer sequences
Six sets of primers specific for virulent genes of E. coli O157:H7 
viz. stx1, stx2, eaeA, fliC, hlyA and rfbEO157 (Integrated DNA 
Technologies-IDT, USA) were used in this study and the details are 
given in Table 1. Primer sequences were evaluated for self-priming 
or self-complementary, non-specific targets and also analysed 
its specificity for each target gene sequences under study using 
multiple sequence alignment tool (Corpet, 1988).

Standardisation of uniplex PCR amplification

The uniplex PCR reaction for 6 virulence genes of E. coli O157:H7 
was carried in a 30 µl reaction mixture containing 3 µl 10x Taq 
buffer (100 mM Tris-HCl, 500 mM KCl, 2 mM MgCl2), 2.5 mM each 
dNTPs, 1 µl of each primer at 10 pmol µl-1 concentration, 1 U of 
Taq DNA polymerase (Himedia, India) and 1 µl of DNA template. 
The cycling protocol consisted of an initial denaturation at 96°C 
for 2 min followed by 35 cycles of denaturation at 96°C for 30 s, 
annealing at 55°C for 20 s, elongation at 72°C for 30 s, and a final 
extension at 72°C for 7 min (Thermal Cycler, Bio Rad, USA).

Standardisation of Multiplex PCR amplification

After a series of tests, the following optimal conditions for the six 
gene multiplex PCR procedure was established with a reaction 
volume of 30 µl consisting of 8 µl 10x Taq buffer (100 mM Tris-HCl, 
500 mM KCl, 2 mM MgCl2), 2.5 mM each dNTPs, 1 µl of each primer 
at 10 pmol µl-1 concentration, 2 U of Taq DNA polymerase and 2 µl of 
DNA template. Amplification protocol of initial denaturation at 96°C 
for 5 min followed by 35 cycles of denaturation at 96°C for 30 s, 
annealing at 55°C for 30 s, elongation at 72°C for 30 s, followed by 
a final extension at 72°C for 10 min (Thermal Cycler, Bio Rad, USA).

 Table 1. Primer sequences for the detection of six virulent factors of E. coli O157:H7 with amplicon size.
Target gene Primer sequence Amplicon size  (bp) Reference
fliC F: AGCTGCAACGGTAAGTGATTT

R: GGCAGCAAGCGGGTTGGTC
949 Wang et al. (2000)

stx1 F: TGTCGCATAGTGGAACCTCA
R: TGCGCACTGAGAAGAAGAGA

655 Bai et al. (2010)

hlyA F: GCATCATCAAGCGTACGTTCC
R: AATGAGCCAAGCTGGTTAAGCT

534 Paton and Paton (1998)

stx2 F: CCATGACAACGGACAGCGTT
R: TGTCGCCAGTTATCTGACATTC

477 Fagan et al. (1999)

eaeA F: CATTATGGAACGGCAGAGGT
R: ACGGATATCGAAGCCATTTG

375 Bai et al. (2010)

rfbEO157 F: CAGGTGAAGGTGGAATGGTTGTC
R: TTAGAATTGAGACCATCCAATAAG

296 Bertrand and Roig (2007)
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Evaluation of specificity and sensitivity of the 
multiplex PCR 
The multiplex PCR protocol developed was verified for its specificity 
to detect the virulence genes viz. (fliC), stx1 and stx2, eaeA, rfbE 
O157 and hlyA, in E. coli O157:H7. To check the efficiency of the 
protocol, it was subjected to amplify non-target bacterial pathogens 
including, L. monocytogenes, V. parahaemolyticus and E. iella tarda 
and fish spoilage bacteria viz. P. aeruginosa, along with the targeted 
one. To archive the specificity of the assay, a mixture of DNA of both 
targeted and non-targeted pathogens were also used as template 
and subjected to multiplex PCR protocol developed in this study.

The sensitivity of the multiplex PCR protocol was  evaluated as per 
the method of Xu et al. (2012). The bacterial DNA at a concentration 
of 120 ng µl-1 was serially diluted at 10 fold dilutions upto 10-5 and 
was used as template in multiplex PCR.

Detection of sensitivity of multiplex PCR using 
spiked sample
Ten seafood samples including sardine (2), mackerel (2), shrimp (4) 
and clams (2) procured from retail markets in Kochi, were placed in 
aseptic bags with ice and immediately transported to the laboratory 
for use within 2 h. To assure the absence of natural contamination 
of E. coli O157:H7 in seafood samples, 25 g of each sample were 
homogenised in a smasher and filtered through 5 µm micropore 
filter before DNA isolation (Kawasaki et al., 2009). 2 ml of the filtrate 
was used for DNA extraction, using C-TAB method (Sambrook et al., 
1989). The presence of E. coli O157:H7 was evaluated by multiplex 
PCR developed in this study (Hussain et al., 2014). Seafood 
samples without any natural contamination of E. coli O157:H7 was 
selected for spike study and it was pasteurised at 100°C for 180 s. 
After pasteurisation, the fish was divided to 4 groups (25 g each), 
and it was artificially inoculated with 10-fold dilution (10-4 to 10-7) of 
overnight culture of E. coli O157:H7.  The initial count of bacteria 
in the artificially inoculated fish was enumerated as 310, 36, 2 and 
0 cfu ml-1, with 10-fold dilution of overnight broth culture of E. coli 
O157:H7. For the artificial inoculation of E. coli O157:H7, 100 µl of 
each dilution were mixed with 25 g of seafood sample and 225 ml of 
LB broth was added. It was pummeled in a smasher and incubated 
at 37°C for 12 h in a shaking incubator. After the incubation period, 
the filtrate was used for the extraction of genomic DNA and then 
the sensitivity of the protocol developed was analysed by multiplex 
PCR. 

Results and discussion

Standardisation of uniplex and multiplex PCR 
protocols
Initially, the primer pairs targeting major virulent factors specific 
for E. coli O157:H7 viz. shigatoxin (stx1 and stx2), flagellar antigen 
(fliC), attachment and effacement factor (eaeA), hemolysin gene 
(hlyA) and O157 antigen (rfbEO157) was adopted from previous 
researchers (Paton and Paton, 1998; Wang et al., 2000; Bertr and and 
Roig, 2007; Bai et al., (2010);) and it is represented in Table 1. After 
the selection of primer pairs for each targeted gene, its specificity 

towards the targeted genes was analysed by uniplex PCR. For this, 
master mix and uniplex PCR protocol were optimised by a series 
of trials (Fig. 1, Lanes 2-7). After the successful amplification of 
six virulence genes, all six primer pairs were simultaneously added 
to the reaction mixture and PCR was performed. Only some of the 
genes were amplified after the PCR. After a series of tests, master 
mix for multiplex PCR (concentration of Mg2+, dNTP, primers and 
Taq polymerase) and PCR protocol (number of cycles, time and 
duration of initial denaturation, annealing and final extension)  
were optimised as mentioned under standardisation of multiplex 
PCR (Materials and methods). Thus all the six amplified products 
(multiplex PCR) were resolved successfully in 2% agarose gel 
electrophoresis in its specific product size (Fig. 1, Lane 1). Hence, 
the standardised mastermix and multiplex PCR protocol can be 
utilised for detecting contamination of E. coli O157:H7 in seafood.

Specificity of multiplex PCR 
The multiplex PCR protocol developed in this study successfully 
ampliflied all the six targeted genes in E. coli O157:H7. The six 
primer pairs could specifically bind to the targeted sites without any 
cross reactions against non-target fish pathogens and fish spoilage 
bacteria used in this study (Fig. 2). The multiplex PCR protocol 
developed in this study followed the basic rules of inclusivity 
and exclusivity, thus the protocol had an excellent specificity 
to amplify the targeted virulent factors of E. coli O157:H7 and 
thereby successfully detected the pathogen among other bacterial 
pathogens and normal flora of fresh seafood sample. Specificity 
study of the multiplex PCR developed by Nguyen et al. (2016) for 
the detection of three food-borne pathogens supports this study as 
they have analysed specificity of their protocol with non-targeted 
food-borne pathogens. Previous study by Bai et al. (2010), failed to 

949 bp

296bp

655 bp
534 bp
477 bp
375 bp

L            1         2         3          4          5          6           7          8         L

Fig. 1. Agarose gel showing uniplex and multiplex PCR amplified products. 
L- 100 bp DNA ladder, NC- Negative control, 1- Multiplex PCR amplified 
product, 2- Flagellar antigen (fliC), 3- Shigatoxin 1 (stx1), 4- Hemolysin (hlyA), 
shigatoxin 2 (stx2), attachment and effacement factor (eaeA) and O157 
antigen (rfbEO157)
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949 bp

296bp

655 bp
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477 bp

L        NC         1         2          3          4         5         6          7          L 
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Fig. 2. Gel image showing specificity of multiplex PCR developed 
against targeted pathogen over non-targeted pathogen. L- 100 bp ladder,  
NC- Negative  control, 1- Multiplex PCR using mixture of DNA of both targeted and  
non-targeted pathogen as template, 2-Multiplex PCR using DNA of E. coli 
O157:H7 as template, 3-6 showing negative result for multiplex PCR 
using DNA of non-targeted pathogen Listeria monocytogenes, Vibrio 
parahemolyticus, Edwardsiella tarda and Pseudomonas aeruginosa, 
respectively

report the specificity of the multiplex PCR developed in their study to 
detect the presence of E. coli O157:H7 targeting six virulent factors 
in cattle faeces. Thus the specificity of standardised protocol and 
master mix developed in this study enhances its suitability for the 
routine monitoring of E. coli O157:H7 in seafood.

Sensitivity of multiplex PCR 
For analysing the detection sensitivity of the multiplex PCR 
developed in this study, the extracted DNA with an initial 
concentration of 120 ng µl-1 was serially diluted upto 10-5 so as to 
get the concentrations as 12 ng µl-1, 1.2 ng µl-1, 120 pg µl-1, 12 pg µl-1, 
1.2 pg µl-1. After performing the PCR using various dilutions of 
DNA as template, it was found that the protocol successfully 
amplified 120 pg µl-1 concentration of DNA and also it  resolved 
in gel electrophoresis (Fig. 3). There was a qualitative decrease in 
the resolution of amplicons in the agarose gel with the decrease in 
the DNA concentration, down till 120 pg µl-1 concentration of DNA, 
in which all the six targeted genes were detected simultaneously. 
Two independent duplicate assay of multiplex PCR showed highly 
reliable results. In a study by Giau et al. (2015) had developed 
multiplex PCR targeting 2 virulent genes of E. coli O157:H7 from 
different types of food, but failed to evaluate the sensitivity of the 
same. Thus, the multiplex PCR developed in this study can be 
effectively used for the detection of E. coli O157:H7 in seafood. High 
sensitivity of the PCR ensures accurate detection of the pathogen at 
a lower concentration of 120 pg µl-1.

Detection of E. coli O157:H7 in spiked samples

Among the 10 seafood samples, there was no natural contamination 
of E. coli O157:H7 and the samples in which the target pathogen 
was spiked detected successfully (Fig. 3). Both finfish and shellfish 
were included in the study and the protocol was found to be most 
sensitive and specific for the detection of targeted pathogen. Till 
date, there are reports for spiked study in food for the detection 

949 bp

296bp

534 bp
477 bp
375 bp

L        NC         1         2          3          4           5         6          7            L 

655 bp

Fig. 3. Gel image showing sensitivity of multiplex PCR using various 
dilutions of DNA as template. L- 100 bp DNA ladder, NC- Negative control, 
1- 6- Multiplex PCR using 120 ng µl-1, 12 ng µl-1, 1.2 ng µl-1, 120 pg µl-1,  
12 pg µl-1 and 1.2 pg µl-1 of DNA as template

of E. coli O157:H7 (Bai et al. 2010; Hu et al., 1990), but there are 
no reports for the same in seafood. To assess the ability of the 
protocol to detect the pathogen in seafood sample within short time 
period, the spiked samples were enriched only for 12 h and within 
that time, the protocol was able to  detect even the minimum load 
of target successfully. Thus the multiplex PCR found to have 100% 
sensitivity and specificity in detecting E. coli O157:H7 in seafood.

Detection sensitivity of multiplex PCR in spiked 
seafood samples

The infectious dose of E. coli O157:H7 ranges from <100 or even <10 
cfu g-1 to cause an acute diarrhea, thus a highly sensitive technique 
is required for the detection of the pathogen. On spiked sample 
study, the multiplex PCR developed detected E. coli O157:H7 at all 
different inoculation levels, down to 2 cfu ml-1 of seafood sample 
(Fig. 4), thus the protocol  detected the pathogen even at very low 
numbers. This protocol is found to be more sensitive than already 
developed protocols for the detection of E. coli O157:H7 from 
various food samples, viz. sensitivity of 10 cfu of E. coli O157:H7 
in a study targeting plasmid DNA, SLT-1, SLT-2 and eaeA gene 
simultaneously (Fratamico et al., 1995) and sensitivity of 6 cfu 
for the detection of E. coli O157:H7 (H7, SLT-II, intimin, O157 and 
SLT-I) from bovine faeces (Hu et al., 1999). Thus, the multiplex PCR 
developed in this study is satisfactorily sensitive to detect E. coli 
O157:H7 directly from seafood.

Multiplex PCR is a powerful tool for detecting E. coli O157 in 
seafood. This technique allows for the simultaneous amplification 
of multiple target genes, enhancing the efficiency and speed of 
pathogen identification. In this study, a new multiplex PCR protocol 
was developed and standardised, enabling the detection of  
E. coli O157:H7 in seafood by amplifying six virulence genes of the 
targeted bacteria. The optimised mastermix and multiplex PCR 
protocol developed in this study offer a high degree of sensitivity 
with 100% inclusivity and exclusivity ensuring accurate detection 
with low detection limit of 2 cfu ml-1. This makes it a valuable 
method for the routine monitoring of seafood samples, ensuring 
seafood safety and quality. 
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949 bp

296bp

534 bp
477 bp
375 bp

L           NC          PC              1            2                3               4  

655 bp

Fig. 4. Agarose gel showing sensitivity of multiplex PCR at different cfu of  
E. coli O157:H7 spiked in seafood. L-100 bp DNA ladder, NC- Negative 
control, PC- Positive control; 1-4 multiplex PCR product of E coli O157:H7 
spiked at a concentration of 310 cfu ml-1, 36 cfu ml-1, 2 cfu ml-1, 0 cfu ml-1, 
respectively

Acknowledgements
The authors are grateful to the Kerala University of Fisheries 
and Ocean Studies (KUFOS), for the financial support to carry 
out the work. We acknowledge Faculty of Fisheries Science for 
providing microbiology laboratory facility of the Department of Fish 
Processing Technology, KUFOS.

References
Anu, E, Jaaskelainen, Saara Salmenlinna, Jenni Antikainen, Reetta Sihvonen, 

Maarit Ahava, Eveliina Tarkka and Anu Patari-Sampo 2023. Shiga  
toxin-producing Escherichia coli (STEC) stool multiplex PCR can 
replace culture for clinical diagnosis and follow-up. J. Pathol. Microbiol. 
Immunol., 131: 333-338. https://doi.org/10.1111/apm.13319.

Atnafie, B., Paulos, D., Abera, M., Tefera. G., Hailu. D., Kasaye, S. and  Amenu, K. 
2017. Occurrence of Escherichia coli O157:H7 in cattle feces and 
contamination of carcass and various contact surfaces in abattoir and 
butcher shops of Hawassa, Ethiopia. BMC Microbiol., 17. https://doi.
org/10.1186/s12866-017-0938-1.

Bai, J., Shi, X. and Nagaraja, T. G. 2010. A multiplex PCR procedure 
for the detection of six major virulence genes in Escherichia coli 
O157:H7. J. Microbiol. Methods, 82: 85-9. https://doi.org/10.1016/j.
mimet.2010.05.003.

Bender, J. B., Smith, K. E., McNees, A. A., Rabatsky-Her, T. R., Segler, S. D., 
Hawkins, M. A., Spina, N. L., Keene, W. E., Kennedy, M. H., Van Gilder, T. J. 
and Hedberg, C. W. 2004. Factors affecting surveillance data on 
Escherichia coli O157 infections collected from FoodNet sites, 1996-1999. 
Clin. Infect. Dis., 38: S157-S164. https://doi.org/10.1086/381582.

Bertrand, R. and Roig, B. 2007. Evaluation of enrichment-free PCR-based 
detection on the rfbE gene of Escherichia coli O157 application to 
municipal wastewater. Water Res., 41: 1280-6. https://doi.org/10.1016/j.
watres.2006.11.027.

Best, A., La Ragione, R. M., Cooley, W. A., O’Connor, C. D., Velge, P. and 
Woodward, M. J. 2003. Interaction with avian cells and colonisation 
of specific pathogen free chicks by Shiga-toxin negative Escherichia 
coli O157:H7 (NCTC 12900). Vet. Microbiol., 93: 207-222. https://doi.
org/10.1016/s0378-1135(03)00031-2.

Bielaszewska, M., Janda, J., Blahova, K., Minarikova, H., Jikova, E., 
Karmali, M. A., Laubova, J., Sikulova, J., Preston, M. A., Khakhria, R., 
Karch, H., Klazarova, H. and Nyc, O. 1997 Human Escherichia coli 
O157:H7 infection associated with the consumption of unpasteurised 
goat’s milk. Epidemiol. Infect., 119: 299-305. https://doi.org/10.1017/
s0950268897008297.

Cagney, C., Crowley, H., Duffy, G., Sheridan, J. J., O’Brien, S., Carney, E., 
Anderson, W., McDowell, D. A., Blair, S. and Bishop, R. H. 2004. 
Prevalence and numbers of Escherichia coli O157:H7 in minced beef and 
beef burgers from butcher shops and supermarkets in the Republic of 
Ireland. Food Microbiol., 21: 203-212. https://doi.org/10.1016/S0740-
0020(03)00052-2.

Chapman, P. A., Cerdan, Malo, A. T., Ellin, M., Ashton, R. and Harkin, M. A. 
2001. Escherichia coli O157 in cattle and sheep at slaughter, on beef and 
lamb carcasses and in raw beef and lamb products in South Yorkshire, 
UK. Int. J. Food Microbiol., 64: 139-150. https://doi.org/10.1016/s0168-
1605(00)00453-0.

Chapman, P. A, Siddons, C. A., Cerdan, Malo, A. T. and Harkin, M. A. 2000. A 
one year study of Escherichia coli O157 in raw beef and lamb products. 
Epidemiol. Infect., 124: 207-213. https://doi.org/10.1017/s09502688 
99003581.

CDCP 2018. Outbreak of E. coli infections linked to romaine lettuce. Centre 
for Disease Control and Prevention., Am. J. Transplant., 19: 91-293. 
https://doi.org/10.1111/ajt.15211.

Corpet, F. 1988. Multiple sequence alignment with hierarchical clustering. 
Nucl. Acids Res., 16: 10881-10890. https://doi.org/10.1093/nar/16.22. 
10881.

Delaquis, P., Bach, S. and Dinu, L. D. 2007. Behavior of Escherichia coli 
O157:H7 in Leafy Vegetables. J. Food Prot., 70: 1966-1974. https://doi.
org/10.4315/0362-028x-70.8.1966.

Fagan, P. K., Hornitzky, M. A., Bettelheim, K. A. and Djordjevic, S. P. 1999. 
Detection of shiga-like toxin (stx1 and stx2), intimin (eaeA) and 
enterohemorrhagic Escherichia coli (EHEC) hemolysin (EHEC hlyA) 
genes in animal feces by multiplex PCR. Appl. Environ. Microbiol., 65: 
868-872. https://doi.org/10.1128/aem.65.2.868-872.1999.

Fratamico, P. M., Sackitey, S. K., Wiedmann, M. and Deng, M. Y. 1995. 
Detection of Escherichia coli O157:H7 by Multiplex PCR. J Clin Microbiol., 
33: 2188-2191. https://doi.org/10.1128/JCM.33.8.2188-2191.1995.

Giau, V. V., Nguyen, T. T., Nguyen, T. K. O., Le  T. T. H. and Nguyen, T. D. 2016. 
A novel multiplex PCR method for the detection of virulence-associated 
genes of Escherichia coli O157:H7 in food. 3 Biotech., 6: 5. https://doi.
org/10.1007/s13205-015-0319-0.

Heuvelink, A. E., Zwartkruis-nahuis, J. T., Van Den Biggelaar, F. L., Van 
Leeuwen, W. J. and De Boer, E. 1999. Isolation and characterization 
of verocytotoxin-producing Escherichia coli O157 from slaughter pigs 
and poultry. Int. J. Food Microbiol., 52: 67-75. https://doi.org/ 10.1016/
s0168-1605(99)00119-1.

Hu, Y., Zhang, Q. and Meitzler, J. C. 1999. Rapid and sensitive detection of 
Escherichia coli O157:H7 in bovine faeces by a multiplex PCR. J. Appl. 
Microbiol., 87: 867-876. https://doi.org/10.1046/j.1365-2672.1999. 00938.x.

Hussain, I. A., Jeyasekaran, G., Shakila, R. J., Raj, K. T. and Jeevithan, E. 
2014. Detection of hemolytic strains of Aeromonas hydrophila and 
A.sobria along with other Aeromonas spp. from fish and fishery products 
by multiplex PCR. J. Food Sci. Technol., 51: 401-407. https://doi.
org/10.1007/s13197-013-1190-9.



© 2024 Indian Council of Agricultural Research | Indian J. Fish., 71 (3),  July-September 2024� 107

Detection of major virulent genes of E. coli O157:H7 from seafood

Hussein, H. S. and Bollinger, L. M. 2005. Prevalence of Shiga  
Toxin-Producing Escherichia coli in Beef Cattle. J. Food. Prot., 68:  
2224-2241. https://doi.org/10.4315/0362-028x-68.10.2224.

Kawasaki, S., Fratamico, P. M., Horikoshi, N., Okada, Y., Takeshita, K., 
Sameshima, T. and Kawamoto, S. 2009. Evaluation of a Multiplex 
PCR system for simultaneous detection of Salmonella spp., Listeria 
monocytogenes, and Escherichia coli O157:H7 in foods and in food 
subjected to freezing. Foodborne Pathog. Dis., 6: 81-89. https://doi.
org/10.1089/fpd.2008.0153.

Lin, C. M., Fernando, S. Y. and Wei, C. 1996. Occurrence of Listeria 
monocytogenes, Salmonella spp., Escherichia coli and E. coli O157:H7 in 
vegetable salads. Food Control, 7: 135-140.

Mead, P. S. and Griffin, P. M. 1998. Escherichia coli O157:H7. The Lancet, 352: 
1207-1212. https://doi.org/10.1016/S0140-6736(98)01267-7.

Nataro, J. P. and Kaper, J. B. 1998. Diarrheagenic Escherichia coli. Clin. 
Microbiol. Rev., 11: 142-201. https://doi.org/10.1016/j.bjm.2016.10.015.

Nguyen, T. T., Van Giau, V. and Vo, T. K. 2016. Multiplex PCR for simultaneous 
identification of E. coli O157:H7, Salmonella spp. and L. monocytogenes 
in food. 3 Biotech., 6. https://doi.org/10.1007/s13205-016-0523-6.

Omisakin, F., Macrae, M., Ogden, I. D. and Strachan, N. J. C. 2003. 
Concentration and prevalence of Escherichia coli O157 in cattle feces 
at slaughter. Appl. Environ. Microbiol., 69: 2444-2447. https://doi.
org/10.1128/AEM.69.5.2444-2447.2003.

Paton, A. W. and Paton, J. C. 1998. Detection and characterization of 
shiga toxigenic Escherichia coli by using multiplex PCR assays for 
stx1, stx2, eaeA, enterohemorrhagic E. coli hlyA, rfbO111 and rfbO157.  

J. Clin. Microbiol., 36: 598-602. https://doi.org/10.1128/JCM.36.2.598-
602.1998.

Prakasan, S., Prabhakar, P., Lekshmi, M., Nayak, B. B. and Kumar, S. 2018. 
Isolation of Shiga toxin-producing Escherichia coli harboring variant 
Shiga toxin genes from seafood. Vet. World, 11: 379-385. https://doi.
org/10.14202/vetworld.2018.379-385.

Sambrook, J., Fritschi, E. F. and Maniatis, T. 1989. Molecular cloning: A 
laboratory manual. Cold Spring Harbor Laboratory Press, New York, USA.

Sehgal, R., Kumar, Y. and Kumar, S. 2008. Prevalence and geographical 
distribution of Escherichia coli O157 in India: a 10-year survey. Trans. 
R. Soc. Trop. Med. Hyg., 102: 380-383. https://doi.org/10.1016/j.
trstmh.2008.01.015.

Tegegne, H., Filie, K., Tolosa, T., Debelo, M. and Ejigu, E. 2024. Isolation, 
and identification of Escherichia coli O157:H7 recovered from chicken 
meat at Addis Ababa slaughterhouses. Infect. Drug Resist., 17: 851-863. 
https://doi.org/10.2147/IDR.S430115.

Vaiyapuri, M. 2016. Distribution of pathotypes of E.coli in seafood from 
retail markets of Kerala (India). Indian J. Fish., 63: 152-155. https://doi.
org/10.21077/ijf.2016.63.1.49671-24.

Wang, L., Rothemund, D., Curd, H. and Reeves, P. R. 2000. Sequence diversity 
of the Escherichia coli H7 fliC genes: Implication for a DNA-based typing 
scheme for E. coli O157:H7. J. Clin. Microbiol., 38: 1786-90. https://doi.
org/10.1128/jcm.38.5.1786-1790.2000.

Xu, X. G., Chen, G. D., Huang, Y., Ding, L., Li, Z. C., Chang, C. D., Wang, C. Y., 
Tong, D. W. and Liu, H. J. 2012. Development of multiplex PCR for 
simultaneous detection of six swine DNA and RNA viruses. J. Virol. 
Methods, 183: 69-74. https://doi.org/ 10.1016/j.jviromet.2012.03.034. 


