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Objectives and Outline

 Objectives
 Describe new technologies for non-culture based testing for STEC

 Describe assays being used to characterize STEC isolates associated 
with foodborne illness

 Outline
 Detection assays for STEC

 Strain characterization assays

• Virulence profiling

• O:H antigen determination



Clinical laboratory recommendations, 2009

 Simultaneously culture all stools 

submitted from patients with 

acute community-acquired 

diarrhea or suspected HUS for 

O157 and assay for non-O157 

STEC with a test that detects 

Shiga toxin

 Report and send E. coli O157 

isolates and Stx+ broths to a 

public health laboratory as soon 

as possible



http://www.aphl.org/AboutAPHL/publications/Documents/FS_2012April_Guidance-for-PHLs-

Isolation-and-Characterization-of-Shiga-Toxin-Producing-Escherichia-coli-STEC-from-

Clinical.pdf)



Clinical Diagnosis of STEC infection
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Isolation of STEC from Stx-positive broths by PHLs

Selective plate: CT-SMAC or CHROM O157 

Nonselective plate: SMAC or WSBM

Screen suspect colonies in O157 latex reagent

Sweep of Growth

Shiga toxin assay or PCR for stx1, stx2

Isolated colonies  (or pool 5 colonies)

IF NEGATIVE

or

Shiga toxin-positive broth

SMAC or WSBM

Serogrouping and PFGE



Detection of STEC in Foods
http://www.fsis.usda.gov/PDF/MLG_5B_00.pdf

Sample enrichment

Genomic DNA extraction

TaqMan-based multiplex real-time PCR assay:

stx1, stx2, eae (intimin) and 16S rRNA

O-antigen identification (real-time PCR)

Immunomagnetic separation

Selective plating

If positive

confirmation



Detects 9 bacterial pathogens

• Clostridium difficile

• Clostrodium difficile toxin B

• Campylobacter jejuni

• Escherichia coli O157

• Listeria monocytogenes

• Salmonella enterica

• Shigella flexneri

• Shigella sonnei

• Vibrio parahaemolyticus

Cyptosporidium parvum

Giardia lamblia

Adenovirus 40, 41
601 Genome Way · Suite 4208 · 

Huntsville, Alabama 35806 



• Nested PCR

• Internal primers have embedded “super primers sites”

• Biotinylated super primers “enrich” the amplicons through a 
second round of amplification adding a fluorescent tag

• amplified products are then detected with specific probes in 
a microarray hybridization platform

Target-enriched Multiplex PCR 
(Tem-PCR)



•Detects E. coli O104

• Available in Europe;

not yet in the US

•Tests for 15 bacteria, 

viruses and parasites in 

under 5 hours







Seeplex® System

Seeplex® is a breakthrough multiplexing PCR technology that enables a new standard in simultaneous 

multi-pathogen detection. Seegene applies its novel and proprietary Seeplex® system utilizing its DPO™ 

(Dual Priming Oligonucleotide) technology to create multi-pathogen tests delivering maximum specificity, 

reproducibility and sensitivity.

DPO™ Technology

DPO™ technology is a fundamental tool for blocking extension of non-specifically primed templates 

generating consistently high specificity. The strength and utility of this DPO™ technology can be 

successfully incorporated into molecular diagnostics systems such as multiplex diagnostics and SNP 

genotyping systems.
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Automated Detection of PCR Products

MCE®-202 MultiNA
ScreenTape® 

System

Caliper 

LabChip® Dx
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Seegene Diarrhea ACE Detection for Stool 
1 Viral and 2 Bacterial Panels (14 Agents in 6 hr)
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PLEX-ID Instrument Overview

Desalting

ESI Mass Spec

Organism identification



Steps in Pathogen Detection with 

Ibis Technology



Pall GeneDisc® System

• First technology to receive multiparametric validation from the AOAC

Research Institute for the detection of non-O157 STEC in meat. 

• Tests simultaneously for O157 STEC and four of the top six 

non-O157 STECs targeted by the USDA. 

• Pathogenic E.coli O104:H4 test kit available.



VereIDTM Biosystem
Lab-on-Chip Platform

PCR ─ Microarray Detection on a Single Chip

VereIDTM Biosystem combines molecular biology, microfluidics and 

microelectronics to bring the future of diagnostics and surveillance to you 

today.



A Breakthrough Innovation with the Integration of Two Powerful 

Molecular Biological Technologies: 

Polymerase Chain Reaction (amplification of DNA) and Microarray
•High accuracy and sensitivity

•Provides genetic information of infection

VereIDTM Bio-System and VereChipTM

Combining Molecular Biology, Microfluidics & Microelectronics

20



Bacteria
No. Genus Group/subgroup Class

1 Vibrio Vibrio cholerae 
Gammaproteobacteria

2 Vibrio Vibrio parahaemolyticus 

3 Staphylococcus Staphylococcus aureus

Bacilli4 Listeria Listeria monocytogenes 

5 Bacillus Bacillus cereus 

6 Clostridium Clostridium perfringens (Welch) Clostridia

7 Campylobacter 
Campylobacter jejuni 

Epsilon ProteobacteriaCampylobacter coli
Campylobacter lari

8 Escherichia Shiga toxin-producing Escherichia coli (e.g. E.coli O157)

Gammaproteobacteria

9 Escherichia Escherichia coli other spp.
10 Shigella Shiga toxin-producing Shigella (e.g. Shigella dysenteriae) 

11 Shigella Shigella other spp. (e.g. Shigella flexneri, Shigella sonnei )

12 Salmonella Salmonella spp. 

13 Cronobacter Cronobacter sakazakii

RNA Virus
No. Genus Group/subgroup Class

14 Norovirus NLV Geno Group I ssRNA positive-strand

15 Norovirus NLV Geno Group II ssRNA positive-strand 

option 1 Rotavirus Rotavirus A 

dsRNA option 2 Rotavirus
Rotavirus B var.1
Rotavirus B var.2

option 3 Rotavirus Rotavirus C 

VereFoodborneTM
VereFoodborne TM will be able to detect, differentiate and ID all of the following diseases in ONE TEST



International harmonization of Stx

Nomenclature
• Scheutz F et al.  A multi-center evaluation of a sequence-based protocol to 

subtype Shiga toxins and standardize Stx nomenclature 
http://jcm.asm.org/content/early/2012/06/28/JCM.00860-12.full.pdf+html

•

Conventional PCR Assays for how to detect different Stx subtype 

genes

http://jcm.asm.org/content/early/2012/06/28/JCM.00860-12.full.pdf+html
http://jcm.asm.org/content/early/2012/06/28/JCM.00860-12.full.pdf+html
http://jcm.asm.org/content/early/2012/06/28/JCM.00860-12.full.pdf+html


O antigen determination

H antigen determination

Escherichia coli serotyping
Staten Serum Institute

WHO Collaborating Center for Reference and 

Research on Escherichia and Klebsiella

• 187 O antigens and 56 H antigens

• > 200 different serotypes of STEC in

humans and animals



E. coli Genotyping Kit Gene 
Chip Version No.03 m (metal markers)

• Detects 92 virulence genes with 146 probes

• Identifies the virulence profile for all 

pathogenic types of E. coli and determines the 

underlying molecular cause of virulence

• Results obtained within 24 hours

• The AMR-ve Array detects 54 resistance 

genes in gram negative bacterial isolate. 

• Launching O:H serotyping assay-
Ballmer K et al. Fast DNA Serotyping of Escherichia coli by Use

of an Oligonucleotide Microarray. J. Clin. Microbiol. 45:370-379,

2007.

http://identibac.com/uploads/pics/IDB_TubeInfo_noborder.gif
http://identibac.com/en/assay-principle-products/products-available/en/assay-principle-products/products-available/amr-ve-genotyping.html
http://identibac.com/en/assay-principle-products/products-available/en/assay-principle-products/products-available/amr-ve-genotyping.html
http://identibac.com/en/assay-principle-products/products-available/en/assay-principle-products/products-available/amr-ve-genotyping.html
http://identibac.com/en/assay-principle-products/products-available/en/assay-principle-products/products-available/amr-ve-genotyping.html
http://identibac.com/en/assay-principle-products/products-available/en/assay-principle-products/products-available/amr-ve-genotyping.html
http://identibac.com/uploads/pics/IDB_Tubes02_01.jpg


E. coli Genotyping Kit 

Gene 



E. coli Genotyping Kit 

Gene 





NeoSEEK™ System for Rapid Genomic 

Detection and Identification of STEC

• Provide next-day results on enrichment broths

•  Multi-plex PCR identified 71 genetic markers with mass

spectrometry-based detection of specific targets through

“DNA bar codes”

• Includes O157, O26, O45, O103, O111, O121, and O145 STEC

•  Detection of virulence factors and their subtypes



Mellmann A, Harmsen D, Cummings CA, Zentz EB, Leopold SR, et al. (2011) Prospective Genomic 

Characterization of the German Enterohemorrhagic Escherichia coli O104:H4 Outbreak by Rapid Next 

Generation Sequencing Technology. PLoS ONE 6(7): e22751. doi:10.1371/journal.pone.0022751

DNA Sequencing:  Next Generation Diagnostics

http://www.iontorrent.com/


STEC assay formats for detection and 

characterization

• Automated conventional PCR 

• Real-time PCR

• Liquid and solid microarrays

• Lab-on-a-Chip

• Mass spectrometry



Advantages and Challenges of Near and 

Next Generation Diagnostic Methods

Advantages:

• Rapid, actionable results provided to the physician

• Comprehensive testing for pathogens

• Increased efficiency

• Reduced cost

Challenges:

• Find ways to collect specimens so that follow-up 
testing can be performed on positive specimens to 
detect and control outbreaks and monitor antimicrobial 
susceptibility
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