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Section 3:  VTEC Methodology 

 

3.1 Introduction 

 

Irrespective of the sample type, the choice of method will greatly affect the 

ability to detect, isolate and confirm the presence of VTEC.  Methods will vary 

in their specificity and sensitivity so it is important that the correct choice of 

isolation method is made.  Furthermore, the emergence of new or previously 

unrecognized pathogens such as VTEC presents added difficulties because 

methods existing for similar bacteria or for non-pathogenic strains of the same 

species may not always be appropriate, or they may lack the desired 

sensitivity and specificity.  The performance of detection methods is 

particularly important in the context of prevalence studies where the choice of 

method can markedly influence the results.  Moreover, some apparent 

increases in prevalence of VTEC O157 in cattle and sheep can be attributed 

to improvements in methodology, which must be considered when comparing 

results from different studies.  The choice of subsequent characterisation tests 

and their discriminatory power will also influence the information available for 

epidemiological studies and studies that will help us to establish genetic 

Many methods, both conventional culture and alternative rapid methods, now exist 

for detection and confirmation of Escherichia coli O157: H7(H-).  In comparison, 

methods for all VTEC have been developed although isolation and confirmation 

remains problematic. 

 

The majority of VTEC O157: H7 strains lack GUD activity and ferment sorbitol slowly, 

or not at all.  Both phenotypic features, together with the O157 antigen, have been 

successfully exploited as diagnostic characteristics in media and methods for their 

detection, isolation and confirmation.  Current methods are inadequate or unable to 

detect GUD positive or sorbitol fermenting strains of VTEC O157. 

 

Over 400 serotypes of VTEC exist although some appear to lack the full complement 

of known virulence factors commonly found in strains associated with severe human 

disease.  Therefore, the clinical significance of many VTEC serotypes has yet to be 

elucidated. 

 

With the exception of O157 and some other serogroups, e.g. O26, O111, O128, 

VTEC belonging to other serotypes appear to be a heterogeneous group of bacteria.  

Methods have been largely based on detection of vtx genes (e.g vtx PCR) or VT (e.g.  

VT ELISA) but improved diagnostic methods for their isolation and the recognition of 

suspect VTEC colonies is needed. 



   
Report No.: MB/REP/106304 Page 96 t:\2008\cb\review\se00683 

 

relationships between different VTEC serotypes and the virulence and other 

genes they carry. 

 

As our understanding of these organisms has advanced, methods for their 

detection and isolation have developed and improved.  However, because 

severe human infections, including many large foodborne and waterborne 

outbreaks, have been caused by VTEC O157: H7, much of the past methods-

related research has focused on this serotype.  Methods for other VTEC 

serogroups/serotypes have been developed and validated (Capps et al. 2004)  

although they have not been widely adopted.  In January 2005, a working 

party was set up to discuss and ultimately develop an International 

Organization for Standardization (ISO) method for VTEC in foods.  The 

approach adopted included enrichment of the sample in a liquid medium (not 

confirmed) followed by DNA extraction and detection of the vtx genes (vtx1 

and vtx2) the eae gene and 5 serogroup-related genes (O157, O111, O26, 

O145 and O103) using the real time polymerase chain reaction (PCR) 

technique.  This approach is similar to the one recommened by the French 

Food Safety Agency (AFSSA), and described in the European Food Safety 

Authority (EFSA) Scientific Opinion of the Panel on Biological Hazards (EFSA 

2007).  Despite some progress in this area, methods for all VTEC are still 

developing and remain the focus of current research. 

 

Methods have now been developed specifically for the growth and isolation of 

VTEC from specific sample types (clinical, food, animal, water and 

environmental), although it remains common practice to use the same or 

similar techniques and media for a range of sample types.  For instance, the 

same diagnostic and selective properties are used to isolate E. coli O157: H7 

(H-) and other VTEC in a wide range of sample types including clinical, 

veterinary and food.  Consequently, some methods described in one section 

of this report (e.g. clinical) will also be relevant to other sections (e.g. food and 

animal).  To avoid repetition, some methods are described in detail in one 

section, although they may also be relevant to others.  However, some 

methods have been modified to make them more suitable for specific sample 

types and there have been developments, including the introduction of new 

methods for specific VTEC serotypes.  General properties of VTEC methods 

and media, as well as those appropriate to each of the different sample 

categories or applications, are described in the following sections. 
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3.1.1 General selective and diagnostic properties exploited by methods 

for Escherichia coli O157: H7 (H-) and other VTEC 

 

Unlike typical commensal E. coli and other VTEC, E. coli O157: H7 and  

O157: H- strains appear to belong to a distinct clonal lineage with various 

phenotypic characteristics that distinguish these strains from other E. coli.  

Perhaps the most important phenotypic features of the majority of E. coli 

O157: H7 strains are the lack of ɓ-glucuronidase (GUD) activity (Doyle and 

Schoeni 1987) and the inability to ferment sorbitol in 24h (Wells et al. 1983).  

Studies have revealed that in E. coli O157: H7, the gusA (uidA) gene which 

encodes GUD in E. coli, is intact (Feng et al. 1991) and identical to the gene 

in K12 except for two mutations, one (A to T) in the putative -10 promoter 

region although the promoter remains functional and another (T to G) at +92 

in the structural gene (Feng and Lampel 1994).  This +92 mutation is 

conserved among O157: H7 strains and is detected in both GUD positive 

O157: H7 and GUD positive O157: H- strains using an allele-specific 

oligonucleotide probe (Feng 1993).  Consequently this did not account for the 

lack of GUD activity.  In contrast, a subsequent study (Monday et al. 2001) 

has revealed several base mutations in gusA of GUD negative E. coli  

O157: H7, including a guanosine (G) dinucleotide insertion at +686 that has 

caused a frame shift in gusA, resulting in the generation of a premature 

termination codon which is responsible for the loss of GUD activity.  This 

mutation is not found in GUD positive O157: H- strains.  However, although 

loss of GUD activity is common in many O157: H7 strains, sorbitol negative 

GUD positive O157: H7 strains have been isolated from a patient with bloody 

diarrhoea in the USA (Hayes et al. 1995) and from an outbreak and sporadic 

cases in Japan (Nagano et al. 2002). 

 

The delayed capacity or inability to ferment sorbitol (Non sorbitol fermenting; 

NSF phenotype) is a common feature of the majority of EHEC O157: H7 

strains, which has also been reported among other EHEC serogroups (O26, 

O55 and O111) associated with HUS (Ojeda et al. 1995).  Sorbitol fermenting 

(SF) strains of O157: H- have been isolated from patients with HUS in 

Germany (Gunzer et al. 1992; Ammon et al. 1999; Karch and Bielaszewska 

2001) and the Czech Republic (Bielaszewska et al. 2000) and there is 

evidence of carriage in cattle of SF O157: H- strains associated with human 

infection (Bielaszewska et al. 2000).  There has also been a report of SF 

O157: H- strains in Australia which were also haemolytic on enterohaemolysin 

agar (Bettelheim et al. 2002).  This contrasts with the European SF O157: H- 

strains that do not express the hlyA gene, unlike typical EHEC O157: H7 

(Ammon et al. 1999; Karch and Bielaszewska 2001).  In the UK, a SF, GUD 

positive E. coli O157 was isolated from a child with HUS in Scotland (Allison 
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2002).  These examples highlight the limitation of relying solely on phenotypic 

characteristics, particularly SF for screening food and patients for EHEC 

O157.  The characteristics of sorbitol fermenting E. coli O157: H- and methods 

for their detection are described in a review by Karch and Bielaszewska 

(2001). 

 

3.1.1.1 Enrichment media 

 

For the growth and initial isolation of VTEC there is now a range of enrichment 

media that have been used extensively since their development.  Two of the 

most successful enrichment media used for E. coli O157 and other VTEC are 

tryptone soya broth (TSB) and E. coli broth (EC) with the addition of selective 

agents and with or without modifications to their original formulation.  Unlike 

the conventional broth, the amount of bile salts in modified EC broth (mEC) is 

reduced from 1.50g to 1.12g/l (Szabo et al. 1986).  This medium is often made 

more selective by the addition of 20mg/l novobiocin (mEC+n) (Okrend et al. 

1990).  By comparison, modified TSB (mTSB) differs from the conventional 

broth by the addition (per litre) of 1.5g bile salts No. 3 and 1.5g dipotassium 

phosphate (Doyle and Schoeni 1987).  This medium is also made more 

selective by the addition of 20mg/l novobiocin (mTSB+n).  A validated method 

(Scotter et al. 2000) for the detection of O157 from foods and animal feeding 

stuffs which uses mTSB+n, has now become an International Standard (ISO 

16654) method for the detection of E. coli O157 in foods (Anon 2001).  In 

contrast, there are currently no standard methods available for the detection 

of non-O157 VTEC in foods, although there are approaches described which 

can be used for foods and clinical samples (Paton and Paton 1998b; Duffy et 

al. 2001; Bettelheim and Beutin 2003). 

 

3.1.1.2 Immunomagnetic separation (IMS) technique 

 

The immunomagnetic separation (IMS) technique has become universally 

accepted and an integral part of many methods, including the International 

Standard method (ISO16654) (Anon 2001) for detection of E. coli O157 in 

foods and animal specimens.  Paramagnetic beads coated with antibodies 

selectively capture the target organisms, which can then be concentrated 

using a magnetic field, washed to remove interfering food debris and 

competitor organisms, suspended in a smaller volume of liquid and plated out 

or used with other detection systems. 

 

Previous studies have reported improved recovery, sensitivity and rapidity of a 

range of conventional and rapid test methods when used with IMS (Okrend et 

al. 1992; Mortlock 1994; Wright et al. 1994; Weagant et al. 1995; Bennett et 
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al. 1996; Bolton et al. 1996; Karch et al. 1996; Heckötter et al. 1997).  Besides 

beads coated with antibodies to O157, commercially available beads are now 

available for other serogroups including O26, O111, O103 and O145 for use 

with the IMS technique. 

 

3.1.1.3 Plating media for the isolation of VTEC 

 

In the same way that development of enrichment media and detection 

methods have been specifically developed for E. coli O157, the same is also 

true for selective plating media.  Unlike typical E. coli, including other VTEC 

strains, the phenotypic characteristics of the majority of O157 strains, in 

particular their inability to ferment sorbitol in 24h, has become the most 

popular diagnostic feature used in selective plating media.  The most 

commonly used isolation medium, which relies on this property, is Sorbitol 

MacConkey agar (SMAC).  Since it was described for the differentiation of  

E. coli O157: H7 from other E. coli in clinical samples (March and Ratnam 

1986), SMAC and modified versions of this medium have been universally 

adopted as the medium of choice for the isolation of E. coli O157.  A limitation 

of relying solely on the lack of sorbitol fermentation for the isolation of E. coli 

O157 is the existence of SF (sorbitol fermenting) strains (Fratamico et al. 

1993) and O157 strains that display both SF and GUD activity (Gunzer et al. 

1992; Allison 2002).  Alternatives to SMAC for O157 isolation include 

chromogenic media (Wallace and Jones 1996; Restaino et al. 1999), including 

some that allow isolation and recognition of other VTEC (Bettelheim 1998a) 

(see Section 3.3.1).  Blood agar containing washed sheep red blood cells 

allows recognition of enterohaemolysin production (Beutin et al. 1989; 

Bettelheim 1995) and provides a convenient diagnostic marker for VTEC, 

although not all VT-producing E. coli will produce enterohaemolysin (Schmidt 

and Karch 1996), which is a limitation, together with its lack of selectivity. 

 

3.1.1.4 Detection of O157 and other VTEC 

 

Conventional culture methods relying on enrichment, IMS and plating onto 

selective media are labour-intensive and provide a low degree of method 

specificity compared with some new technologies.  Many commercial end-

point detection systems have the potential to offer greater specificity, reduced 

hands-on time and shorter time to result.  Despite this, many still require 

cultural isolation and identification of the target organism to confirm the assay 

result.  Furthermore, irrespective of the end-point detection system used, all 

still depend upon sufficient numbers of target organism to guarantee detection 

or isolation.   
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Immunoassay-based systems typically require 105-106 cfu/ml for a positive 

result whereas for some molecular techniques such as PCR the detection 

level is lower and in the order of 103-104 cfu/ml.  Therefore, despite advances 

in technology and improved selectivity and rapidity of many assays, these 

methods are still heavily dependent on successful enrichment.  This reliance 

on growth therefore continues to be the single most important factor that 

prevents rapid methods from providing results within a working day. 

 

3.1.1.5 Immunological methods for the detection and confirmation of  

 VTEC from foods 

 

a) Detection of the organism 

 

The O-antigen of the O157 serogroup provides a convenient and specific 

target for immunological methods such as enzyme linked immunoassays 

(ELISA) and other assays that use antibodies to facilitate detection.  

Consequently, there is now a wide range of commercial immunoassays 

available for the detection of E. coli O157 in foods (Baylis and Limburn 2006).  

Despite the apparent specificity offered by antibodies, other bacteria, notably 

Citrobacter freundii, Citrobacter sedlakii, Escherichia hermannii, and 

Salmonella group N, also share the same or similar lipopolysaccharide (LPS) 

structures with E. coli O157 (Rice et al. 1992; Bettelheim et al. 1993; 

Vinogradov et al. 2000).  Loss of O157 O antigenicity has also been reported 

in colonies subjected to starvation conditions (Hara-Kudo et al. 2000b), so 

methods based solely on detection of the O157 antigen can have their 

limitations. 

 

b) Detection of Verocytotoxins (Shiga toxins)  

 

Despite the introduction of new technologies, the Vero cell assay 

(Konowalchuk et al. 1977) remains the ñgold standardò method for 

confirmation of Verocytotoxins.  The method is sensitive and relatively simple 

to perform, but is intended to be used to screen isolates or sample filtrates for 

VT, and not food samples directly.  Furthermore, the cytotoxicity for Vero cells 

is not specific to VT, therefore positive samples must be confirmed by other 

methods such as neutralisation with VT specific antibodies, which can be 

difficult to interpret especially with VTEC that produce low levels of VT.  

Commercially available immunoassays, including ELISA and those based on 

immunochromatography, and reverse passive latex agglutination (RPLA) have 

been developed specifically for the detection of VT from culture filtrates as 

well as enriched food and clinical specimen samples (Baylis et al. 2001; 

Scheutz et al. 2001b; Baylis 2003; Baylis and Limburn 2006).  These tests, 
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which commonly use monoclonal antibodies targeted against the VT 

molecule, still rely on enrichment and growth of the target organism and 

subsequent extraction procedures to provide detectable levels of VT.  As with 

other detection systems, enrichment and subsequent isolation and 

confirmation continue to be the major time limiting factors. 

 

3.1.1.6 Molecular approaches for detecting VTEC 

 

For the detection of VTEC in foods, molecular techniques have the potential to 

offer greater specificity and rapid results.  Detection of nucleotide sequences 

related to the toxin (vtx) genes using the PCR technique has become a 

popular method for detecting VTEC in foods and clinical samples (Pollard et 

al. 1990; Gannon et al. 1992; Read et al. 1992; Lin et al. 1993; Witham et al. 

1996).  Some PCR primers are specifically targeted at vtx1 and vtx2 gene 

sequences but not certain vtx2 variants (Pollard et al. 1990), whilst others also 

enable detection of the vtx2 variants (Gannon et al. 1992; Lin et al. 1993).  For 

confirmation of suspect isolates, DNA probes have also been developed 

(Newland and Neill 1988; Karch and Meyer 1989a; Samadpour et al. 1994). 

 

Alternative targets for DNA probes and PCR include the haemolysin (hlyA) 

gene (Lehmacher et al. 1998), the E. coli attaching and effacing (eae) gene 

(Louie et al. 1994; Willshaw et al. 1994; Meng et al. 1996), the ɓ-

glucuronidase (uidA) gene (Feng et al. 1991; Feng 1993) and the 60-MDa 

plasmid found in O157: H7 and other VTEC (Levine et al. 1987).  Multiplex 

PCR assays have been developed for the simultaneous detection of vtx1 and 

vtx2 together with uidA (Cebula et al. 1995), EHEC eaeA and the 60MDa 

plasmid (Fratamico et al. 1995), eaeA (Meng et al. 1997), eaeA and hlyA 

(Fagan et al. 1999), EHEC and O157 eaeA, and the O157 fli C (flagellin) gene 

(Gannon et al. 1997).  

 

3.1.1.7 Confirmation of suspect isolates 

 

Traditional confirmation of VTEC isolates from foods routinely involves 

confirmation of specific antigens, biochemical tests to confirm that the isolate 

is an E. coli and confirmation of toxin production by the isolate.  Biochemical 

profiles can be determined using individual biochemical tests (Edwards and 

Ewing 1972) or with the aid of a commercial biochemical test strip (Baylis and 

Limburn 2006).  Suspect isolates would then be subjected to further 

biochemical tests, O and H typing to determine serotype and a range of 

genetic typing methods to confirm and characterise the virulence genes 

carried by the isolate.   
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For VTEC this may include vtx typing (Bastian et al. 1998) to identify the 

particular VT encoded by the strain.  For epidemiology purposes pulsed field 

gel electrophoresis (PFGE) profiling remains popular, and unlike other VTEC, 

O157 strains can also be phage typed (Thomson-Carter 2001).   

 

The plethora of methods available for detection, isolation and characterisation 

of O157 VTEC is far from matched by equivalent methods for non-O157 

VTEC.  There is a clear and pressing need for new developments in this 

difficult and challenging field.  Only with the availability of reliable, sensitive 

and specific methods for the detection of non-O157 VTEC will the true 

incidence of these organisms in the environment, animals and foods be 

known and their involvement in cases of human clinical infection fully realised.   

 

3.2 Problems associated with VTEC detection and isolation 

 

It has become clear that even within E. coli there is much genome diversity 

between the different pathotypes.  Bacteriophage mediated horizontal transfer 

of genes, particularly putative virulence genes, as well as acquisition of genes 

from plasmids and other sources, has created a diverse array of pathotypes 

which are becoming more difficult to distinguish by the presence of particular 

virulence genes and clinical features alone.  The ability to detect, isolate and 

confirm the presence of VTEC in a range of sample types (human clinical, 

foods, animal, environmental, water etc) is therefore a challenge, which 

requires a specialist approach and careful consideration if tests are to be 

successful. 

 

Whilst VT production is a uniting feature of VTEC, not all strains carry the full 

complement of virulence factors associated with disease and infection in man 

(Beutin et al. 1995; Pierard et al. 1997).  Moreover, the exact complement and 

type of virulence factors required to cause disease and their role in 

pathogenesis remains unclear and requires further investigation.  

Consequently, method development for non-O157 VTEC in foods remains in 

its infancy.  Furthermore, some methods are merely adaptations of methods 

developed for the detection of these bacteria in clinical samples or specifically 

for the detection of those belonging to serogroup O157.  These methods are 

not always suitable or reliable for the detection of VTEC in foods.  By 

comparison, methods for the detection and isolation of VTEC O157 from 

foods have developed considerably and there is now a plethora of test kits, 

new methods and culture media available for this serogroup (Padhye and 

Doyle 1992; Meng et al. 1994; Vernozy-Rozand 1997).   
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In contrast to VTEC O157: H7 and (H-) strains, non-O157 VTEC show a high 

diversity in their genotypes, serotypes and other phenotypical traits and often 

resemble non-toxigenic faecal Escherichia coli strains for typical biochemical 

reactions and for their growth properties on standard culture media.  

Therefore, the identification of non-O157 VTEC from faecal samples, food or 

other sources is complicated. 

 

Owing to its public health importance, enrichment and isolation media have 

largely been developed for the clinical isolation of E. coli O157: H7.  However, 

these may be inappropriate for use with foods and other non-clinical samples.  

There are many factors which will affect successful detection and isolation of 

VTEC so it is important to use the most appropriate media and procedures for 

the sample being tested.  Competitive microflora is common to all types of 

sample but the number and diversity of other microorganisms present will vary 

between sample categories or be sample specific.  This is particularly true of 

foods as the competitor organism(s) present will largely depend on the origin 

of the food and its associated microflora, how it has been handled or 

processed and the intrinsic and extrinsic properties associated with a 

particular food.  All these factors will influence the composition of the 

microflora in the food and the size of this population as well as the growth and 

survival of the target organism.  Competitive microflora can inhibit or retard 

the growth of the organisms of interest, or can directly interfere with end-point 

detection methods, thus preventing successful detection and isolation of the 

target organisms.  The presence of high numbers of closely related bacteria, 

particularly in unprocessed foods and raw meats, represents a particular 

problem (Vold et al. 2000).  Furthermore, there are also specific problems 

associated with different types of sample which must also be considered and 

overcome if detection and isolation of VTEC is to be successful.  Successful 

isolation of VTEC is therefore dependent upon the compromise between 

selectivity and suppression of interfering organisms and the recovery and 

optimum growth of the target organism. 

 

3.2.1 Clinical specimens 

 

There are a large number of problems associated with the diagnosis of VTEC 

infection in the clinical laboratory.  In the early stage of infection there are 

large numbers of VTEC organisms in the faeces; they can contribute up to 

90% of all aerobic faecal flora at this stage (Paton et al. 1996).  The 

probability of isolating the causative VTEC strain from patients with severe 

disease such as HUS is also significantly greater during the diarrhoeal 

prodrome (Paton and Paton 1998b).  Unfortunately, characteristic clinical 

signs of infection can take up to a week to become apparent, by which time 
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the numbers of organisms have dropped quite considerably, or may have 

been eliminated altogether.  This presents a diagnosis problem.  Diarrhoea 

may no longer be present and the ideal specimen types may be limited.  

Consequently, the tests used for detection need to be very sensitive and 

specific, and work with small volumes.  Due to the severe complications of this 

infection, they also need to be rapid.  These problems are further 

compounded by the small infectious dose and potential for laboratory acquired 

infection, of which there has been several reported cases (Booth and Rowe 

1993; Coia 1998; Sheely 2001; Spina et al. 2005).  This has resulted in the 

classification of VTEC as Hazard Group 3 Biological Agents in the UK and 

other European countries (Health and Safety Executive, 1998).  

Consequently, these bacteria must now to be kept and handled in a 

Containment Level 3 (CL3) laboratory in these countries.  As with any 

infectious disease process a truly perfect test still eludes us, but there are 

many efforts to improve upon existing techniques and create new ones. 

 

Besides the problems associated with obtaining clinical samples, there are 

important considerations to be made regarding the number and type of 

specimens and the transport of the samples to the laboratory (Scheutz et al. 

2001b).  Ideally, faecal samples should be stored in air tight containers and 

are best tested within two hours of collection, otherwise they should be stored 

at 4°C and tested within 48h of collection (Scheutz et al. 2001b).  As with 

certain foods, direct PCR testing of faecal samples can be adversely affected 

by inhibitors in the sample which can be co-extracted with the bacterial DNA.  

In faecal samples, known inhibitors include bilirubins, bile salts, haem and 

complex carbohydrates, although commercial kits are now available to assist 

with extraction and purifying bacterial DNA from faeces (Holland et al. 2000). 

 

3.2.2 Foods 

 

In common with other foodborne pathogens, VTEC may not be 

homogeneously distributed throughout a food.  Instead, they are generally 

present in low numbers and often in the presence of high numbers of 

competitor organisms including strains of non-pathogenic E. coli and other 

closely related bacteria.  Increasing their number to detectable levels, while 

inhibiting the background flora, is therefore essential.  Furthermore, unlike in 

clinical samples, bacterial cells in some foods may have sustained sub-lethal 

injury from food processing conditions or from the effects of intrinsic factors 

such as low pH or inhibitory substances associated with a particular food.  

These cells are often more sensitive to some of the inhibitory substances, in 

particular bile salts and antibiotics, used in many culture media to suppress 

background flora.  If a method is to successfully detect these bacteria from 
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foods, it is important to provide optimum conditions for recovery and 

subsequent growth.  For the recovery of injured cells a suitable resuscitation 

step or pre-enrichment in a non-selective medium may be necessary.  Some 

of the practical problems associated with VTEC detection in foods is the 

subject of a published review (Baylis et al. 2001). 

 

3.2.3 Water and environmental 

 

Survival and detection of VTEC in water samples will depend on a number of 

factors, including whether the water is natural, untreated or treated.  At low 

temperatures, E. coli O157 in water has been shown to survive for up to 12 

weeks, although the organism appears to survive less well in untreated 

surface water compared to treated drinking water (Wang and Doyle 1998; 

Randall et al. 1999).  Problems associated with detection and enumeration of 

bacteria, including E. coli O157, in water using cultural methods include 

aggregation of cells into clumps and their failure to form visible colonies on 

solid media because of particular nutritional requirements.  Furthermore, cells 

present may have sustained injury or be present in a viable but non-culturable 

state so culture based methods can prove unreliable.  Membrane filtration 

techniques help with separation and concentration of target organisms from 

large volumes of water but these often rely on colony formation for detection 

and isolation and therefore suffer from the same problems as cultural 

methods.  If the numbers of E. coli O157 in water samples is to be determined 

it is important not to allow multiplication of the organism.  For this reason 

samples are generally refrigerated during transport to the laboratory. 

 

It is now well documented that VTEC, including O157, can also survive in 

other environments, including soil, manure, faeces, slurry and other sources 

(McDowell 2001) and consequently they can be widely disseminated by a 

range of domestic and wild animals.  The problems associated with these 

types of samples are similar to those described for animal and water samples.  

To maximize the chance of recovery, freshly collected samples should be 

taken and refrigerated during transport to the laboratory. 

 

3.2.4 Animal 

 

The problems encountered with detection and isolation of VTEC in animal 

samples such as faecal specimens and carcass samples are the same as 

those encountered with foods.  On farm, prevalence of VTEC in live animals is 

often assessed by sampling their faeces either via rectal swabs or fresh faecal 

droppings (Chapman 2001).  In healthy animals, shedding levels of VTEC 

may be low so enrichment techniques are needed to increase their numbers 
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to detectable levels or to increase the chances of isolation on solid media.  

The presence of high levels of competitive microflora may also retard or inhibit 

the growth of the target organisms and subsequently interfere with detection 

and isolation procedures.  To overcome these difficulties, samples are 

typically enriched in appropriate liquid medium containing selective agents 

which suppress competitor organisms but allow the target organisms to 

multiply. 

 

An example of such an enrichment medium is Buffered peptone water (BPW) 

supplemented with per litre; vancomycin (8mg), cefixime (0.05mg) and 

cefsulodin (10mg) (VCC), which has been used to isolate E. coli O157 from 

cattle faeces (Chapman et al. 1993).  However, the concentration of cefixime 

and cefsulodin used in BPW VCC has been reported to act synergistically 

against strains of E. coli O157 in foods (Bolton et al. 1995) and cefixime has 

been identified as an inhibitory factor against some O157 strains in pure 

culture (Weagant et al. 1995).  Consequently, some researchers have used 

BPW alone for enrichment of cattle faeces (Paiba et al. 2003; Synge et al. 

2003) or modified the amount or combination of antibiotics used, for example 

BPW supplemented with only vancomycin for cattle faeces (Omisakin et al. 

2003) and sheep faeces (Ogden et al. 2005). 

 

3.2.5 General VTEC method related problems 

 

As well as the problems associated with the intrinsic and extrinsic properties 

of the sample, there are other difficulties associated with current methodology 

which will influence and affect the success of initial detection and isolation. 

 

The majority of E. coli O157: H7 (H-) strains exhibit phenotypic characteristics 

(lack of ɓ-glucuronidase (GUD) activity and inability to ferment sorbitol in 24h) 

which have been used to facilitate their differentiation from other E. coli 

strains.  The presence of SF VTEC O157: H- strains which have been 

implicated in cases of human infection does compromise the reliability of 

using sorbitol fermentation as a diagnostic tool during primary isolation.  

However, the pilin subunit gene (sfpA) does provide a potential target for 

screening methods for SF E. coli O157: H- (Friedrich et al. 2004).  

Additionally, besides exploiting the GUD negative, NSF phenotype of VTEC 

O157, the O157 antigen itself provides a specific target for detection methods.  

In contrast, the remaining serotypes of VTEC are genetically diverse and 

biochemically similar to typical non-pathogenic E. coli.  For these reasons 

methods being developed for detection of VTEC are generally targeted at the 

detection of the toxin genes, the toxins themselves or other genes encoding 

putative virulence factors possessed by these bacteria.  However, molecular 
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methods such as PCR rely on amplification of target sequences present in 

DNA extracted from the sample.  Two problems associated with this technique 

include co-extraction of compounds that can inhibit the PCR reaction, and 

amplification of DNA from dead cells.  The former can be overcome by dilution 

or the use of separation methods such as those based on IMS.  Fortunately 

most pathogens, including VTEC, are present in foods and other samples at 

levels below the normal limit of detection of the PCR technique (103-104 cfu/g) 

so would not be detected without enrichment and multiplication of the live cells 

above this limit.  However, Uyttendaele et al. (1999) reported false PCR 

positive results for the O157 eae gene from ground beef when the numbers of 

dead cells exceeded 108 cfu/g.  Therefore, whilst false positive results are less 

of an issue with the current sensitivity of PCR, as techniques based on PCR 

become more sensitive this could become more of a problem in the future. 

 

Whilst VT production is a uniting feature of VTEC, not all strains carry the full 

complement of virulence factors associated with disease and infection in man 

(Beutin et al. 1995; Pierard et al. 1997).  Moreover, the exact complement and 

type of virulence factors required to cause disease and their role in 

pathogenesis remains unclear and requires further investigation.  

Consequently, method development for non-O157 VTEC, particularly in foods, 

remains in its infancy.  Furthermore, some methods are merely adaptations of 

methods developed for the detection of these bacteria in clinical samples or 

specifically for the detection of those belonging to serogroup O157.  These 

methods are not always suitable or reliable for the detection of VTEC in other 

samples such as foods, water, animal and environmental.  By comparison, 

methods for the detection and isolation of VTEC O157 from foods have 

developed considerably and there is now a plethora of test kits, new methods 

and culture media available for this serogroup (Padhye and Doyle 1992; Meng 

et al. 1994; Vernozy-Rozand 1997). 

 

3.3 Clinical diagnostic methods 

 

There are several reasons to establish new techniques and to improve 

existing VTEC detection methods.  Life-threatening complications such as 

HUS and neurological damage, particularly in infants and the elderly, can be 

caused by VTEC infections; therefore rapid and accurate diagnosis is 

important for clinical management.  In humans, VTEC infections are currently 

under-diagnosed, particularly infections caused by non-O157 VTEC strains 

(Acheson and Keusch 1996; Mead et al. 1999; WHO Scientific Working Group 

1999).  In relation to public health and particularly in outbreaks, early 

diagnosis can be essential for epidemiological intervention. 
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Because of the above-mentioned type diversity, rapid, easy and cost-effective 

methods for reliable isolation and identification of VTEC strains, independent 

of their serotype, are required.  A number of suitable methods for this purpose 

have been developed but there is no internationally recognised standard 

procedure.  These methods include biological assays, immunological 

methods, nucleic acid based assays and culture methods.  VTEC detection 

systems are also now commercially available in the form of standardised 

diagnostic kits. 

 

It must be noted that although some VTEC strains can be identified by 

screening for virulence markers other than VT (such as the eae gene) or for 

phenotypic traits, production of Verocytotoxin(s) is the only property which is 

common to all types of VTEC.  Therefore, a method which is suitable for 

identification and isolation of all VTEC strains should be based on the 

detection of Verocytotoxins or their genes.  The detection of VT production or 

vtx genes in clinical and other samples without attempting the subsequent 

isolation of a VTEC strain is incomplete and should be considered as a 

presumptive result.  Obtaining an isolate is a prerequisite for further 

characterisation of the VTEC strains, which is necessary for identification of 

outbreaks and infection sources, for subsequent epidemiological 

investigations, including detection of new emerging human pathogenic types.  

For these reasons, a test which is used for identification of VTEC in clinical or 

other samples should either be additionally suitable for VTEC isolation or 

should be used in conjunction with another test that can yield VTEC isolates in 

pure culture. 

 

3.3.1 Cultural methods for detection and isolation  

 
Several phenotypic characteristics of VTEC can be exploited in their detection 

by direct culture (Scheutz et al. 2001b).  Unlike other E. coli strains, the vast 

majority of VTEC O157: H7 do not ferment sorbitol in 24 hours and do not 

produce ɓ-glucuronidase.  Although no common biochemical denominator for 

all VTEC has been described, the NSF and GUD negative phenotypic 

properties of the majority of VTEC O157 (Ratnam et al. 1988) has facilitated 

detection in mixed flora on different selective media such as sorbitol-

MacConkey (SMAC) agar (March and Ratnam 1986; Krishnan et al. 1987) or 

4-methylumbelliferyl- -D-glucuronide (MUG)-containing medium (Thompson 

et al. 1990).  Growth on SMAC agar results in VTEC O157 being identified as 

pale grey, almost colourless colonies, whereas other E. coli ferment the 

sorbitol and grow as pink colonies.  Other characteristic phenotypical features 

of O157 are the failure to ferment rhamnose on agar plates and partial 

resistance to cefixime and tellurite.  Modifying SMAC medium by the addition 
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of rhamnose, or cefixime and/or potassium tellurite has been reported to 

improve detection of VTEC O157 because growth of most other E. coli is 

partially or completely inhibited (Chapman et al. 1991; Zadik et al. 1993).  

These biochemical features have been used individually or in combinations.  

However, all these methods not only fail to detect non-O157 VTEC but do not 

detect some O157 strains which may be sorbitol positive (Gunzer et al. 1992; 

Scotland et al. 1992), MUG positive (Gunzer et al. 1992; Hayes et al. 1995) or 

unable to grow on CT-SMAC (Karch et al. 1996).  Lastly, false positive 

sorbitol-negative non-VTEC O157 EPEC (Scotland et al. 1992) or E. 

hermannii (Lior and Borczyk 1987) may be identified. 

 

In 1994, a survey of clinical laboratories in the United Kingdom carried out by 

the Working Group of the ACMSF revealed that 95% of clinical diagnostic 

laboratories usually examined bloody diarrhoeal stools for E. coli O157: H7 

(Simmons 1997).  This Working Group recommended that all diarrhoeal stool 

samples should be examined.  Current recommendations in the UK are 

underlined by The Health Protection Agency BSOP 30:  

 

http://www.hpa.org.uk/srmd/div_esl_su/sops_docs/bsops/bsop30i5.pdf.   

 

This SOP states that all faecal specimens should be inoculated onto CT-

SMAC agar to screen for VTEC O157.  Limitations of this procedure include 

overgrowth of VTEC O157 colonies by other members of the 

Enterobacteriaceae family and the presence of E. hermannii, H. alvei or other 

bacteria that appear as NSF colonies.  Positive identifications should be 

notified and isolates sent to the reference laboratory for confirmatory 

serotyping, toxin testing and phage typing.  Another approach is to use PCR 

to screen faecal samples for the presence of VTEC and vtx-carrying bacteria 

(Paton and Paton 1998b).  This approach avoids the problems associated 

with methods that rely on a narrow range of phenotypic characteristics, which 

is particularly important when screening for VTEC, especially when non-O157 

VTEC are present, or are themselves the cause of the infection. 

 

3.3.2 Alternative methods 

 

Methods based on standard culture procedures remain popular for the 

detection and isolation of a wide range of bacterial pathogens from clinical 

specimens and tests for E. coli O157 and other VTEC are no exception.  

However, whilst the majority of E. coli O157 can be differentiated from other 

E. coli by their NSF and GUD negative phenotype, the majority of other VTEC 

are phenotypically similar or identical to commensal E. coli.  Consequently, 

alternative methods, particularly molecular based techniques, have become 
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the commonest approach for the detection of the VTEC group.  Although 

traditional methods for detection of E. coli O157: H7 often rely on NSF 

phenotype, there is now a plethora of alternative methods specifically for 

detection of this serogroup.  The convenience of the O157 antigen provides a 

useful target for immunological methods for detection, isolation and 

confirmation of VTEC O157.  Specific gene sequences associated with VTEC 

or VTEC O157 more specifically have also been developed.  Besides their 

specificity many alternative methods have the potential to provide results 

more quickly, sometimes within a working day compared to culture methods 

which can take several days.  For this reason these alternative methods are 

often referred to as ñrapid methodsò. 

 

Some of the alternative methods developed for screening clinical specimens 

are also used for other non-clinical samples (e.g. foods and animal samples).  

Therefore, some of the examples of commercial kits given in Section 3.3.2.2.6 

and alternative methods described for clinical specimens may also be 

applicable to these samples.  Methods for the rapid detection, identification 

and characterisation of VTEC are the topic of a review by Bettelheim and 

Beutin (2003) and have also been covered in previous reviews (Paton and 

Paton 1998b; Scheutz et al. 2001b). 

 

3.3.2.1 DNA based methods 

 

DNA based methods for detection and identification of VTEC include both 

PCR and probe techniques.  PCR is particularly well suited for screening for 

VTEC whereas probes are better suited for characterisation of individual 

isolates.  Amplification of target genes present in food, stool, or primary stool 

cultures has been found to be problematic compared with samples containing 

pure culture bacterial isolates.  This is due to the presence of non-specific 

inhibitors which can cause false-negative PCR amplification results.  The 

sensitivity of the PCR assay for detection of VTEC in stool specimens has 

been reported to vary between 10 to 106 cfu/ml (Scheutz et al. 2001b).  In 

addition to the presence of inhibitors, the purity of target DNA and the PCR 

protocol have a considerable influence on sensitivity. 

 

3.3.2.1.1 Polymerase chain reaction (PCR) 

 
Using primers directed towards the vtx genes (Pollard et al. 1990), the PCR  

technique may be performed directly on DNA extracted from stool (Brian et al. 

1992; Ramotar et al. 1995; Karch et al. 1996; Takeshi et al. 1997; Louie et al. 

1998), stool mixed in a reagent cocktail (Okamoto et al. 1998), on primary 

culture from colonies or from broth after enrichment which may be in selective 
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(MacConkey, mTSB, mEC etc.) or non-selective (BHI, TSB etc.) media 

(Piérard et al. 1994; Thomas et al. 1994; Piérard et al. 1997). 

 

Detection sensitivity from stool specimens can be increased by enrichment 

culture although there is currently no generally accepted protocol or procedure 

for enrichment when screening clinical specimens for VTEC.  The other 

advantage of broth enrichment is that inhibitors in the sample are diluted.  

Sensitivity may further be influenced by the presence of non-target cells 

(Weaver and Rowe 1997).  Detection of VTEC O157 and non-O157 VTEC by 

semi-automated fluorogenic polymerase chain reaction (TaqMan) (Sharma et 

al. 1999) and an eaeO157 TaqMan (Oberst et al. 1998) have been described.  

Bastian et al. (1998) have published a panel of different PCR amplification 

protocols for detection of vtx gene sequences in clinical and other samples, 

and have developed a subtyping system for vtx genes by restriction fragment 

analysis of PCR products.  Two different approaches for PCR-based VTEC 

diagnostic tests have been described.  One type of protocol uses primers 

specific for target sequences situated in the conserved region of the A-subunit 

of vtx1, vtx2 and vtx2-variants in order to detect all genotypes of vtx in one 

reaction (Karch and Meyer 1989b; Read et al. 1992; Lin et al. 1993; Paton et 

al. 1993), see Table 3.1.  Other protocols use different primer sets for target 

sequences which are specific for vtx1, vtx2, or vtx gene variants respectively; 

see Table 3.1.  These different primer sets can be used in separate PCR 

amplifications or in combination in a multiplex PCR.  Commercial PCR tests 

targeting the vtx genes will become more widely available and this will allow 

their application in diagnostic laboratories.   

 

Although PCR is a suitable method for screening large numbers of samples, 

additional laboratory work is required for obtaining a pure VTEC isolate from a 

PCR-positive sample that involves testing individual colonies for the presence 

of VT-genes or for VT-production.  This can be very laborious and a suitable 

method applicable to diagnostic laboratories is not available at present. 
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Table 3.1    Examples of studies with polynucleotide and  

 oligonucleotide DNA probes and PCR primers 

 

vtx gene Polynucleotide Oligonucleotide PCR 

All vtx 

  Karch & Meyer (1989b) 

Read et al. (1992) 

Lin et al. (1993) 

Paton et al. (1993) 

vtx1 

Kurazono et al. (1987) 

Willshaw et al. (1987) 

Newland & Neill (1988) 

Brown et al. (1989) 

Karch et al. (1989a) 

Bitzan et al. (1991) 

Thomas et al. (1991) 

Yoh et al. (1997b) 

Pollard et al. (1990) 

Brian et al. (1992) 

Woodward et al. (1992) 

Cebula et al. (1995) 

vtx2 
Willshaw et al. (1987) 

Yutsudo et al. (1987) 

Brown et al. (1989) 

Karch et al. (1989a) 

Hii et al. (1991) 

Thomas et al. (1991) 

Thomas et al. (1993) 

Yoh et al. (1997b)  

Tyler et al. (1991) 

Brian et al. (1992) 

Jackson et al. (1992) 

Cebula et al. (1995) 

 

 

3.3.2.1.2 Gene targets 

 
Fourteen PCR systems targeted at vtx genes were tested by Bastian et al. 

(1998).  Only one (Lin et al. 1993) detected all vtx genes.  Two other 

screening methods (Karch and Meyer 1989b; Read et al. 1992) detected all 

VTs except the vtx2f gene found in strain HI-8 serogroup O128 (Konowalchuk 

et al. 1977). 

 

Target genes other than vtx have been used as a supplement to the direct 

detection of vtx genes by PCR.  Virulence genes and epidemiological markers 

have provided targets for multiplex PCR or other sequenceïbased detection 

methods which may be used in the screening, detection or characterisation of 

VTEC.  Primers have been directed against either the rfb region encoding the 

O157 antigen (Desmarchelier et al. 1998; Maurer et al. 1999) or the serotype 

specific gene fliC for the H7 flagella including RFLP of the amplified product 

(Fields et al. 1997), or both antigens (Nagano et al. 1998).  Other 

combinations of primers in multiplex PCR protocols include the O157 antigen, 

eae and plasmid pO157 (Fratamico et al. 1995), and VT, eae and fliC (H7) 

(Gannon et al. 1997).  Serogroups O26, O111 and O113 have also been 

targeted (Paton et al. 1996; Louie et al. 1998; Paton and Paton 1999a).  The 

O antigen detection of rfbO111 and rfbO157 by PCR has been combined with 

specific targeting at vtx, eae and ehxA (Paton and Paton 1998a), and an 
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upstream eaeO157 sequence together with vtx has been described (Meng et 

al. 1997).  Primers to detect the LPS-specific genes rfbE (O157), wbdl (O111), 

wzx (O26) and ihp1 (O145) (Perelle et al. 2004) and wzx (O103) (Perelle et al. 

2005) have been used in the AFSSA method for detecting the 5 major VTEC 

serogroups in foods.  These primers have been included in the draft ISO 

method for the detection of STEC in foods (Dr Stephano Morabito personal 

communication). 

 

3.3.2.1.3 Colony hybridisation 

 
Colony hybridisation assays with gene probes specific for vtx1, vtx2 and vtx2- 

variants have been widely used and applied for testing large numbers of 

isolates or for the direct screening of colonies on primary isolation plates.  

Colony hybridisation has the advantage that identification and isolation of vtx-

positive colonies is performed in one step.  However, the complexity of the 

colony hybridisation assay makes it unsuitable for routine diagnostic 

laboratories.   

 

A variety of VT probes have been described for use in colony hybridisation 

assays.  Polynucleotide DNA probes were the first to be used, and are listed 

in Table 3.1.  They require the use of at least one probe for VT1 and another 

for VT2 unless specific variants are being sought.  Oligonucleotide DNA 

probes are described in numerous studies, some of which are listed in Table 

3.1. 

 

3.3.2.2 Biological assays 

 

Cytotoxicity assays provide a method of screening for the presence of VTEC 

but are very laborious for isolation as individual colonies have to be tested.  

Moreover, cytotoxicity assays require laboratories to be equipped for cell 

culture and the test procedure is relatively time consuming and expensive.  

For these reasons, cytotoxicity tests are restricted for use in reference or 

specialist laboratories. 

 

3.3.2.2.1 The Vero cell assay (VCA) 

 
The assay using Vero cells to detect VT was first described by Konowalchuk 

et al. (1977) and has been used for screening cultures for VT in polymyxin B 

extracts of colony sweeps (VT/PECS) (Karmali 1987).  Vero monolayers are 

examined for cytopathic effects after 48 to 72 hours.  However, the specificity 

of cytotoxicity tests for Verocytotoxins may be affected by other cytotoxins 

which might be present in stool or stool cultures.  Neutralisation assays with 



   
Report No.: MB/REP/106304 Page 114 t:\2008\cb\review\se00683 

 

specific antisera against VT1, VT2 and VT2-variants provide the specificity for 

these cytotoxicity assays.  Although the VCA is less specific than PCR and 

some ELISAs, it still remains the gold standard method because of its high 

sensitivity. 

 

3.3.2.2.2 Free faecal Verocytotoxin (FVT) 

 
For detection of free VT in faeces, a small portion is emulsified in PBS, 

centrifuged and filtered before testing the sterile supernatant in the VCA.  

(Karmali et al. 1985; Karmali 1987).  Sterile filtration of the supernatant can be 

omitted if antibiotics such as gentamicin and amphotericin B are added to the 

growth medium.  Subsequent neutralisation tests of positive specimens are 

required.  An alternative to free faecal VT is to grow bacteria directly from 

stool.  The VTEC are grown up in a suitable enrichment medium in which they 

produce toxin that can be extracted by filtration and detected using a suitable 

assay.  This approach also has the advantage of diluting out inhibitors in the 

sample.  However, a disadvantage of filtration is the potential loss of toxin 

caused by toxin sticking to the filter. 

 

3.3.2.2.3 ELISA 

 
Several ELISAs have been developed for direct detection of VTs and can 

usually provide a result within one day.  An ELISA technique combined with 

enhanced toxin production, by culture with mitomycin C, detected VT1 and 

VT2 from VTEC O157 in mixed culture when represented by 1% and 0.025% 

respectively of the mixture.  VT2 from O157 VTEC added to faecal samples 

was detected when O157 comprised less than 0.1% of the coliform population 

(Law et al. 1992).  Receptor based ELISAs ((R) ELISAs) using the P1 

glycoprotein from hydatid cysts (Acheson et al. 1990) or the Gb3 receptor are 

also both sensitive and specific.  Gb3 or hydatid cyst fluid are used to coat the 

solid phase.  After incubation, bound toxin is detected using a second VT-

specific antibody followed by the appropriate anti-immunoglobulin-enzyme 

conjugate.  The Gb3 based (R)ELISAs detected VT1 in polymyxin extracts of 

a mixed culture when the toxin-positive strains represented only 1% of the 

mixture (Ashkenazi and Cleary 1990), with 100% specificity (Basta et al. 

1989).  ELISA for the detection of O157 from stool specimens is both more 

sensitive and more specific than conventional Sorbitol-MacConkey agar 

(SMAC) culture (Park et al. 1996).  In general, the (R)ELISAs are rapid and 

sensitive for the detection of presumptive VTEC positive specimens, 

especially where low numbers of the organism are present in faeces and 

when the infection is caused by non-O157 VTEC (Law et al. 1994). 
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3.3.2.2.4 Immunomagnetic beads 

 
Commercially produced magnetic beads coated with antibody were first used 

for the detection of E. coli O157.  The range of immunomagnetic beads has 

been increased to include O26, O103, O111 and O145.  Use of 

immunomagnetic separation (IMS) provides an effective means of selecting 

for a specific O serogroup in mixed cultures.  Several studies have 

demonstrated that the use of IMS before plating on CT-SMAC significantly 

increases the isolation rate of E. coli O157 from faecal samples (Chapman 

and Siddons 1996a; Karch et al. 1996).  Karch et al. (1996) also reported that 

the IMS technique allowed the detection of O157 strains at 102 cfu/g of stool in 

the presence of 107 coliform background flora.  However, such tests need to 

be combined with other methods for the detection and isolation of VT-positive 

isolates of specific O serogroups. 

 

3.3.2.2.5 Colony immunoblot 

 
The colony immunoblot allows identification and isolation of VT-producing 

bacterial colonies among a VT-negative background in ratios of up to 1:1000 

or higher.  The sensitivity of the assay can be further enhanced by treatment 

of the bacteria with mitomycin C or antibiotics resulting in increased release of 

Verocytotoxins.  Antimicrobials that increase VT release include quinolones, 

trimethoprim, furazolidone and fosfomycin (Yoh et al. 1997a; Kimmitt et al. 

1999; Kimmitt et al. 2000).  It is important to note that strains producing VT2 

and VT2c showed the highest increases in toxin titre on exposure to 

antimicrobials and mutagens.  In the UK, VTEC O157 strains producing VT2 

and VT2c are the most common and the ones most closely associated with 

severe human disease.  The specificity of the assay depends primarily on the 

antibody chosen for detection (Karch et al. 1986).  An immunoblot assay 

examined in a field setting was able to detect VT-producing E. coli with a high 

level of sensitivity and specificity.  This method was considered to be a rapid 

and reliable alternative to DNA probing for the detection of VT-producing 

organisms in stool samples (Hull et al. 1993).  The colony immunoblot 

technique is labour intensive and therefore VTEC detection by this method is 

currently restricted to specialised laboratories.  Colony immunoblot assays are 

now commercially available. 

 

3.3.2.2.6 Commercial diagnostic kits for VTEC 

 

Commercial kits are generally easy to use and do not require specialised 

laboratories.  However, as stated previously the subsequent isolation of a 

VTEC strain from a positive sample can be difficult and laborious as individual 
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isolates have to be tested for VT-production or the presence of vtx genes.  A 

number of different diagnostic kits for detection of VT are now available and 

are used in routine diagnostic laboratories.  Some of the kits can be used for 

detection of VT in stool, stool cultures and bacterial isolates.  The sensitivity of 

commercial VT-ELISA kits for detection of small amounts of VT has been 

shown to be lower compared to the Vero cell cytotoxicity assay, although 

sensitivity can be increased by antibiotic treatment.  False-positive reactions 

have been reported, particularly when faecal material was used for direct 

testing.  In addition to ELISAs, a reverse passive latex agglutination (RPLA) 

assay is available as a kit.  Polymyxin B extracts from cultures or culture 

filtrates are incubated with VT1 and VT2ïspecific antibody coated latex 

particles and examined for agglutination after 24 hours. 

 

There are published studies on the performance of some these commercial 

kits for testing clinical specimens (Mackenzie et al. 1998; Beutin et al. 2002b; 

Kehl 2002; Werber et al. 2002).  Some kits were unable to detect all the VT2 

variants, for example, VT2e.  However, in general most of the kits 

demonstrate good specificity for the different VTs.  A review on the diagnosis 

of VTEC infection by detection of VTs has been published (Gavin et al. 2004) 

and it is recommended that all diarrhoeal stools are screened for VTEC as it is 

stated that VTEC may be as prevalent as Shigella spp.  The use of SMAC or 

CT-SMAC fails to detect non-O157 as well as some VTEC O157.  In this 

study in IIinois, USA all stools were screened by a VT assay during the 

summer months (June-September).  VT-positive specimens were then 

subjected to further tests for epidemiological surveillance.  Over a three-year 

period, 59% of the VTEC isolated were non-O157.  It was concluded by Gavin 

et al. (2004) that screening using a toxin assay was sensitive and cost 

effective.  In addition to immunologically-based kits, a number of PCR kits for 

detection of E. coli O157: H7 are now commercially available (Table 3.6).  

Some of the kits that are available commercially, together with commercially 

available diagnostic media exploiting traditional phenotypic characteristics, are 

presented in Tables 3.2 to 3.6. 
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Table 3.2 Examples of commercially available confirmation and  

screening tests based on serological detection of E. coli 

O157 and other O-group antigens 

 

Name of assay Manufacturer Diagnostic principle Comments 

EPEC/VTEC kit SSI Slide agglutination Selected O groups 

VTEC kit Sifin Slide agglutination Selected O groups 

E. coli O157-AD 

and ïF, O26- and 

O111F 

Denka Seiken Latex agglutination Selected O groups 

Microscreen O157 
Microgen 

Bioproducts 
Latex agglutination E. coli O157 

Bacto E. Coli 

antisera 
Difco Tube agglutination E. coli O157 and H7 

RIM Oxoid (Remel) Latex agglutination E. coli O157 

E. coli O157 Oxoid Latex agglutination E. coli O157 

Dryspot O157 Oxoid Latex agglutination E. coli O157 

Serocheck Oxoid Latex agglutination 
O26, O145, O111, 

O103, O157 

Prolex O157 
Pro Lab 

Diagnostics 
Latex agglutination E. coli O157 

EcolexO157 
Orion 

Diagnostics 
Latex agglutination E. coli O157 
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Table 3.3 Examples of commercially available screening tests based  

on serological detection of E. coli O157 and other O-groups 

 

Name of assay Manufacturer Diagnostic principle Comments 

Biocard EHEC 

Test 
Ani Biotech OY Immunochromatography E. coli O157 

VIDAS ECO bioMérieux Automated ELFA E. coli O157 

VIDAS ICE bioMérieux Immunoconcentration assay E. coli O157 

NOW Binax Immunochromatography E. coli O157 

VIP BioControl Inc. Immunochromatography E. coli O157 

Assurance EHEC BioControl Inc. ELISA E. coli O157 

Tecra E. coli 

O157 visual 

immunoassay 

3M Health Care ELISA E. coli O157 

Path-Stik O157 Celsis Immunochromatography E. coli O157 

EZ COLI Difco Tube EIA E. coli O157 

E. coli O157 LMD Lab. ELISA E. coli O157 

Pathatrix O157 
Matrix 

Microscience 

Immunocaputure and 

concentrations 
E. coli O157 

Singlepath O157 Merck Immunochromatography E. coli O157 

ImmunoCard 

STAT! 

Meridian 

Diagnostics 
Immunochromatography 

E. coli O157 and 

H7 

Reveal Neogen Corp. Immunochromatography E. coli O157 

Alert for O157 Neogen Corp ELISA E. coli O157 

Transia Card O157 BioControl Inc. Immunochromatography E. coli O157 

Transia Plate  

E. coli O157 
BioControl Inc. ELISA E. coli O157 

 



   
Report No.: MB/REP/106304 Page 119 t:\2008\cb\review\se00683 

 

Table 3.4 Tests based on screening for phenotypic markers 

 

Name of commercial 

medium or test 
Manufacturer Principle of assay Comments 

SMAC 
Oxoid, Difco and 

others 

Sorbitol 

fermentation 
NSF-E. coli O157 

CT-SMAC 

CT-Supplement 

can be ordered 

from most media 

suppliers 

Sorbitol 

fermentation 
NSF-E. coli O157 

CR-SMAC Oxoid 
Rhamnose 

fermentation 
E. coli O157 

Harlequin  SMAC-BCIG LabM 

-glucuronidase 

production and 

sorbitol 

fermentation 

NSF-E. coli O157 

Fluorocult E. coli O157: 

H7 Agar 
Merck 

-glucuronidase 

production and 

sorbitol 

fermentation 

NSF-E. coli O157 

PGUA SSI 
-glucuronidase 

production 
NSF-E. coli O157 

BBL E. coli O157 

CHROMagar 
Becton Dickinson 

Chromogenic 

substrates 
E. coli O157 

RainbowÊ Agar O157 Biolog Inc. 

Chromogenic 

detection of ß-

galactosidase and 

ɓ-glucuronidase 

NSF-E. coli O157  

O157 Detection agar AES Chemunex 
Chromogenic 

substrates 
NSF and SF-E. coli O157 

CHROMagar  O157 CHROMagar 
Chromogenic 

substrates 
E. coli O157 

Enterohaemolysin-Agar Oxoid, Heipha  

Detection of the 

enterohaemolytic 

phenotype 

NSF-E. coli O157, major 

EHEC types, O26, O103, 

O111, O145 and others 

Enterohaemolysin-Agar + 

Antibiotic supplements 
Heipha  

Detection of the 

enterohaemolytic 

phenotype 

NSF-E. coli O157, major 

VTEC types, O26, O103, 

O111, O145 and others 
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Table 3.5 Commercially available EIA/ELISA tests that detect  

 Verocytotoxins (Shiga toxins) 

 

Name of commercial 

assay 
Manufacturer 

Principle of 

assay 
Comments 

Premier-EHEC 
Meridian 

Diagnostics 
ELISA 

Non-discriminative detection 

of VTs 

ProSpecT Shigalike 

Toxins 
Alexon Solid phase EIA 

Non-discriminative detection 

of VTs 

Ridascreen®-

verotoxin ELISA 

 r-biopharm 

rhône 
ELISA 

Non-discriminative detection 

of VTs 

Transia Plate 

Verotoxins 
BioControl Inc. ELISA 

Non-discriminative detection 

of VTs 

Verotox-F 

Denka Seiken, 

distributed by 

Oxoid 

RPLA 
Detects VT1 and VT2+variants 

separately 

VeroTestTM  
Antex Biologics 

Inc. 
ELISA 

Non-discriminative detection 

of VTs 

VTEC-screen Denka-Seiken RPLA 

Designed for testing mixed 

stool cultures i.e. colony 

sweeps for VTEC, non-

discriminative detection of VTs 
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Table 3.6 Examples of commercially available screening tests based  

on detection of gene (DNA) sequences found in E. coli O157 

and other Verocytotoxin-producing E. coli 

 

Name of commercial 

assay 
Manufacturer 

Principle of assay 

(platform) 
Comments 

Foodproof Detection  

PCR for E. coli O157 
Biotecon/Roche PCR (LightCycler) E. coli O157 specific 

TaqMan  E. coli O157: 

H7 Detection kit 

Applied 

Biosystems 
PCR (TaqMan) E. coli O157 specific 

Bax for E. coli O157: H7 Qualicon PCR (Bax) E. coli O157 specific 

Loopamp Verotoxin 

typing kit 
Eiken Chemical 

Loop mediated 

isothermal 

amplification 

Differentiates VT1 

and VT2  

Loopamp E. coli O157 

Detection kit 
Eiken Chemical 

Loop mediated 

isothermal 

amplification 

E. coli O157 specific 

Loopamp VTEC 

Detection kit 
Eiken Chemical 

Loop mediated 

isothermal 

amplification 

All VTEC (Stx genes) 

GENEVISION for E. coli 

O157 

Warnex 

Diagnostics Inc 
PCR (Genevision) E. coli O157 specific 

 

3.3.2.2.7 Enrichment methods 

 

In clinical laboratories, direct plating of stool samples onto selective media 

such as CT-SMAC is common practice.  This approach can be satisfactory if 

the organisms are being shed in sufficient numbers and it also provides a 

relatively rapid method of screening.  However, screening of faecal samples 

for VTEC may require enrichment because the number of VTEC bacteria in 

clinical samples can be quite variable and may be low, especially in cases of 

HUS.  Moreover, if a screening method such as ELISA or PCR is used, the 

numbers of target organisms need to be increased to above the detectable 

level, which is typically 105-106 and 103-104 cfu/ml respectively, for these 

types of assay.  In previous studies, stool specimens have been enriched in 

MacConkey broth prior to performing ELISA tests for O157 antigen (Stapp et 

al. 2000) and toxins (Novicki et al. 2000; Gavin et al. 2004).  In another study 

comparing direct plating against ELISA and PCR methods, stool specimens 

and swabs were first enriched in EHEC medium (Heipha, Heidelberg, 

Germany) prior to performing these tests (Pulz et al. 2003).  For the detection 

of pre-formed toxins in enriched samples it may also be necessary to increase 
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toxin production by growing VTEC in enrichment media supplemented with 

certain antibiotics or by treating samples with polymyxin to improve release of 

toxin into sample supernatants prior to performing the assay (Baylis et al. 

2001; Baylis 2004).  Shaken incubation is also a common feature of these 

procedures as it has been shown to increase growth rate and also toxin yield 

compared with static cultures (Baylis et al. 2001).  Many of the commercially 

available tests for detection of toxins also recommend specific media and 

procedures prior to performing these assays, as these have generally been 

optimised to give the best performance with the assay, or they are validated 

procedures with approved performance. 

 

3.3.3 Serodiagnostic methods 

 

An alternative approach to providing evidence of both O157 and non-O157 

VTEC infection is to detect VTEC-related antibodies in patientsô sera.  

Serodiagnosis is valuable in providing evidence of infection with VTEC when 

screening and isolation tests for both O157 and non-O157 VTEC are 

negative, particularly in cases of HUS and in outbreak investigations.   

 

Patients infected with VTEC O157 express serum antibodies to the O157 

lipopolysaccharide antigens (Chart et al. 1989).  The majority of patients 

produce antibodies of the IgM class (Chart et al. 1989; Chart et al. 1991c; 

Bitzan et al. 1993; Greatorex and Thorne 1994) but not IgG (Chart and Rowe 

1993).  Approximately 12% of patients produce serum antibodies of the IgA-

class only (Chart and Rowe 1992).  Screening sera from patients with HUS for 

antibodies to E. coli O157 LPS (Chart et al., 1989, Chart et al., 1991) 

confirmed the value of immunological tests for detecting evidence of infection 

with E. coli O157.  A preliminary ELISA using purified LPS from E. coli O157, 

supported by immunoblotting, was found to be the most reliable procedure 

when used with a polyclonal anti-human detection antibody.  Serology can be 

used for the detection of current infection with VTEC O157, and may also be 

used to examine stored sera for a retrospective diagnosis (Chart et al. 1991b).  

The kinetics of antibody production has been investigated to a limited extent 

(Chart et al. 1991c), but our knowledge of when patientsô antibodies are 

expressed maximally remains unclear.  However, it would appear that 

antibodies to E. coli O157 LPS are at levels below detection for some four 

days post infection. 

 

Salivary antibodies to the LPS of E. coli O157 have also been detected.  An 

analysis of saliva samples from patients with serum antibodies to the LPS of 

E. coli O157 showed that approximately 70% of patients also produced anti-

O157 LPS antibodies in saliva (Chart and Jenkins 1998).  The use of salivary 
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antibodies is of particular interest for the serological analysis of very young 

patients, where taking samples of blood may be difficult.  Furthermore, saliva 

samples can easily be taken on several occasions where repeated samples of 

blood may be considered as undesirable. 

 

Serological cross-reactions have been studied and antibodies produced to 

O157 LPS have been shown to cross react with the somatic antigens of B. 

abortus (Chart and Rowe 1992), certain strains of Citrobacter freundii (Chart 

et al. 1993b), V. cholerae O1 Inaba and group N Salmonella (Chart et al. 

1993a); a one-way cross reaction was observed with strains of Yersinia 

enterocolitica O9 (Chart et al. 1991a). 

 

The production of antibodies to the LPS of VTEC, other than E. coli O157, has 

also been examined (Chart and Rowe 1990; Ludwig et al. 1996).  Jenkins and 

Chart (1999) detected serum antibodies to the LPS of E. coli belonging to 

serogroups O5, O26, O115, O163, and O165 but our understanding of the 

antibody response to these non-O157 VTEC remains poor.  Patients infected 

with VTEC O157 may also produce antibodies to proteins expressed by these 

bacteria during pathogenesis, such as the proteins intimin, Tir and EspA 

(Jenkins et al. 2000).  Although antibodies to these proteins were not detected 

in all patients, intimin and EspA can also be used in immunoassays alongside 

VTEC LPS. 

 

A commercial latex agglutination kit has been developed by Oxoid Limited 

which detects antibodies binding to O157 LPS, providing a rapid test for 

infection with E. coli O157 (Chart 1999).  Serological tests to provide evidence 

of infection with E. coli O157 have been shown to be a valuable adjunct to 

bacteriological procedures for detecting culturable VTEC and VT.  The use of 

well-characterised LPS antigens in association with the more conventional 

techniques of ELISA and immunoblotting provide valuable procedures for 

detecting evidence of infection with E. coli O157 and other VTEC.   

 

3.3.4 Conclusions (and Recommendations) 

 
The suitability of diagnostic methods for the detection and isolation of VTEC is 

determined by technical and economic factors.  Ideally, screening in a 

diagnostic laboratory should cover all VTEC strains.  Thus, any assay is 

evaluated by its sensitivity and specificity for different types of VTs or vtx 

genes.  The relative sensitivity and specificity of a diagnostic test can be 

calculated as the number of samples reacting positive, or negative 

respectively, in relation to a ñgold standardñ chosen as an indicator of ñtrueñ 

positive and ñtrueñ negative isolates.  This type of evaluation can be 
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performed in specialised laboratories with a collection of reference strains and 

standard reagents.  The diagnostic sensitivity and specificity can then be 

evaluated using clinical samples.  Any VTEC assay which is developed for 

diagnostic purposes or for epidemiological studies should be easily adaptable 

by other laboratories which require high reproducibility of the test results.  In 

general, commercially produced and supplied test kits are most likely to 

guarantee a standardised product which is also widely available. 

 

Cost is an essential consideration for any diagnostic test.  The labour and 

reagent costs must be seen in relation to the expected benefits.  Medical 

indications focusing the routine application of VTEC diagnostics to selected 

clinical features such as bloody diarrhoea or HUS, certain risk groups (such 

as paediatric patients) and particular situations (such as outbreak 

investigations) might be helpful for limiting general costs.  Secondly, a test 

result must be available in time for appropriate action.  Rapid test results are 

crucial for avoidance of inappropriate therapy in patients and for prevention of 

further spread of VTEC infection.  Finally, a test system which is intended for 

broad application must be suitable for routine laboratories and should be 

feasible without requiring expensive laboratory equipment. 

 

Although many sensitive and specific methods have been developed for the 

detection of VTEC, most of these cannot be easily adopted in routine 

diagnostic laboratories.  There may be a lack of generally available 

standardised test reagents in sufficient quantities, or problems with the 

implementation of a test because it is too laborious, time consuming or 

expensive.  However, detection of VTEC in the routine diagnostic laboratory is 

essential for establishing an effective surveillance and control system in the 

human population. 

 

Of the different detection systems, very few are useful for the isolation of 

VTEC from mixed cultures in a single step procedure.  Commercially available 

diagnostic kits can be used for screening of VTEC based on detection of VT 

or vtx genes.  Screening of clinical samples for VTEC can be problematical 

when low numbers of VTEC are present and suitable techniques need further 

development and standardisation. 

 

3.4 Methods for animal specimens 

 

Animals, particularly bovine species, are the main reservoir host for VTEC 

O157.  As a result, it is important not only to perform surveillance but also to 

understand the mechanisms of colonisation and persistence.  To this end, 

there is a variety of ongoing research to look at more rapid and sensitive ways 
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to detect and control VTEC, both O157 and non-O157, colonisation of 

animals.  Compared with other parts of the UK and other European countries, 

Scotland reports higher rates of VTEC human infection (Locking et al. 2006) 

and is amongst the highest in the world.  It also follows that Scotland has one 

of the highest rates of cattle colonisation.  Several prevalence studies have 

been funded there using standardised methods.  Animal and farm studies 

have used faeces or droppings for sampling and in abattoir studies rectal 

contents have been examined. 

 

Rectal samples should ideally be collected from individual animals and this is 

commonly achieved using a standard swab which obtains a faecal sample of 

about 0.4 to 0.5g (Chapman 2001).  The alternative approach, which is more 

convenient, is to sample faecal droppings, although these must be fresh and 

kept moist and stored chilled during transport to the laboratory.  Besides the 

sampling method in studies investigating herd prevalence of VTEC, the 

number of samples taken from individual animals and the statistical 

confidence of obtaining positive animals must also be carefully considered.  

These factors were originally determined by Cannon and Roe (1982) and 

recently presented by Chapman (2001).  Sample size and number have 

recently received attention because these can affect success of detection.  In 

a study by Sanderson et al. (1995), 10g bovine faecal samples were reported 

to be slightly more sensitive (5.4%) than swab faecal samples, but this 

difference was not significant.  In the same study, they demonstrated that 0.1g 

swab faecal samples enriched at 37°C overnight in TSB supplemented with 

cefixime (50ng/ml) and vancomycin (40µg/ml) and plating onto CT-SMAC, 

which was the best medium, provides a sensitive method for large scale 

studies.  Moreover, plating swab samples (0.1g) onto CT-SMAC at two 

dilutions (10-3 and 10-4) was reported to be more sensitive and although 6h 

IMS detected the most positives, it was not significantly more than the plating 

method outlined above.  Testing 1g samples of faeces per dropping with IMS 

has been reported to yield sensitivity of detection rates as low as 20 to 50%, 

but this can be nearly doubled by testing two 1g samples rather than one 

(Pearce et al. 2004).  It would therefore appear that multiple dropping samples 

(comprising a number of subsamples) can potentially increase method 

sensitivity and improve detection of E. coli O157 in these samples. 

 

3.4.1 Cultural methods for detection and isolation 

 

In the past, enrichment of faecal samples and swabs from animals was 

performed in selective media (BPW VCC, mTSB, mEC+n etc).  However, 

there was a realisation that some of these media could also be inhibitory to  

E. coli O157 and other VTEC as well as suppressing the competitor 
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organisms.  Consequently, some researchers removed or reduced the 

concentration of the selective agents, especially the antibiotics, in these 

media, whereas others adopted non-selective media such as buffered 

peptone water (BPW) to enrich samples prior to IMS and direct plating.  

Examples of media and methods used in prevalence studies of VTEC in cattle 

are given in Section 6 (Tables 6.1 and 6.2). 

 

The most recent large scale surveillance studies were the Wellcome funded, 

International Partnership Research Award in Veterinary Epidemiology 

(IPRAVE) research work which followed up on the Scottish Executive 

Environment and Rural Affairs Department (SEERAD) study.  The SEERAD 

study was a national surveillance study that was commissioned after the 

Lanarkshire outbreak in 1996.  Both of these studies were restricted to farms 

in Scotland.  A Department for Environment, Food and Rural Affairs (DEFRA) 

funded project also investigated the prevalence of VTEC O157 in cattle, 

sheep and pigs at slaughter in Great Britain and on cattle on farms in England 

and Wales. 

 

From all these studies, when dealing with animal specimens, primarily faeces, 

the method of choice is enrichment followed by immunomagnetic separation.  

This is followed by culture, usually onto CT-SMAC, and confirmation using 

latex agglutination.  This method has been described by the IPRAVE study 

(unpublished data) as having a limit of detection of 10 cfu/g of faeces.  Further 

testing using PCR, serotyping, phage typing etc. was performed in each of 

these studies but the isolates needed to be recovered first in order to pursue 

this, hence, the culture based approach. 

 

The most common approach involved the suspension of 1 gram of faeces, 

within 48 hours of collection, into 9ml of buffered peptone water (BPW), and 

incubation at 37°C (± 1°C) for 6 hours.  Following incubation, the BPW was 

added to serogroup specific-coated immunomagnetic separation (IMS) beads.  

After incubation and washing, the beads were resuspended and the 

suspension plated onto either CT-SMAC or ChromAgarÊ.  The plates were 

incubated at 37°C for 18 hours.  Morphologically distinct colonies were 

isolated and tested using either latex agglutination or slide agglutination.  All 

positive samples were kept and stored at -80°C.  Further testing was then 

carried out as each project warranted. 

 

Robinson et al. (2004) investigated the efficiency of using the spiral plate 

count method to enumerate larger number of specimens relatively quickly. 

They found the method reliable and accurate but limited in terms of sensitivity.  
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For specimens containing less than 102 cfu/g faeces, they recommended 

using a more sensitive method such as enrichment to aid recovery. 

 

3.4.2 Alternative methods 

 

All of the alternative methods for the animal studies in Scotland relied on first 

obtaining the bacterial isolate.  Some of the more important questions asked 

of these studies were to determine prevalence and detail the characteristics of 

the isolates found.  Multiplex PCR was used to detect genes encoding VT1 

and VT2 (vtx1, vtx2), intimin (eae) and, in the IPRAVE study, also 

enterohaemolysin (hlyA).  This was done following a protocol detailed in a 

paper by Paton and Paton (1998a).  A single bacterial colony was emulsified 

in saline and PCR performed as detailed with the exclusion of the O antigen 

primers.  The results were obtained by visualisation or absence of a band of 

the correct size (vtx1: 180bp, vtx2: 255bp, eae: 384bp, ehl: 534bp).  Other 

studies have moved to the use of real time PCR for the detection of these 

genes but in these large studies in Scotland a gel based approach was 

followed.  There are many new methods being evaluated but a consensus 

method needs to be used by all studies to ensure reproducibility and 

consistency. 

 

3.4.3 Serodiagnostic methods 

 

In furthering knowledge about non-O157 VTEC, the IPRAVE study looked at 

determining the sensitivity and specificity of the IMS technique for isolating 

non-O157 VTEC strains, particularly O26, O103, O111 and O145.  They used 

material collected from farms as part of the study and also spiked faeces 

samples.  The possibility of raising the incubation temperature from 37°C to 

42°C was also addressed.  Their findings indicated that the reliable minimum 

bacterial detection limits for non-O157 are at least 10 fold higher than for 

O157, in the region of 103 cfu/g faeces.  The study also conducted 

experiments that confirmed that BPW is the most suitable enrichment medium 

and although they found that incubation at 42°C demonstrated a slight 

advantage, this was not found to be statistically significant.  They found that, 

particularly for O26 strains which are the most prevalent non-O157 strains, the 

IMS technique was 2.5 times more sensitive than replica colony plating and 

DNA hybridisation with vtx probes. 

 

3.5 Methods for food samples 

 

Owing to the early recognition that E. coli O157: H7 and other VTEC are 

foodborne pathogens, it is not surprising that there has been substantial 
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research activity and technological advances relating to food microbiology 

methods.  The public health significance of VTEC O157 has resulted in a 

large amount of research into the organism and its growth characteristics and 

the development and introduction of a wide range of methods for its isolation 

and detection in foods.  Although methods capable of detecting all VTEC have 

been developed, no standard method currently exists, but an ISO standard 

procedure is currently being developed.  In contrast, a standard method for 

the detection of E. coli O157 from foods and animal feeding stuffs has been 

validated (Scotter et al. 2000) and is now an International Standard 

(ISO16654) method for the detection of this pathogen in foods (Anon 2001). 

 

In addition standard method ISO16654, there are also other published 

methods available for the detection of E. coli O157 from foods.  Examples 

include the US Food and Drug Administration (FDA) Bacteriological Analytical 

Manual (BAM) and the US Department of Agriculture (USDA) Food Safety 

Inspection Service (FSIS) method etc.  Many of the developments and 

procedures for the detection and isolation of E. coli O157: H7 and other VTEC 

have been described in published reviews (Doyle and Schoeni 1984; Padhye 

and Doyle 1992; Paton and Paton 1998b; Park et al. 1999; De Boer and 

Heuvelink 2000; Baylis et al. 2001; Bettelheim and Beutin 2003; Deisingh and 

Thompson 2004). 

 

Detection of VTEC in foods currently relies upon effective recovery of low 

numbers of cells which may have sustained sub-lethal injury from food 

processing conditions, followed by specific isolation and confirmation 

techniques.  The O antigen of VTEC O157 provides a convenient target for 

immunological techniques such as immunoassays and slide agglutination 

tests which can be used to confirm suspect VTEC O157 colonies.  There are 

now numerous immunoassays and ELISA-based tests for detecting or 

confirming the presence of O157 in foods, or detecting the toxin in food 

enrichments or culture supernatants (see Table 3.5 and Section 3.3.2.2.6) 

 

For food testing, 25g has become the internationally recognised sample size 

for pathogen tests, including all of the ISO methods.  For large scale 

screening of ground beef for E. coli O157: H7, composite (375g) samples 

comprising 15 randomly collected 25g samples into one composite has been 

adopted by some laboratories.  This approach is similar to the statistical 

sampling plan used for Salmonella detection in the food industry and it also 

provides an economical advantage to the industry.  However, in one study by 

Tsai et al. (2000), detection of E. coli O157: H7 in 25g beef samples 

compared with composite 375g samples did not affect sensitivity of the IMS-

ELISA method used, although it was concluded that a sampling plan using a 
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375g composite sample should be considered by those applying hazard 

analysis and critical control point (HACCP) programs. 

 

a) Detection of VT 

 

For the detection and confirmation of Verocytotoxins the current ñgold 

standardò method is the Vero cell assay (VCA) (Konowalchuk et al. 1977).  

This method has a high level of sensitivity for all known VT variants.  

However, because the presence of cytotoxicity may not always be due to the 

presence of VT in certain sample filtrates, positive results should be confirmed 

by testing for neutralisation of cytotoxicity by specific antibodies to VT1 and 

VT2 (Smith and Scotland 1993).  Although the VCA is a sensitive diagnostic 

method for VT detection, it is time consuming and labour intensive and relies 

on the laboratory having appropriate tissue culture facilities and antisera 

against VTs which are not commercially available.  This test is therefore not 

appropriate for laboratories that test for VT infrequently or which require a 

rapid screening method for detecting VTEC in foods.  An alternative approach 

is to use a molecular-based method, such as the polymerase chain reaction 

(PCR) targeted against the vtx genes, or an immunological-based method 

such as those based on the enzyme-linked immunosorbent assay (ELISA) 

principle to detect VT in sample or culture filtrates (Paton and Paton 1998b; 

Bettelheim and Beutin 2003).  Although commercial kits are available for 

detection of VT, many of these have been developed for testing filtrates from 

colony sweeps or clinical samples whereas others can be used directly on 

food sample homogenates.  Whilst some of the VT detection kits have been 

specifically developed for detection of VT in clinical specimens, most can also 

be used to successfully screen foods using appropriate enrichment and toxin 

extraction procedures (Baylis et al. 2003b).  The Ridascreen Verotoxin ELISA 

(r-biopharm-Rhône, Germany) has been developed for screening foods and 

there is a published study reporting the performance of the Premier EHEC 

assay (Mendian Diagnostics) for the detection of STEC from ground beef and 

milk (Acheson et al. 1996).  As with molecular methods that can be used to 

screen foods for vtx gene sequences, the main practical problem remains 

isolation and confirmation of VTEC from mixed cultures. 

 

b) Immunomagnetic separation (IMS) 

 

As well as detection, immunological methods can be used to concentrate and 

improve recovery of target organisms from mixed populations.  A good 

example is the IMS technique (see 3.3.2.2.4) which has now become an 

integral part of methods for VTEC O157 detection and isolation because it can 

substantially improve method sensitivity.  In a study by Ogden et al. (2001a), 
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BPW supplemented with vancomycin (8mg/l) incubated at 42°C, followed by 

IMS and plating onto CT-SMAC and chromogenic media (Rainbow or 

CHROMagar) proved optimum for recovery of stressed E. coli O157 in minced 

beef, cheese, apple juice and pepperoni.  Some commercial systems have 

also employed IMS procedures to separate and concentrate food pathogens, 

including E. coli O157.  The Pathatrix method (Matrix Microsciences) uses a 

novel circulating system to maximise contact between potential pathogens in 

a sample and the IMS particles.  This allows rapid detection of low levels of 

pathogens such as Salmonella and E. coli O157 in one day.  The assays from 

Bioveris incorporate IMS as part their detection systems by using magnetic 

attraction to bring together the target cells and attached chemiluminescent 

labels to the detection electrode.  The principles of IMS have also been 

applied by bioMérieux to operate on their VIDAS platform to increase the 

speed and specificity of their tests for Salmonella and E. coli O157. 

 

Whilst detection of VTEC O157 is important, the specificity of the antibody 

coated beads will dictate which serogroup is captured and therefore restricts 

isolation of that serogroup only.  However, since the World Health 

Organisation (WHO) recognised 5 VTEC serogroups (O26, O111, O103, 

O145 and O157) as important foodborne pathogens (WHO Scientific Working 

Group 1999), commercially available IMS beads have become available for 

these other serogroups (Dynal, Norway; LabM,UK).  These beads and the 

IMS technique have been used to successfully detect VTEC O26 and O111 

from minced beef using enrichment and plating procedures (Catarame et al. 

2003) and real-time PCR (O'Hanlon et al. 2004), and also from minced beef, 

cheese, apple juice and pepperoni followed by plating onto tryptone bile x-

glucuronide (TBX) agar (Drysdale et al. 2004). 

 

c) Molecular based methods 

 

More recently, molecular techniques have been adopted to detect O157 and 

other VTEC by targeting DNA probes against, or by using PCR assays to 

detect, specific gene sequences associated with the toxins or other virulence 

genes present in these bacteria.  Whilst VTEC O157 has unique 

characteristics that distinguish it from other E. coli (including non-pathogenic 

strains), other VTEC are basically E. coli that have acquired genes that enable 

them to produce toxins and cause severe infection in man.  Consequently, 

methods tend to be molecular based and are still being developed for these 

other non-O157 VTEC. 

 

AFSSA developed a two step PCR method for detecting pathogenic VTEC in 

foods which has been decribed in a report by EFSA (EFSA 2007).  The first 
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step involves screening enriched food samples for vtx1 and vtx2.  This is 

followed by testing vtx-positive samples using a second PCR for genes 

encoding the LPS of the 5 main serogroups O157, O111, O26, O145 and 

O103.  Any samples PCR-positive for the O157 LPS gene are subjected to a 

suitable method for the detection and isolation of E. coli O157.  The remaining 

vtx-positive samples are tested using the IMS technique with beads specific to 

the remaining 4 serogroups (O26, O103, O111 and O145).  This provides 

suspect VTEC colonies which can then be subjected to biochemical and 

serological confirmation as well as PCR confirmation of the vtx genes and eae 

(EFSA 2007).  This approach is suitable for detection and isolation of VTEC 

belonging to 5 important serogroups and it does highlight vtx-positive 

samples, but it restricts the isolation of other VTEC serogroups.  This can be 

easily facilitated by subjecting vtx-positive samples to isolation of E. coli and 

subsequently screening suspect E. coli colonies for vtx genes and subsequent 

biochemical and serological confirmation.  The combination of the AFSSA 

method and the isolation and confirmation of VTEC from vtx-positive samples 

has been included in a draft ISO method being developed for the isolation of 

STEC from foods (Dr Stephano Morabito, personal communication). 

 

3.5.1 Culture methods for detection and isolation 

 

The requirement for enrichment of food samples and the problems 

encountered with foods is covered in Section 3.5.1.1 and by Baylis et al. 

(2001).  Whereas, in clinical specimens, these bacteria may be present at 

reasonably high levels, in foods they may be present in substantially lower 

number, possible single cell quantities, and in the presence of high numbers 

of closely related competitor organisms, including other, non-pathogenic  

E. coli.  Moreover, in foods the cells may be sub-lethally injured by intrinsic 

factors (pH, salt preservatives etc.) or extrinsic factors (storage temperature, 

gaseous environment etc.) associated with the food or from processing 

(heating, freezing etc.) conditions.  These cells will be more sensitive to the 

selective agents used in many media, including bile salts and antibiotics, as 

well as elevated incubation temperatures.  Consequently, certain media used 

for clinical specimens may not be appropriate for foods.  Whilst it is important 

to provide optimum growth conditions to encourage multiplication of these 

bacteria to enable isolation on appropriate selective diagnostic media, 

achieving high numbers of target organisms is essential when using many 

rapid methods because failure to do so will yield false negative results. 
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3.5.1.1 Enrichment media 

 

Two of the most successful enrichment media used for detecting E. coli O157 

and other VTEC in foods are tryptone soya broth (TSB) and E. coli broth (EC) 

with the addition of selective agents and with or without modifications to their 

original formulation.  Unlike the conventional broth, the amount of bile salts in 

modified EC broth (mEC) is reduced from 1.50g to 1.12g/l (Szabo et al. 1986).  

This medium is often made more selective by the addition of 20mg/l 

novobiocin (mEC+n) (Okrend et al. 1990).  By comparison, modified TSB 

(mTSB) differs from the conventional broth by the addition (per litre) of 1.5g 

bile salts No. 3 and 1.5g dipotassium phosphate (Doyle and Schoeni 1987).  

This medium is also made more selective by the addition of 20mg per litre 

novobiocin (mTSB+n).  The Standard method (ISO 16654) for the detection of 

E. coli O157 from foods and animal feeding stuffs uses mTSB+n and 

incorporates the IMS technique prior to plating onto selective diagnostic media 

such as CT-SMAC. 

 

In previous studies, EC medium and mEC medium supplemented with 

novobiocin have been used for the detection of E. coli O157 from foods 

(Szabo et al. 1986; Bennett et al. 1995; Hara-Kudo et al. 1999; Hara-Kudo et 

al. 2000a).  In the study by Hara-Kudo (2000), mEC+n was used successfully 

to detect two strains of E. coli O26 from foods.  However, some VTEC strains 

may not grow, or show poor growth in this medium and other media 

developed specifically for the detection of E. coli O157 and this can be 

influenced by incubation temperature (Baylis 2004).  In a published study, the 

optimal growth temperature of 20 strains of O157 and 12 non-O157 VTEC in 

Mueller-Hinton broth was reported to be 40.2 and 41.2°C, respectively 

(Gonthier et al. 2001).  Whereas 37°C has been used commonly to isolate 

VTEC, including VTEC O157, elevating the incubation temperature to 42°C 

does assist isolation by inhibiting or retarding the growth of competitor 

organisms (Bolton et al. 1995).  However, unlike many E. coli strains, growth 

of E. coli O157: H7 is reported to be poor at 44°C (Doyle and Schoeni 1984).  

In a later study (Ferenc et al. 2000), it was reported that growth of E. coli 

O157: H7 strains in EC broth at elevated temperatures (42.4, 43.5, 44.5 and 

45.5°C) was often dependent on the initial cell density or the presence of low 

numbers of phenotypic variants tolerant of the selective agents, particularly 

bile salts No.3, used in EC broth.  It is therefore apparent that some strains 

could be missed if the correct choice of medium and incubation temperature is 

not made.  Moreover, for certain foods it may be necessary to provide a 

resuscitation step, by incubating foods in non-selective or semi-selective 

media at a lower temperature (37°C) before selective enrichment at 42°C 

(Baylis et al. 2001). 
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Whilst various enrichment media have been developed for the growth and 

detection of VTEC O157 from foods there are fewer media developed 

specifically for non-O157 VTEC.  Instead, media which have been developed 

for E. coli O157, coliforms or other members of the Enterobacteriaceae are 

generally employed.  Whilst some of these media (e.g. mTSB and BPW) 

appear to be suitable, others can inhibit or retard the growth of some non-

O157 VTEC and should be avoided (Baylis et al. 2003a; Baylis 2004).  For the 

detection of non-O157 VTEC from foods, Catarame et al (2003) used TSB 

supplemented with cefixime (50µg/l), vancomycin (40mg/l) and potassium 

tellurite (2.5mg/l) incubated at 41.5°C for the detection of E. coli O26 and the 

same medium without potassium tellurite for E. coli O111.  This same media 

combination was also used by Hanlon et al. (2004) to detect O26 and O111 in 

minced beef by real time PCR.  By comparison, Drysdale et al. (2004) showed 

that BPW incubated at 42°C provided optimum growth conditions for stressed 

E. coli O111 and O26 cells which, together with IMS and isolation on 

MacConkey agar and TBX, yielded good recovery from foods. 

 

Irrespective of whether the end point detection method is to be direct plating 

or detection by an alternative method such as ELISA or PCR, current VTEC 

methods still rely on successful cultural enrichment of these bacteria from a 

food to achieve detectable numbers.  This reliance on growth and 

multiplication of the target bacteria means that enrichment remains the 

slowest and hence most important rate limiting factor of most, if not all, rapid 

methods.  One approach that overcomes this problem is direct PCR (DPCR), 

which has been used to detect E. coli O157 using primers to vtx genes directly 

in environmental water and milk samples (Fode-Vaughan et al. 2003).  

However, in contrast with conventional PCR, this method has greater potential 

to detect DNA from dead cells which could give misleading results. 

 

3.5.1.2 Plating media 

 

As with clinical and animal samples, media based on SMAC, notably CT-

SMAC, have become the most popular isolation media for the isolation of 

VTEC O157: H7.  However, as mentioned previously, this reliance on NSF 

phenotype has limitations, especially when SF strains of VTEC O157: H- are 

present and the NSF phenotype is no longer appropriate when a screen for all 

VTEC is required.  In these situations, it would be appropriate to use a second 

medium in parallel which does not rely on SF.  Examples include chromogenic 

media such as tryptone bile X-glucuronide (TBX) agar which can be used for 

the isolation of GUD positive E. coli and would therefore be suitable for the 

majority of VTEC.  There are also commercially available chromogenic media 

that have diagnostic properties which enable recognition of E. coli O157 and 
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other E. coli or VTEC separately on the same plate.  Examples include 

Rainbow agar and CHROMagar O157 (Bettelheim 1998a; Bettelheim 1998b) 

and E. coli O157 ID agar (Baylis et al. 2004).  Blood agar containing washed, 

sheep red cells, which allows recognition of enterohaemolysin production 

(Beutin et al. 1989; Bettelheim 1995), has been used for the isolation of VTEC 

from foods (Hudson et al. 2000), but is not generally suitable for direct use 

with foods because of its poor selectivity. 

 

Although detecting the potential presence of VTEC using vtx PCR can be 

relatively straight forward, confirming PCR positive samples culturally and 

isolating VTEC from these samples remains difficult.  Consequently, it is not 

uncommon for samples to yield high vtx positive results using PCR whilst 

confirmed results can be considerably lower.  In a study by Khan et al. 

(2002b), 55 out of 111 samples of beef were positive for VTEC using a 

multiplex (vtx1 or vtx2) PCR assay but VTEC could only be isolated from 4 

(7.3%) of the 55 samples.  In this same study, it was reported that the 

laboratory usually had to screen approximately 500 colonies to yield a positive 

PCR result in an attempt to isolate VTEC.  In a study by Barkocy-Gallagher et 

al. (2003), calculated isolation efficiency is reported for non-O157: H7 VTEC 

from PCR (vtx) positive samples.  Although there is some variation between 

samples, the average isolation efficiency for cattle faeces, hides, pre-

evisceration carcasses and post-intervention carcase samples was 56.8%, 

61.3%, 59.8% and 54.0%, respectively.  Similar problems have also been 

reported for dairy products, with one study reporting isolating VTEC from only 

34 of 104 PCR-ELISA positive samples, giving a recovery rate of 32.7% (Fach 

et al. 2001).  In a later study of raw milk cheeses by Vernozy-Rozand et al. 

(2005), similar problems of isolating VTEC were encountered.  In this study, 

VTEC were isolated from 18 of 136 stx (vtx) positive samples, giving a 

recovery rate of 13%.  Recovery was aided by the use of the colony 

hybridisation technique although this method was reported to be time 

consuming and problems were still encountered with these types of product, 

notably interference by competitor organisms. 

 

Furthermore, although selectivity is an important feature of plating media, cells 

which have sustained sub-lethal injury from treatments and processing 

conditions such as heating and freezing, or directly from intrinsic factors 

associated with the food or medium are often sensitive to the selective agents 

used in their composition.  This is less of a problem with cells that have been 

enriched, but it has more serious consequences when using a direct plating 

method to enumerate cells and determine the survival or growth 

characteristics of these organisms in foods or liquid media.  Selective media 

reported to give good recovery and growth performance for stressed cells 
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include modified eosin methylene blue (MEMB) agar (Rocelle et al. 1995), 

Rainbow agar O157 (Taormina et al. 1998), phenol red sorbitol agar with 4-

methylumbelliferyl- -D-glucuronide (PRSA-MUG) and PRSA supplemented 

with 1% pyruvic acid (PRSA-PA)(Conner and Hall 1994; Ahmed and Conner 

1995).  Resuscitating stressed cells on membranes placed on a non-selective 

medium before transfer onto SMAC (McCarthy et al. 1998) or providing a 

resuscitation period on non-selective media followed by overlaying with 

selective medium (McCleery and Rowe 1995) are alternative approaches to 

direct plating. 

 

Therefore, despite improvements in methods for the detection of VTEC, an 

appropriate selective diagnostic medium or isolation technique, which is 

cheap and easy to use, has yet to be developed.  Finding a reliable diagnostic 

marker that could be incorporated into media for the primary isolation of all 

VTEC would greatly improve methods for the isolation of VTEC from foods.  

Currently, the methods available enable successful detection but the 

subsequent isolation and confirmation of VTEC from mixed food cultures 

remains a problem. 

 

3.5.2 Alternative methods 

 

Numerous commercial immunoassays have been compared and validated for 

the detection of E. coli O157 in foods (Niroomand and Lord 1994; Bennett et 

al. 1995; Flint and Hartley 1995; Chapman and Siddons 1996b; Cohen and 

Kerdahi 1996; Feldsine et al. 1997a; Feldsine et al. 1997b; Heuvelink et al. 

1997; Vernozy-Rozand et al. 1998; Onoue et al. 1999).  Although specificity is 

often dependent not only on the type of antibodies used in these assays, but 

also the enrichment protocol, the food matrix being tested and the associated 

indigenous microflora will influence the sensitivity of these assays compared 

with conventional culture methods.  Examples of commercially available kits 

that have also been used to detect VTEC O157, and where appropriate, other 

VTEC in foods are given in Table 3.3. 

 

The UK Food Standards Agency (FSA) funded research to develop and 

validate 3 methods for detection of VTEC from foods (Capps et al. 2004).  

These methods included a vtx PCR, O157 and vtx lateral flow immunoassay 

and a VT ELISA.  For the enrichment of samples mTSB+n incubated at 

41.5°C gave good results with a range of VTEC serotypes inoculated at low 

level (<9 to 375 cfu/g) in minced beef, apple juice, milk and salami. 

 

The quantification of adenosine triphosphate (ATP) using the enzyme 

luficerase has been used widely in the food industry.  Currently, many 
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companies use ATP based systems to very rapidly test the hygienic status of 

the food processing environment.  Such procedures detect any contaminating 

ATP, i.e. that contained in foods, and that from a microbial source.  ATP 

bioluminescence can be used to detect and enumerate microorganisms.  To 

achieve this, some form of separation of microbial ATP from food derived ATP 

must be achieved.  This separation is possible and a number of commercial 

ATP systems which allow microbial enumeration within foods are available.  

One of the major advantages of ATP bioluminescence is its speed.  As a 

hygiene test, a result can be obtained within a minute, forming an excellent 

way of assuring that correct cleaning of equipment has been done before 

production starts.  As a microbial test, ATP bioluminescence has found a 

more limited use, perhaps because of its limited sensitivity to microbial 

numbers, requiring approximately 104 bacteria/ml to be present before 

detection occurs. 

 

ATP bioluminescence has always been considered as a non-specific test, 

able to give total counts only.  However, there have been attempts to make 

specific tests based around ATP detection systems.  One such approach 

being investigated by Alaska Food Diagnostics in the UK involves an ATP 

amplification system and confers specificity by the use of specific, lytic 

bacteriophage, able to release cell constituents from only those cells that the 

phage can infect.  This system also uses IMS as a part of the concentration 

procedure prior to detection to increase the speed and selectivity of the test.  

Using this system, the specific detection of very low levels of E. coli O157 in 

food samples has been achieved within 8 hours. 

 

3.6 Methods for water samples 

 

As with all samples for VTEC detection, the methods remain primarily the 

same with some key alterations to optimise for specimen type.  Water 

presents its own dilemma in terms of volume, and as a result, dilution factor.  

This has to be addressed in order to make detection methods feasible.  Water 

borne infections are uncommon but have been reported.  They have been 

associated with consumption of contaminated drinking water (Swerdlow et al. 

1992; Jones and Roworth 1996) and also with swimming in contaminated 

lakes (Keene et al. 1994) or paddling pools (Hildebrand et al. 1996).  The 

small amount of water ingested by swimmers in the Oregon outbreak (Keene 

et al. 1994) is in agreement with the low infectious dose of E. coli O157. 

 

Over 99% of the UK population is served by piped mains public supply of 

treated drinking water.  As a result, the incidence of VTEC infection from 

water consumption is low and mechanisms for surveillance and screening 
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both exist, and are regulated.  A publication from the Environment Agency, 

The Microbiology of Drinking Water, details the methodology for testing of 

water for different pathogenic bacteria.  There is a specific section (Anon 

2002) that addresses screening for O157 (The Microbiology of Drinking Water 

- Part 4 ï Methods for the isolation and enumeration of coliform bacteria and 

Escherichia coli including E. coli O157: H7) and can be referred to for further 

details. 

 

3.6.1 Culture methods for detection and isolation 

 

As detailed in the publication, The Microbiology of Drinking Water, the ideal 

method for the detection of O157 in water is based on selective enrichment 

and immunomagnetic separation.  All steps of the method yielding 

presumptive positives should be performed in a Containment Level 3 (CL3) 

facility.  This method is also employed by the Health Protection Agency (HPA) 

and is published in their national Standard Operating Procedures (SOPôs): 

 

(http://www.hpa.org.uk/srmd/div_esl_su/sops_docs/wsops/W16i3.pdf).  

 

The principle of this method involves concentration of organisms by passing a 

defined volume of water through a membrane filter or by the use of a filter aid.  

The membrane filter/pad is then incubated in a selective liquid enrichment 

medium.  This is followed by immunomagnetic separation and subculturing 

onto a selective medium, CT-SMAC.  Characteristic colonies are then 

identified and confirmed by both conventional biochemical and serological 

tests.  All positive isolates should then be sent to the Laboratory of Enteric 

Pathogens, Specialist and Reference Microbiology Division, Health Protection 

Agency, Colindale, London for confirmatory testing, phage typing and 

demonstration of Verocytotoxin (VT) production. 

 

This method has been simplified in the HPA SOP as a flowchart shown in 

Figure 3.1. 
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Figure 3.1 

Example of a method used for the detection of E. coli O157 from water 

 
 

Source: Health Protection Agency 

 

Reporting of the sample is either as detected or not detected, followed by the 

volume of water tested, usually 1 litre. 

 

3.7 Methods for environmental specimens 

 

Environmental specimens usually involve specimens that have been 

contaminated from another originating source.  The environment is not a 

primary reservoir for VTEC.  The main area for concern is soil as a result of 

the addition of sewage treatment and animal sludges, which may contain 

VTEC.  These types of waste may only be spread onto land under strict 

control and in accordance with the Code of Practice for the Agricultural Use of 
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Sewage (ADAS 2001).  It is treated to destroy the majority of potential 

contaminants but the opportunity for soil contamination still exists.  This can 

be as simple as heavy rainfall resulting in the run-off of faecal material from 

agricultural land into rivers, lakes and reservoirs, which may then be used for 

drinking water.  This can be a particular problem for private water supplies 

that may not be as stringently regulated or tested.  Run-off from animal 

agricultural land onto arable land is also a risk, resulting from the direct 

contamination of vegetables and other foodstuffs.  As a result, strict guidance 

is in place and methodologies exist for the testing of sewage sludge in order 

to control the levels of pathogens in sludge and subsequently agricultural 

land, although this will not affect fresh waste contamination and run-off. 

 

3.7.1 Cultural methods for detection and isolation 

 

The same methods are suitable for both untreated and treated sludge.  The 

method suggested by the Environment Agency (Microbiology of Drinking 

Water) is still under review and the Agency has highlighted the need for 

feedback in order to refine methods.  It suggests an enumeration technique 

for O157 using membrane filtration and a chromogenic agar detection 

method.  For the purposes of the technique VTEC are defined as E. coli that 

grow at 36ÜC (Ñ 1ÜC) that do not produce ɓïglucuronidase and as a result 

grow as pink colonies on CHROMagar® O157 medium. 

 

A sample of the sludge is homogenised and then serially diluted.  This sludge 

is then filtered through a membrane filter and incubated at 36ºC (± 1ºC) on a 

filter saturated with modified tryptone soya broth for 6-18 hours.  The filter is 

then transferred to a chromogenic medium, such as CHROMagar, and 

incubated for 24 hours.  The filters are then examined and the positive 

colonies enumerated.  There are several limitations to this method including 

blocking of the initial filter if the sludge has a high solid content and 

overgrowth of other organisms masking the presence of the target pathogen. 

 

In a study by Ogden et al. (2001b) to demonstrate the fate of E. coli O157 in 

soil, E. coli O157 was detected in soil samples by enrichment in BPW 

containing 8mg/l vancomycin, incubated for 6h at 37°C and recovered by IMS 

and plating onto CT-SMAC.  The same medium and IMS technique was used 

with a most probable number (MPN) technique in a study to estimate the 

numbers of E. coli O157 in slurry samples.  Enumeration of E. coli O157 in 

soil cores was achieved by direct plating onto MacConkey and SMAC agars 

incubated at 42°C.  In another study by (Hepburn et al. 2002), a range of 

enrichment media and incubation conditions for the recovery of E. coli O157 

from soil samples using IMS prior to plating onto CT-SMAC were evaluated.  
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The best enrichment media were reported to be either BPW (with or without 

vancomycin) and mTSB (with or without novobiocin).  Incubation of these 

media at 42°C was also reported to be superior to incubation at 37°C. 

 

3.7.2 Alternative methods 

 

As with food, clinical and animal samples, some researchers have applied 

alternative methods to the detection of VTEC in environmental samples.   

Ibekwe and Grieve (2003) described a method for the detection and 

quantification of E. coli O157: H7 from environmental samples (soil, manure, 

faeces and dairy wash water) using real time PCR. Using pure cultures and 

spiked samples they reported an assay sensitivity of 3.5 x 103 and 2.6 x 104 

cfu/g in these samples, respectively.  Enrichment of soil samples in Luria 

Bertani broth supplemented with vancomycin (8mg/l), cefixime (0.5mg/l) and 

cefsuludin (10mg/l) at 37°C enable PCR detection of <10 cfu/g. 

 

3.8 Typing of VTEC 

 

Reliable typing systems for bacteria can be defined as those that are capable 

of identifying strains accurately and reproducibly at different times and in 

different laboratories.  Methods for typing VTEC range from those that can be 

applied in all laboratories studying VTEC, to those that are only applied in 

reference or other specialised laboratories.  This section will concentrate on 

the main methods that are used at present and those that may provide 

improved approaches in the future. 

 

3.8.1 Phenotypic methods 

 

3.8.1.1 Serotyping 

 

VTEC strains isolated from humans belong to at least 472 different O: H 

serotypes, whilst 435 VTEC serotypes have been isolated from cattle 

(www.lugo.usc.es/ecoli).  Currently the serotyping scheme for somatic or O 

antigens is from O1 to O181, with the new groups O174 to O181 published 

only recently (Scheutz et al. 2004).  O174 and O175 were described as 

temporary E. coli O group strains OX3 and OX7; these type strains are VT-

negative.  The six strains established as antigenic test strains for the six other 

new groups O176 to O181 are all VT-producing and were isolated from 

human, bovine, porcine and meat samples.  Typing of flagella or H antigens is 

performed in some laboratories and the current scheme covers antigens 1 to 

56 but three of these (H13, 22 and 50) have been withdrawn.  Because of its 

clinical significance, determination of H7 had been widely used for strains 
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belonging to O group 157.  The presence of acidic capsular polysaccharide, or 

K antigens, can also be used for the subdivision of E. coli, although this 

method has rarely been applied to typing VTEC strains. 

 

3.8.1.2 Phage typing 

 

The phage typing scheme for VTEC O157 was developed in Canada, 

published in 1987 (Ahmed et al. 1987) and extended in 1990 (Khakhria et al. 

1990).  Currently there are sixteen phages in the scheme that recognises at 

least 88 phage types.  It has proved to be a very useful method in 

epidemiological studies but is limited in application to a small number of 

reference laboratories worldwide. 

 

3.8.1.3 Additional phenotypic methods 

 

Several additional phenotypic methods have been used for typing E. coli.  

These include biotyping, colicin typing, outer membrane protein patterns and 

haemagglutination assays.  Further details on these techniques will only be 

described where they have been applied to VTEC. 

 

3.8.2 Molecular methods 

 

3.8.2.1 Molecular ñserotypingò 

 

Molecular ñserotypingò has been developed using the sequences encoding 

the biosynthesis of O antigen.  One method used primers just outside the O 

antigen gene cluster (the rfb region).  Restriction enzyme digestion using 

MboII of PCR amplicons yielded identifiable and reproducible patterns from 

most O groups (Coimbra et al. 2000).  This approach subdivided thirteen O 

groups but there were shared patterns between different O groups.  

Advantages of this method are speed compared with conventional serotyping, 

and that all strains are typeable. 

 

In another approach, the O antigen gene cluster has been used for the 

development of PCR tests specific for particular O serogroups.  A summary of 

those developed so far is presented in Table 3.7.  The 5ô-nuclease PCR 

method reported by Perelle et al. (2004) provides results in one hour.  This is 

a duplex PCR assay using Taqman probes on the Lightcycler (Table 3.6). 
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Table 3.7 Sequences used for amplification of O antigen specific 

genes 

 

Target gene 

(serogroup) 

Gene Bank 

Accession Number 
Reference 

wzx (O26) AF529080 

DôSouza et al. (2002) 

Perelle et al. (2004) 

DebRoy et al. (2004) 

wbgN (O55) AF461121 Wang et al. (2002) 

wzy (O91) AY035396 Perelle et al. (2002) 

(O104)  Wang et al. (2001) 

wbd I (O111) AF078736 Wang et al. (1998) 

wzy (O113) AF172324 
Paton and Paton (1999b) 

DebRoy et al. (2004) 

wbuM, wbuO, wzx 

(O114) 
AY573377 Feng et al. (2004) 

wzy, wzx (O121)  Fratamico et al. (2003) 

chp I (O145) AF531429 
Perelle et al. (2003) 

Perelle et al. (2004)  

rfbE (O157) AF163329 
Desmarchelier et al. (1998) 

Wang and Reeves (1998) 

wzy (O172)  Guo et al. (2004) 

 

O group determination has also been performed by DNA sequencing.  The rfb 

gene cluster is flanked by two conserved regions, JUMP start (upstream) and 

gnd (downstream).  DNA sequencing was performed using primers derived 

from the conserved regions.  The non-coding sequences between the rfb 

cluster and the conserved regions were most informative.  Combined 

sequence data from JUMP start and gnd ends showed a high level of 

discrimination.  All strains examined within an O group were homologous. 

 

A molecular technique for subdivision of the flagellar antigen gene fliC has 

been reported (Fields et al. 1997).  Restriction fragment length polymorphisms 

(RFLP) using RsaI were identified and most of those RFLP patterns 

corresponded to a specific H group.  Another group has reported on RFLP 

patterns of the fliC gene using the enzyme HhaI (Machado et al. 2000).  Sixty-

two patterns were identified for the 48 H types examined.  There was 

subdivision for nine H types so more than one pattern was observed. 

 

The fliC gene has been extensively studied for strains expressing the H7 

antigen.  Four patterns were identified by Fields et al. (1997); all O157: H7 
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and 16 of 18 O55: H7 strains gave the same pattern.  Sequencing of H7 fliC 

genes of different serogroups showed significant polymorphisms with ten 

different sequences (Reid et al. 1998; Wang et al. 2000).  Non-motile strains 

of VTEC O157 have also been examined.  In the sorbitol fermenting VTEC 

O157 strains isolated in Germany, loss of mobility resulted from a 12bp 

inframe deletion in fliC, a gene required for transcriptional activation of genes 

involved in the synthesis of flagella (Monday et al. 2004).  This deletion was 

not found in other VTEC O157: H- strains from different countries. 

 

3.8.2.2 Pulsed field gel electrophoresis 

 

Pulsed field gel electrophoresis has been used widely as a DNA-based sub-

typing tool for the discrimination of VTEC O157 strains but its use for other 

VTEC has been more limited.  The method forms the basis of the Pulsenet 

molecular subtyping network in North America that is proposed to expand to 

include European participants (Swaminathan et al. 2001) 

(www.cdc.go/pulsenet/index.htm).  A main function of this network is the 

identification of outbreaks of infection not identified by epidemiological 

methods. 

 

The technique includes three basic components, namely, the extraction and 

digestion of DNA, the separation of macro-restriction fragments and the 

analysis of the resultant profiles by commercial software packages.  The 

quality of the resultant data is highly dependent on technical expertise and on 

the parameters used for fragment separation.  The setting up of networks has 

necessitated standardisation of protocols and provided training in methods.  

However, for VTEC O157 that are highly clonal in nature, it is important to 

appreciate that optimal discrimination of strains requires a flexible approach, 

usually involving longer separation times to improve resolution and image 

quality, and the use of several enzymes.  A new method of DNA preparation 

for PFGE has been reported recently (Fiett et al. 2004).  This technique 

involves the continuous contact of the agarose plugs with a solid support.  The 

plugs are then placed in a single chamber and are incubated together.  A 

plastic mould for plug formation and support was designed and implemented. 

 

The PFGE method is generally applicable to VTEC; as with Salmonella, a few 

strains fail to give clear profiles due to DNA degradation but this can be 

overcome by methods including the use of thiourea (Liesegang and Tschäpe 

2002).  The whole genome is subject to examination and the level of 

discrimination is superior to that achieved with methods such as random 

amplification of polymorphic DNA (see Section 3.8.2.9) that is also sampled at 

this level.  Gel images can be digitised and exchanged electronically for 



   
Report No.: MB/REP/106304 Page 144 t:\2008\cb\review\se00683 

 

comparison at different laboratories, so that exchange of strains is less 

burdensome.  A variety of methods and analysis tools have been used for 

profile comparison.  Interpretation of gels ultimately depends on the operator, 

although guidelines and training will improve the uniformity of results.  In many 

studies, unique (single strain) profiles account for a large proportion of the 

strains examined so that outputs are complex in terms of pattern types 

compared with those of conventional typing methods or DNA sequence-based 

methods.  PFGE may represent a DNA fingerprinting technique that is of most 

value in specific epidemiological situations. 

 

PFGE has been highly successful in many investigations of incidents and 

outbreaks of food-borne VTEC O157 infection or illness linked to animal and 

environmental contact.  The main application has been to strengthen 

considerably the evidence for food or other exposure obtained from 

epidemiological indicators and to provide evidence for the introduction or 

continuation of control measures.  This approach demonstrates the value of 

epidemiological input and the combination of PFGE with other methods, such 

as VT typing and sub-typing, phage typing and other phenotypic tests to avoid 

reliance on a single technique.  This is particularly important where minor 

variations in PFGE profile have been observed in tightly-linked isolates from 

the same outbreak. 

 

Concerns have been expressed recently about applying data from PFGE 

obtained from digests with a single enzyme, usually XbaI, to link isolates from 

patients in the absence of epidemiological information (Davis et al. 2003).  

Expensive and time-consuming investigation of the infections has failed in 

some instances to support association of isolates with indistinguishable PFGE 

profiles.  The use of at least two, and up to six, enzymes has been 

recommended to obtain a level of similarity that would be required to trigger 

epidemiological investigation.  This would have important implications for the 

time taken to initiate such follow-up and the laboratory costs involved. 

 

The widespread application of PFGE has been accompanied by the tendency 

to use the data as a measure of genetic or evolutionary relatedness between 

isolates.  This has been influenced by the availability of software that readily 

produces dendrograms from calculated similarity matrices that indicate strain 

clustering.  Fragment size-based approaches based on restriction enzyme 

digests may convey some evidence of relatedness but only methods that look 

at DNA sequence can be used to measure phylogenetic relationships.  

However, this can be seen as an advantage of PFGE over methods such as 

MLST because PFGE can be performed in the absence of detailed 

information about the genome.  Several factors affect restriction profiles 
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obtained, including the degree of resolution afforded by the run parameters for 

the separation of DNA fragments of very similar size.  It has been shown that 

the number of predicted XbaI fragments of sequenced strains of VTEC O157 

is not the same as that obtained experimentally, due both to technical factors 

and the probable unavailability of restriction sites because of methylation.  

Changes in restriction profile may result from single nucleotide change or from 

larger scale genetic events such as insertion or deletion, but the overall effect 

on the banding pattern may be the same.  Between strains, it cannot be 

inferred that fragments of the same size are genetically homologous and it is 

likely that some profiles are the same by pure chance. 

 

Despite the limitations, PFGE is likely to remain a method of choice at present 

although care should be exercised over the interpretation of results. 

 

3.8.2.3 Multi-locus sequence typing (MLST) 

 

MLST has now been developed as a nucleotide sequence-based approach 

that can be applied to many bacterial pathogens (Maiden et al. 1998; Urwin 

and Maiden 2003; Cooper and Feil 2004).  It targets the variation present at 

multiple housekeeping loci.  All unique sequences for a given locus are 

assigned an allele number in order of discovery.  The alleles present at each 

of the MLST loci for a given isolate are combined into an allelic profile and 

also given a sequence type (ST).  Several MLST schemes have been 

developed for E. coli, (Noller et al. 2003b; Beutin et al. 2005), http://web.mpiib-

berlin.mpg.de and http://www.shigatoxin.net/stec/mlst.  The genes are shown 

in Table 3.8. 

 

Table 3.8 Housekeeping genes for MLST in E. coli 
 

Achtman et al. 

http://web.mpiib-

berlin.mpg.de 

Whittam et al. 

http://www.shigatoxin.net/

stec/mlst 

Noller et al. 

(2003b) 

Beutin et al. 

(2005) 

adk arcA arcA adk 

fumC aroE aroE arcA 

gyrB icd dnaE fumC 

icd mdh mdh icdA 

mdh mtlD gnd mdh 

purA pgi gapA mtlD 

recA rpoS pgm pgi 

  espA  

  ompA  
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VTEC associated with severe disease in humans have been classified into 

four main clonal groups by MLST.  These are EHEC1, EHEC2, STEC1 and 

STEC2.  MLST was applied to strains of VTEC O157 by Noller et al. (2003b) 

but no nucleotide differences were detected out of approximately 311,000 

nucleotides sequenced.  Ziebell et al. (2003) applied MLST to 60 VTEC 

strains belonging to 32 serotypes and compared them with ten reference 

MLST strains.  For the application of MLST for non-O157 VTEC internationally 

there needs to be agreement on one scheme. 

 

MLST data are providing a better understanding of E. coli population genetics.  

Analysis of over 500 strains has shown that E. coli is not as clonal as 

considered previously.  In terms of the epidemiology of VTEC, it is clear that 

VTEC have developed several times and not only by phage transduction but 

also by transfer of the LEE region (L. Wieler, personal communication).  MLST 

studies have also demonstrated that there may be several different sequence 

types of VTEC within a single O serogroup.  Therefore it is preferable to have 

both MLST and PFGE data in order to understand the molecular epidemiology 

of VTEC.   

 

E. coli of serogroup O103 isolated from humans, animals and meat were 

examined by MLST as well as the presence of virulence genes and by PFGE 

(Beutin et al. 2005).  The housekeeping genes examined are shown in Table 

3.8 and MLST showed seven profiles with the 54 E. coli O103 strains.  MLST 

profiles I and III were found in 45 VTEC O103: H2 strains from five different 

countries and these strains also possessed the eae epilson gene.  MLST 

profile II was identified in five EPEC O103: H2 strains with eae ɓ.  Major 

differences between profile II and profiles I and III were only found in the icdA 

gene.  The novel adhesion factors paa and efa and the cytotoxin encoded by 

the cif gene were very frequently found in both VTEC and EPEC O103 strains.  

The remaining E. coli O103 strains with profiles IV to VII were genetically 

distinct in comparison with MLST I, II and III.  PFGE proved very useful for the 

identification of genetically closely related subgroups in the MLST I strains.  

These results suggest that strains belonging to the same O serogroup may 

have evolved separately from each other.  Therefore, O serogroup alone 

cannot be taken as an indicator for genetic relationships in E. coli. 

 

3.8.2.4 Amplified fragment length polymorphism (AFLP) 

 
This technique has been applied to VTEC, both O157 and non-O157 strains.  

The method consists of three steps: 
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1. Digestion of genomic DNA with two restriction enzymes and ligation of 

restriction half site-specific adaptors to all restriction fragments. 

2. Selective amplification of these fragments with two PCR primers that 

have adaptor and restriction site sequences corresponding to their 

target sites. 

3. Electrophoretic separation of the PCR products.  Only a subset of 

fragments will be amplified because primers contain, at their 3ô end, 

one or more bases (the so-called ñselectiveò bases) which are 

complementary to nucleotides flanking the restriction sites. 

  

Fluorescent AFLP has been applied to E. coli (Arnold et al. 1999) and also 

VTEC belonging to serogroup O157 and other serogroups (Lyoda et al. 1999; 

Smith et al. 2000).  Results gave similar but not identical groupings to those 

obtained by PFGE.  Comparison of results between laboratories has been 

difficult and this method appears to be rarely used for epidemiological 

investigations of VTEC O157. 

 

3.8.2.5 Polymorphic Amplified Typing Sequences (PATS) 

 

Polymorphic Amplified Typing Sequences (PATS) is a novel PCR based 

typing tool which exploits the presence of insertions and deletions (indels) of 

sequences containing XbaI sites responsible for the majority of differences 

between VTEC O157 strains.  This method uses PCR primer pairs designed 

to amplify genomic DNA flanking individual XbaI sites.  In a study by Kudva 

and colleagues (2002), 40 primer pairs were tested with 44 O157 isolates.  

Thirty-two of the primer pairs amplified identical fragments from all 44 isolates, 

whereas eight primer pairs amplified regions that were polymorphic between 

isolates.  These isolates could then be differentiated on the basis of which of 

the eight polymorphic amplicons could be detected.  Initially, this method was 

shown to be less discriminatory than PFGE, but recently, another rare 

restriction enzyme site, AvrII, has also been studied.  When the primers 

amplifying the seven polymorphic AvrII sites were combined with those 

amplifying the eight polymorphic XbaI sites the discriminatory power of PATS 

was increased (Kudva et al. 2004).  PATS is also useful for typing isolates 

previously untypeable by PFGE. 

 

3.8.2.6 Multi-locus Variable Number Tandem Repeat Analysis (MLVA) 

 

This technique targets short tandem repeats (TRs) that are rapidly evolving 

genomic regions.  These TRs often vary in number between strains of the 

same species, thus defining variable-number tandem repeat targets or VNTR.  

Multiple locus VNTR analysis (MLVA) determines the number of repeats at 
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multiple loci.  This produces an assessment of the genetic relationships 

between strains of the same species.  The advantages of MLVA are that it is 

rapid and also portable (Noller et al. 2003a).  Outbreak and sporadic isolates 

of VTEC O157 were examined by comparing the number of tandem repeats at 

seven loci.  For the isolates examined, six to 30 alleles were found at the 

seven loci, resulting in 64 MLVA types among the 80 isolates (Noller et al. 

2003a).  MLVA discriminated strains within PFGEïdefined clusters that were 

not known to be part of an outbreak.  It was concluded that MLVA ñappears to 

have a sensitivity equal to that of PFGE and a specificity superior to that of 

PFGEò.  This group has now published new primers for fully automated MLVA 

using the ABI PRISM 3700 Genetic Analyzer (Noller et al. 2004).  In another 

recent study, MLVA is being used as the primary typing tool for VTEC O157 

(Lindstedt et al. 2004).  The assay uses multiple dye colours and enhanced 

PCR multiplexing.  The different MLVA patterns are based on allele sizes 

entered as character values, thus simplifying band pattern analysis from the 

gel image.  A high level of co-clustering has been observed with PFGE and in 

some cases MLVA is able to subdivide the PFGE profiles into groups more 

closely related to epidemiological data.  Another advantage of MLVA typing is 

that the types are expressed as a string of seven numbers, allowing simple 

cross-laboratory standardization (Lindstedt et al. 2004). 

 

3.8.2.7 Ribotyping 

 

Ribotyping is a technique applicable to all bacteria.  In E. coli there are seven 

copies of the ribosomal RNA operons.  Conserved and variable species 

specific regions have been identified.  Chromosomal DNA is subjected to 

restriction enzyme digestion and separated by gel electrophoresis.  Southern 

blotting is used to transfer fragments to a membrane that is hybridized with a 

labelled probe derived from 16S or 23S rRNA.   

 

Ribotyping provides good reproducibility but the manual method is labour 

intensive and can take days to complete.  The RiboPrinter  Microbial 

Characterisation System (Dupont Qualicon, Wilmington, DE, USA) is an 

automated ribotyping system that is commercially available and enables 

ribotyping of isolates in 8h.  Different restriction enzymes can be used with the 

system although EcoRI, which is recommended by the manufacturer, is the 

most common enzyme used and gives satisfactory results with a wide range 

of bacteria.  After DNA digestion with the chosen enzyme, the fragments are 

transferred and immobilized on a nylon membrane by the instrument.  A 

sulfonated 16S rRNA probe from E. coli is used to detect the 

chemiluminescent fragments with the aid of a CCD (charge coupled device) 

camera.  The digitized image of the genetic fingerprint, or Riboprint , based 
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on rRNA is used to characterise the isolate.  This pattern is saved and can be 

used to identify the isolate by comparing the pattern against composite 

identification patterns in the DuPont Identification library or a custom library 

produced by the user.  Analysis of the patterns can be via the systemôs own 

software or by exporting images to an alternative software package. 

 

Various studies have used ribotyping to investigate relationships between 

different E. coli strains.  These have included identification of faecal E. coli 

from human and animal sources (Carson et al. 2001), characterising faecal  

E. coli and their role in pollution (Parveen et al. 1999) and studying 

geographical variations between E. coli from humans and different animal 

sources (Scott et al. 2003).  This method has also been used to compare 

VTEC strains from various geographical and environmental sources (food, 

soil, animal and human clinical) with other pathotypes of E. coli (Baylis 2004).  

In the study by Baylis (2004), it was discovered that irrespective of the 

restriction enzyme used, the VTEC serogroups O157, O26, O111 and O128 

showed evidence of distinct clonal lineages and EPEC O55 strains, which 

were also a clonal group, were generally associated with O157 strains in the 

same phylogenetic group.  Strains of VTEC belonging to other serogroups 

appeared to be more heterogeneous but this could also be attributed to the 

lower number of strains from each serotype used in this investigation.  

However, many of the VTEC serogroups associated with clonality were those 

that have been reported to represent clonal lineages previously.  These 

included serogroups O157, O111, and O26 (Whittam et al. 1993; Morabito et 

al. 1999; Schmidt et al. 1999a; Schmidt et al. 1999b; Zhang et al. 2000) as 

well as strains of O128 which are reported to show a degree of clonality 

(Henry Smith personal communication).  However, ribosomal RNA genes of 

E. coli O157 demonstrate little heterogeneity, making this technique 

unsuitable for differentiating O157 strains sufficiently (Grif et al. 1998), 

although it can enable differentiation of O157 from other VTEC serogroups. 

 

3.8.2.8 DNA Microarrays 

 

DNA microarrays have been developed as a diagnostic tool for VTEC with the 

majority of work in this area focusing on VTEC O157: H7 diagnosis.  

Microarrays can be designed to hybridize hundreds or even thousands of 

genomic targets simultaneously.  They are highly specific and sensitive, and 

have an impressively high throughput level, all of which renders them 

attractive as a diagnostic tool.  VTEC O157: H7 arrays have been shown to be 

32 times more sensitive than gel electrophoresis and can detect amplification 

products from the equivalent of less than one cell (Call et al. 2001).  Various 

amplification strategies were used and compared for amplification yield, 
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sensitivity, specificity and general suitability in a study by Vora and colleagues 

(2004).  They compared the traditional multiplex PCR strategy with various 

random DNA amplification methods including random PCR (rPCR), isothermal 

Klenow fragment, and 29 DNA polymerase strategies.  They found that 

although their sensitivity and specificity is slightly reduced, random (both 

single and tandem) amplification strategies have clear advantages over 

specific amplification methods.  They are also more cost effective, less 

complex to perform and capable of detecting unknown or unexpected 

organisms.  Microarrays have also successfully been used to screen strains of 

E. coli including O157: H7 for antimicrobial and virulence genes (Chen et al. 

2005). 

 

In addition to their diagnostic potential, DNA microarrays have been used to 

investigate the genomic variation between VTEC strains.  Microarrays were 

prepared from sequenced VTEC O157 strains as well as E. coli K12.  Strains 

of E. coli O26, both VT +ve and VT -ve, were examined to compare their 

genomic relatedness (Anjum et al. 2003).  Results suggested that both VT 

+ve and VT -ve E. coli O26 represented the same clonal lineage.   

 

3.8.2.9 Additional molecular methods 

 

Many additional DNA-based techniques have been applied to the subdivision 

of VTEC.  These include plasmid DNA analysis, random amplification of 

polymorphic DNA, repetitive element PCR (REP-PCR) and enterobacterial 

repetitive intergenic consensus PCR (ERIC-PCR).  Rep-PCR can be 

performed using a commercially available kit (Bacterial Barcodes Inc., 

Houston, Texas) with the Uprime-RI primer set.  A combined AFLP-PCR 

assay using variable bacterial interspersed mosaic elements has also been 

reported recently for E. coli strains but VTEC were not specifically examined 

(Horvath et al. 2004).  Currently, these methods have not generally provided 

sufficient discrimination or reproducibility to be pursued widely as typing 

methods for VTEC. 

 

Most bacterial genomes contain distinct classes of insertion sequences (IS).  

IS typing by PCR has been developed for VTEC O157 (Thompson et al. 

1998).  This involved examining the band patterns generated after separate 

PCR reactions targeting the repetitive element, IS3, had been performed.  

Although not as sensitive as PFGE, this technique was simple and rapid and 

successfully grouped all outbreak-related isolates.  Another insertion 

sequence, IS1203, is a 1312 nucleotide sequence that is present, with at least 

twelve copies, in the genome of VTEC O111: H-, strain PH (Paton and Paton 

1994).  IS1203 sequences have also been identified in the genome sequence 
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of VTEC O157 EDL933 and the Sakai strain (Kusumoto et al. 1999; Suzuki et 

al. 2004a).  The discriminatory power of IS1203 PCR typing is greater than 

that of IS3 and has been shown to be similar to that of PFGE (Suzuki et al. 

2004b). 

 

3.8.3 Evaluations of molecular typing methods 

 

A collection of 92 E. coli O157: H7 isolates from cattle, food and man was 

examined using PFGE, MLST and Rep-PCR (Foley et al. 2004).  The eae, 

hlyA, fliC (for the H7 flagellar gene) and uidA genes were included in the 

MLST.  Results yielded 72 different PFGE profiles, 14 distinct Rep-PCR 

profiles but only five MLST patterns.  Several studies have reported on the 

use of combining typing methods for epidemiological studies (Willshaw et al. 

1997; Preston et al. 2000; Nishikawa et al. 2001; Saari et al. 2001; Willshaw 

et al. 2001; Beutin et al. 2002a; Lahti et al. 2002; Willshaw et al. 2003; Mora et 

al. 2004).  The combination of vtx genotypes, phage typing and PFGE 

provides a highly discriminatory approach.  Human and clinical isolates have 

been compared using more than one method (Fegan and Desmarchelier 

2002; Willshaw et al. 2003; Mora et al. 2004; Roldgaard et al. 2004).  Results 

confirm that cattle are an important reservoir for VTEC O157 but some 

isolates found in cattle are rarely found in humans. 

 

3.8.4 Typing of virulence factors 

 

3.8.4.1 Verocytotoxins and vtx genes 

 
Nomenclature has caused considerable confusion in studies of VTEC 

(Calderwood et al. 1996; Karmali et al. 1996).  This section will use the 

designations reported by Scheutz et al. (2001a).  Criteria for differentiation of 

types have been as follows: 

 

1. Antigenic variability 

2. Difference in toxicity for culture cells 

3. Capacity to be activated by mouse elastase 

4. Difference in affinity and use of receptor 

5. Significant differences in DNA or amino acid sequences 

 

The majority of VTEC typing is now performed by analysis of the toxin genes 

using PCR, DNA probes and sequencing.  Toxin and toxin gene types 

currently recognised are summarised briefly in Table 3.9.  More 

comprehensive descriptions can be found in the literature (Gannon et al. 
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1990; Lin et al. 1993; Bastian et al. 1998; Kokai-Kun et al. 2000; Schmidt et 

al. 2000; Scheutz et al. 2001a; Zhang et al. 2002a; Leung et al. 2003). 

 

Table 3.9 Verocytotoxins and VT genes 

 

Toxin type Toxin Toxin gene 

1 VT1 vtx 1 

 VT1c vtx 1c 

 VT1d vtx 1d 

2 VT2 vtx 2 

 VT2c vtx 2c 

 VT2d vtx 2d 

 VT2e vtx 2e 

 VT2f vtx 2f 

 VT2g vtx 2g 

 VT2 NV206 - 

 

Notes 

 
1. VT and vtx are interchangeable with Stx and stx. 

2. It has been proposed that the d designation is reserved for activatable 

 VT2  (Melton-Celsa and OôBrien 1998, Scheutz et al. 2001). 

3. Subtyping of vtx genes has been applied to non-O157 VTEC isolates 

from patients with HUS, those with diarrhoea who did not develop HUS, 

and healthy individuals (Jenkins et al. 2003b).  VTEC with vtx2 or vtx2c 

were most commonly associated with HUS (Eklund et al. 2002). 

4. Because toxin variants VT2c-O118-EH250 and VT2c-O111-PH are 

divergent from the other VT2c variants and only found in eae-negative 

strains, a distinct nomenclature for these subtypes has been suggested 

which will introduce a new subtype vtx2b (Dr. Flemming Schuetz 

personal communication). 

 

VTEC producing vtx1c belong to many different serotypes and are usually 

isolated from patients with uncomplicated diarrhoea or from healthy 

individuals (Friedrich et al. 2003; Jenkins et al. 2003b).  A German study 

examined 295 VTEC strains and found that the vtx1c gene could be identified 

in 54.3% of 140 eae-negative human VTEC but in none of the 155 eae-

positive human VTEC Friedrich et al. (2003).  All but three of the vtx1c 

producing strains also carried the saa gene and 66% were positive for the 

locus of proteolysis activity.  Friedrich et al.(2003) also reported that they were 

unable to detect vtx1c strains in cases of HUS.  It has been proposed that 
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sheep may be a reservoir for these vtx1c producing strains (see Section 

2.2.2). 

 

3.8.4.1.1 VT phages 

 

The complete genome sequences of at least seven VT phages have been 

determined (Makino et al. 1999; Miyamoto et al. 1999; Plunkett III et al. 1999; 

Yokoyama et al. 2000; Sato et al. 2003b; Sato et al. 2003a).  Comparison of 

four different VT2 phage genomes has identified six characteristic regions (I to 

VI) (Sato et al. 2003a).  Regions I to VI were also located on a VT1 phage, 

although only three of the regions were present in VT1 ï Sakai phage.  

Region V has been identified as the most diverse in the phage genome; it is 

located upstream in a region that determines immunity and replication.  A 

rapid DNA fingerprinting method has been developed based on region V 

(Shima et al. 2004).  This is a PCR-RFLP method based on amplification of 

region V and restriction enzyme digestion of the product.  Further work is 

required to assess the usefulness of this method for molecular 

epidemiological studies.   

 

3.8.4.2 Intimins and intimin genes 

 
The intimin protein is highly variable between VTEC and other E. coli 

serotypes and at least five distinct antigenic variants Ŭ, ɓ, ɔ, ŭ and Ů, have been 

described (Adu-Bobie et al. 1998; Oswald et al. 2000).  Several methods can 

be used for determination of intimin subtypes. 

 

1. Use of antisera to intimin 

2. PCR 

3. PCR-RFLP 

4. Sequencing 

 

The intimin types that have been identified so far are given in Section 2.3.1.3 

(Jerse and Kaper 1991; Yu and Kaper 1992; An et al. 1997; McGraw et al. 

1999; Oswald et al. 2000; Tarr and Whittam 2002; Zhang et al. 2002b; 

Jenkins et al. 2003a; Jenkins et al. 2003b; Blanco et al. 2004a; Blanco et al. 

2004b). 

 

3.8.4.3 Reverse-transcriptase PCR (RT-PCR) 

 

RT-PCR has been proposed as a method of identifying the presence of viable 

VTEC without the false-positive results sometimes experienced with PCR.  

This method can also be used to overcome the problem of detecting non-
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culturable strains.  However, as RT-PCR is less sensitive than PCR and 

higher numbers of organisms are required for a positive result, this is not ideal 

for detecting an organism with a characteristically low infectious dose (Yaron 

and Matthews 2002).  Morin and colleagues (2004) have recently developed a 

more sensitive RT-multiplex PCR to detect both VTEC O157, Vibrio cholerae 

O1, and Salmonella Typhi.  Using this method it is possible to detect the 

presence of as few as 30 E. coli O157 cells.  If this method can be adapted to 

detect non-O157 VTEC it may be suitable for widespread diagnostic 

purposes. 

 

3.9 Characterisation of VTEC 
 

In addition to the typing methods described and evaluated in Section 3.8, the 

possession of specific genetic properties has been used for the 

characterisation of VTEC.  This section will describe recent studies on the 

genomics of certain VTEC.  Chromosomal, plasmid and phage genes will be 

included. 

 

3.9.1 Genomics 

 

There are excellent reviews on the genomes of E. coli K12 and pathogenic E. 

coli (Perna et al. 2002).  Much of the recent analysis has concentrated on 

VTEC O157 because the genomes of EDL933 and O157: H7 Sakai were 

published in 2001 (Hayashi et al. 2001; Perna et al. 2001).  Comparisons of 

the two VTEC O157 genomes and that of E. coli K12 have revealed much 

fascinating information.  The two very closely related O157 sequences differ 

very significantly by gene loss and gain when compared with the K12 

genome.  It is estimated that the strains shared a common ancestor 

approximately five million years ago.  The O157 genomes of 5.5Mbp are 

much larger than the 4.6Mbp E. coli K12 sequence.  There are approximately 

4.1Mbp of very similar sequences but this backbone of conserved sequence is 

separated by óislandsô of sequences that are O157 specific or E. coli K12 

specific.  There are 177 regions specific to O157 and they vary in size from 50 

to c.90000bp.  About half of these O157 specific sequences are present in 

cryptic prophage or the intact 933W phage that encodes VT2.  The presence 

of 24 prophages and prophage-like elements in these O157 specific 

sequences indicate that they play a critical role.  There is significant diversity 

of structure and position in the prophage sequences and this accounts for 

some of the genomic diversity seen among VTEC O157 (Ohnishi et al. 2002).  

These prophages code for production of VTs and also for effector molecules 

recognized by the LEE type III secretion system.  Many of the K12-specific 
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sequences appear to have arisen by horizontal transfer, that is, transfer of 

DNA and integration into the K12 genome. 

 

Recent studies of VTEC O157 have investigated the distribution of specific 

sequences upstream of the vtx2 gene in strains of human and bovine origin 

together with the levels of VT production (Lejeune et al. 2004).  The 

antiterminator Q933 gene target was more commonly identified in VTEC O157 

of human origin than from bovine strains.  Positive results with the Q933 

target were significantly associated with higher levels of VT production.  

However, no clinical association between VT production and severity of 

disease was identified. 

 

Genome sequencing has identified several pathogenicity islands (PAI).  For 

example, in EDL933 these include O island 1(O1-1), O1-43, OI-48, OI-115, 

OI-122, OI-140, OI-141 and OI-154.  The distribution of OI-122 has been 

investigated in VTEC seropathotypes (Karmali et al. 2003), Table 3.10. 

 

Table 3.10 Classification of VTEC into seropathotypes 

 

Seropathotype 
Relative 

incidence 
Outbreaks 

Severe 

disease 
Serotypes 

Complete 

OI-122 

A High Common + O157: H7/H-   100% 

B Moderate Uncommon + 

O26: H11,O103: H2 

O111: H,O121: H19 

O145: H- 

60% 

C Low Rare + 
O91: H21,O104: H21 

O113: H21 + others 
36% 

D Low Rare - Many 15% 

E 
Non 

human 
N/A N/A Many 0% 

From: Karmali et al. (2003)  N/A, not applicable. 

 

Four genes on OI-122 were screened for by PCR and hybridisation.  In total, 

28 of the 70 strains examined contained OI-122, 27 strains had an 

óincompleteô island (1-3 genes) and 15 did not carry OI-122.  A later study 

reported that strain CL3, O113: H21, contained elements of two different 

genomic islands (OI-48 and OI-122) (Shen et al. 2004).  It has been 

suggested that the two islands, O1-122 and LEE, separated after being 

acquired as a unique large PAI following chromosomal rearrangements 

(Morabito et al. 2003).  O1-122 carries efaI (ſlifA), a virulence gene involved 

with repression of host lymphocyte activation and adhesion to cultured cells.  

In VTEC O157 only the 5ô region of efaI is present.  Another virulence gene, 
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toxB, has been detected in VTEC O157.  The toxB product appears to be 

involved in gut colonisation by influencing the expression of LEE encoded 

type III secreted proteins and by inhibiting the activation of host lymphocytes 

(Tatsuno et al. 2000).  These biological activities are similar to those 

determined by the efa gene.  VTEC O157 strains carry toxB but only part of 

efaI whereas several non-O157 VTEC have a complete efaI but lack toxB 

(Caprioli et al. 2004). 

 

Studies to examine the phylogenetic relationships of non-sorbitol fermenting, 

-glucuronidase-negative VTEC O157 showed that the strains comprised two 

highly related but distinct populations termed lineage I and II (Kim et al. 1999; 

Kim et al. 2001).  The polymorphisms were identified by high-density octamer-

based genome scanning (OBGS) analysis.  This used 174 different OBGS 

primer combinations on each of the strains in independent reactions.  

Differences were detected by electrophoresis of the labelled reaction products 

on automated DNA sequencers.  Lineage-specific OBGS products were 

sequenced and mapped using the genome sequences of EDL 933 and O157 

Sakai.  This high resolution genotyping is unsuitable for large numbers of 

strains so a lineageïspecific polymorphism assay (LSPA) was developed 

(Yang et al. 2004).  Six polymorphisms were selected from lineage II strain 

and compared with the reference lineage I strain EDL933.  There were five 

insertions and one deletion.  Primer combinations were designed so that the 

amplicon from each of the alleles from each lineage would be of a defined 

length (Yang et al. 2004).  These amplicons were then separated after 

multiplex amplification.   

 

3.9.2 Association of virulence types and human disease 

 

Many studies have investigated the association of the characteristics of VTEC 

with human disease, (for example, Nishikawa et al. 2001; Beutin et al. 2002a; 

Eklund et al. 2002; Friedrich et al. 2002; Jenkins et al. 2003b; Ethelberg et al. 

2004).  The study in Finland examined 173 VTEC of which 111 were O157 

(Eklund et al. 2002).  The most common vtx gene combination in the O157 

strain was vtx2 and vtx2c.  In contrast, in the 62 non-O157 strains, one strain 

had vtx2 and vtx2c; vtx1 was found in 27 and vtx2 alone in 15 of the non-

O157 strains.  Several of the non-O157 VTEC were isolated from cases of 

HUS (O145: H28/H vtx2, 0174: H21 vtx2c, O Rough: H4 vtx2c, O101: H vtx2, 

O Rough: H49 vtx2c).  It was concluded that the risk factors for HUS were age 

(1 to 5 years old) and infection with strains with vtx2, vtx2c, eae and ehx 

genes, both O157 and non-O157.  A study in Germany examined 677 VTEC 

strains from patients.  In order to detect the H types of the non motile strains 

the fliC genes were characterized by PCR-RFLP in addition to the vtx, eae 
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and hly genes.  The eae gene was present in 62.6% of strains and most 

frequent in children whereas eae negative VTEC infection dominated in adults 

(Beutin et al. 2004).  The vtx2 gene was significantly more frequent in eae-

positive strains with vtx1c and vtx2d only present in eae-negative strains.  

This paper also described 31 serotypes that had previously been described as 

human VTEC.  Some studies on the characterisation of VTEC have 

concentrated on strains belonging to specific O serogroups.  An analysis of 

120 VTEC of serogroup O145 showed that the strains belonged to two 

different serotypes (Sonntag et al. 2004).  In a recent study in Denmark over 

six years, the risk factors for bloody diarrhoea were VTEC with the eae gene 

and vtx2 genes, O serogroups O157 and O103, and increasing age.  The key 

risk factors for development of HUS were eae and vtx2 and also being a child 

(<7years) and having bloody diarrhoea (Ethelberg et al. 2004). 

 

A large study in Spain examined the serotypes, virulence genes and intimin 

types in cattle.  The aim was to investigate whether these were the same 

serotypes and virulence genes as found in cattle strains/isolates causing 

human infections (Blanco et al. 2004b).  The 514 VTEC isolates belonged to 

66 O serogroups and 113 OH serotypes.  Over half the isolates belonged to 

the serotypes O4: H4; O20: H19; O22: H8; O26: H11; O77: H41; O105: H18; 

O113: H21; O157: H7; O171: H2 and O?: H19.  The comparisons of 

serotypes found in cattle, humans and patients with HUS are shown in Table 

3.11.  Bovine and human isolates of the same serotype usually possess very 

similar virulence genes.  The eae gene was present in 17% of the bovine 

isolates.  The most common seropathotypes in the study were O157: H7 vtx2 

eae ehxA and O157: H7 vtx1, vtx2, eae and ehxA (Blanco et al. 2004b). 

 

Table 3.11 VTEC Serotypes found in animals and humans 

 

Country Animal 
Most common 

serotypes in animals 

Serotypes associated 

with HUS cases 
Reference 

Spain Bovine O4: H4  ;     O20: H19 

O22: H8;     O26: H11 

O77: H41;   O105: H18 

O113: H21; O157: H7 

O171: H2;   O?: H19 

O20: H19;    O22: H8 

O26: H11;    O105: H18 

O113: H21:  O157: H7 

 

Blanco et 

al. (2004b). 

Australia Sheep O5: H-;        O75: H8 

O91: H-       O123: H- 

O128: H2;   O?: 

O5: H-          O91: H- 

O128: H2 

Djordjevic 

et al. 

(2004) 

 

Studies in Australia in sheep examined VTEC isolates that possessed genes 

for enterohaemolysin and/or intimin and termed these complex STEC 
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(cSTEC/cVTEC) (Djordjevic et al. 2004).  Sixty-seven cVTEC serotypes were 

isolated and the highest prevalence and greatest variety of serotypes were 

found in lambs under six weeks old.  The differences in cVTEC serotypes 

found between lambs and ewes may be related to physiological differences 

caused by the effect of age on the digestive tract, on the diet or on the 

immune response to these organisms.  This study also showed that in cattle 

and sheep grazing the same pasture, the cVTEC serotypes commonly 

isolated from sheep were not present in cattle faeces.  In a study of sheep and 

cattle in Norway, it was shown that even though these animals were kept on 

the same farm the VTEC isolated from cattle and sheep had distinctly different 

serotypes and vtx profiles (Urdahl et al. 2003). 

 

Another study in Denmark examined the distribution of VTEC O157 isolated 

from sporadic human infections and strains in the bovine reservoir (Roldgaard 

et al. 2004).  Of the human isolates, 87% were phage types 2, 4, 8 or 14 

whereas only 46% of bovine isolates belonged to these types.  Isolates 

carrying the vtx2 gene were more than four times as prevalent among the 

human isolates compared to those from bovines.  Studies have been 

conducted in Australia (Fegan and Desmarchelier 2002) to compare VTEC 

O157 from human, animal and meat sources.  In contrast to observations in 

other countries, 78% of the 102 VTEC O157 isolates were non-motile.  

Analysis of the vtx gene showed that 93% carried vtx2c, either alone (16%), 

with vtx1 (74%) or with vtx2 (3%).  All strains were eae-positive and all but 

one had the ehxA gene. 
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Table 3.12 Recent reports of VTEC O157 of human and animal origin 

 

Country 

Most common 

phage types in 

human cases 

Most common 

phage types in 

animals 

References 

Denmark 

(n = 80, human) 

(n = 63, bovine ) 

PT4           (28%) 

PT8           (27%) 

PT2           (19%) 

PT14         (13%) 

Other PTs (12%) 

PT14          (22%) 

PT8            (14%) 

PT4            (8%) 

PT2            (2%) 

Other PTs  (24%) 

 

Roldgaard et al. (2004) 

Spain 

(n = 67, human) 

(n = 82, bovine) 

PT2           (28%) 

PT8           (22%) 

PT14         (10%) 

PT39         (4%) 

PT54         (4%) 

PT2            (26%) 

PT8            (21%) 

PT54          (10%) 

PT21/28     (9%) 

 

Mora et al. (2004) 

 

Finland 

(n = 105) 

PT2          (56%) 

PT4          (11%) 

PT49        (10%) 

PT8          (6%) 

 Saari et al. (2001) 

 

The VTEC O157 strains isolated in Spain from humans and animals have 

been compared (Mora et al. 2004).  Five phage types (PT2, PT8, PT14, 

PT21/28 and PT54) accounted for 68% of the strains.  PT2 and PT8 were the 

most frequently found in humans and animals.  These two types differed in 

motility, vtx genotypes, PFGE patterns and severity of the illnesses they 

caused.  PT2 and also PT14, but not PT8 strains, were most frequently 

associated with severe symptoms such as the development of HUS. 

 

Several studies have examined the virulence genes carried by VTEC isolated 

from animals (Jenkins et al. 2002; Djordjevic et al. 2004).  These studies have 

demonstrated that a proportion of the human associated VTEC are also 

isolated from cattle.  VTEC isolated from the environment in France have also 

been examined and only 20% of these VTEC were eae-positive, including 

strains belonging to O26, O101, O113, O121 and O157 (Vernozy-Rozand et 

al. 2004). 

 

A recently published report from Brazil described the characterization of VTEC 

from patients in Brazil (Vaz et al. 2004).  Most of the strains came from 

children, with serogroups O26 and O111 predominating and only one strain of 

O157: H7 being identified. 
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Characterisation of VTEC can also be useful for atypical strains.  Examples 

have been the sorbitol-fermenting VTEC O157 that are -glucuronidase 

positive (Bielaszewska et al. 2000) and GUD+ but sorbitol-negative strains 

isolated in Japan (Nagano et al. 2004).  The Japanese strains were isolated 

from an asymptomatic woman and wild deer but were not associated with any 

cases of severe disease such as haemorrhagic colitis or HUS.  Sorbitol-

fermenting VTEC O157 strains provide a diagnostic challenge because many 

laboratories use media containing sorbitol as the basis for differentiating  

E. coli O157.  The SF VTEC O157 strains all carry a plasmid-encoded sfpA 

gene cluster that encodes novel pili.  The cluster comprises six genes that 

mediate mannose-resistant haemagglutination and expression of pili 

(Friedrich et al. 2004).  A PCR targeting sfpA has potential diagnostic 

possibilities.  It represents a rapid, simple and specific screening method for 

SF VTEC O157.  This would be suitable for examining the geographical 

distribution of these organisms and prevalence in different countries.  Little is 

known about the reservoir for SF VTEC O157 and only one strain has been 

isolated so far from a cow (Bielaszewska et al. 2000).  Some SF E. coli O157: 

H- strains that lack vtx genes have been reported (Schmidt et al. 1999b; 

Allerberger et al. 2000; Friedrich et al. 2004).  These strains carry the sfpA 

gene, suggesting that the vtx-negative strains originated from SF VTEC O157.  

It is interesting to note that the sfpA gene was not identified in O55: H7 

proposed as being the ancestor of VTEC O157.  The sfp gene cluster is 

inserted into a region corresponding to where katP and espP are located in 

the pO157.  Thus the plasmids of SFVTEC O157: H- are distinct from the 

NSFVTEC O157: H7/H- in that katP and espP are not present in the former. 

 

3.9.3 Antimicrobial resistance 

 

Antimicrobial resistance has been reported in VTEC including VTEC O157 

and can be used as an epidemiological marker.  Studies of antimicrobial 

resistance of VTEC O157 have been conducted over several years in England 

and Wales and showed an increase over time.  Strains were tested using an 

agar dilution method (Willshaw et al. 2001).  In 1992 and 1993, the 

proportions of resistant strains were 10.2% and 14.5% respectively (Thomas 

et al. 1996).  In 1994, 20.4% of VTEC O157 were resistant to at least one 

antimicrobial and this proportion was found on average over the period 1995 

to 1998 (range 17.4% - 22.8%) (Willshaw et al. 2001).  Between 1999 and 

2001, the proportions ranged from 18.1% to 24.6% (Jiggle et al. 2003).  

Strains resistant to four or more drugs accounted for less than 2% of isolates.  

The resistance profiles were limited with the vast majority being SSu, SSuT or 

SuT (S, streptomycin; Su, sulphathiazole; T, tetracyclines).  Resistance to 

both nalidixic acid and ciprofloxacin was observed for the first time in 1998 in 
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two linked cases who had travelled to the Canary Islands (Willshaw et al. 

2001).  Animal VTEC O157 isolates showed a resistance rate of 14.7% for the 

period 1999 to 2001 and only 11.4% of the food, water and environmental 

isolates were resistant to at least one antimicrobial.  There were clear 

associations between antimicrobial resistance and phage types of human and 

animal resistant isolates, 56% were PT2 and R type SSuT. 

 

VTEC O157 isolates were examined for antimicrobial resistance as part of the 

IPRAVE project funded by the Wellcome Trust.  Cattle and environmental 

isolates were examined from two farms in the Highlands.  All 293 isolates 

were resistant to sulphamethoxazole (25mg/l) and 11.6% were resistant to 

chloramphenicol (8mg/l).  Two isolates showed resistance to chloramphenicol 

and tetracycline (Vali et al. 2004).  The isolates in this study were from 

untreated animals as far as was known. 

 

Antimicrobial resistance has also been investigated in non-O157 VTEC.  An 

Australian study showed that 15.4% of VTEC, from man and animals, were 

resistant to at least one antimicrobial.  Most of the resistant VTEC from 

animals were from sick cattle, with ASSu (A. ampicillin) being the predominant 

R-type.  Among the porcine VTEC isolates, 71% were resistant with the main 

R-type being SSuT (Bettelheim 2003).  Of non-O157 VTEC in India, 49.2% 

resistant strains were from human and animal faeces and four beef samples 

(Khan et al. 2002a).  Resistance to ampicillin and tetracycline was observed 

most commonly (25.4% and 23.8%, respectively). 

 

In Europe >96% of the VTEC of serotype O118: H16 isolated showed 

resistance to one or more antimicrobials.  Only 10-15% of strains of other 

serotypes were resistant (Kobayashi et al. 2001; Maidhof et al. 2002; 

Schroeder et al. 2002).  

 

In Brazil, Cergole-Novella et al. (2006) reported the highest frequencies of 

susceptibility to antimicrobial agents among bovine (87%) and food (100%) 

VTEC strains.  Furthermore, 47.6% of the human isolates were resistant to at 

least one drug and multi-resistance occurred among O111 STEC strains from 

human and bovine origin.  Resistance was most frequently observed with 

tetracycline (90%) and streptomycin (75%) among human strains, and also 

sulphazotrin (88%) in animal strains. 
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3.10 Gaps in Knowledge 

 

 The serodiagnosis of infections caused by VTEC O157 provides 

valuable information relating to the incidence of human disease 

caused by these organisms; however, the antibody to the LPS of 

other VTEC serogroups is less well understood.  There is a need to 

know how patients respond to these other VTEC LPS antigens and 

whether antibody to LPS expressed by VTEC belonging to serogroups 

such as O5, O26, O111 cross-react with other enteric bacteria.  

Certain patients have been shown to produce serum antibodies to 

intimin and EspA, but further work is required to obtain a better 

understanding of their value in serodiagnosis.   

 

 More evaluations of commercial kits and óin houseô assays for the 

detection of VTEC. 

 

 Further studies to investigate the prevalence of VTEC, particularly 

non-O157, in the UK and other European countries. 

 

 Use of reliable, standardised, inexpensive and easy-to-use methods 

for the detection and isolation of VTEC in a variety of samples 

(clinical, animal, food, water and environmental).  The methods should 

be based on detection of VT toxins or vtx genes. 

 

 Improved methods for the detection and isolation of sorbitol 

fermenting and glucuronidase positive VTEC O157 from a variety of 

sources (e.g. animal, environmental, food, water and human clinical 

samples). 

 

 Better primary isolation media or methods to enable rapid and easy 

isolation or confirmation of VTEC (especially non-O157 VTEC) from 

mixed populations and complex sample matricies (e.g. food, animal, 

environmental, human clinical). 

 

 Evaluation of sample size (animal faecal samples/pats) and its effect 

on VTEC O157 detection success and method sensitivity. 

 

 Extension of the international serotyping scheme particularly for 

detection of emerging new serogroups.  Expansion of the quality 

assessment scheme for the O serogrouping of E. coli. 
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 Use of standardised internationally agreed methods for the typing of 

VTEC. 

 

 Development of more rapid molecular typing methods is required to 

replace PFGE, which is labour intensive and not very rapid. 

 

 Development of sequence-based typing for VTEC including those of 

serogroup O157.  MLST is being applied to non-O157 VTEC but is not 

suitable for VTEC O157.  The use of single nucleotide polymorphisms 

may provide a cost-effective approach in investigations of the 

population genetics of VTEC. 

 

 Application of appropriate typing methods is required to show which of 

the specific types of VTEC isolated from animals (both farm and wild) 

are the same as those from man. 

 

 Why are the VTEC serotypes most commonly found in animals and 

foods not the ones most commonly found in human disease?  Why 

are the VTEC most frequently associated with human disease rarely 

found in animals or elsewhere? 

 

 Genome sequence comparison between VTEC O157 and VTEC of 

other serogroups, particularly those associated with severe human 

disease.  Such studies should investigate tRNA loci and O-islands.  

Comparison of the transcriptions and proteomes of different VTEC 

should be conducted. 

 

 Understanding the distribution and role of sorbitol-fermenting VTEC 

O157.  Until very recently most of the isolations of sorbitol-positive 

VTEC O157 have been in Southern Germany but in 2003 and 2004 

these strains were isolated from cases of HUS in Scotland and 

England. 

 

 Significance of óapparent species specificityô of the VTEC isolated 

from different animals.  This needs investigating from the relevance to 

animal husbandry and also as a cause of disease in man. 

 

 Is there a role of other enteric pathogens in VTEC infections as this 

has been reported in several studies? 

 

 Comparative genomic-based studies to inform ñmolecular risk 

assessmentsò.  This will inform action planning when different VTEC 

serotypes are identified in man, animals, foods and the environment. 
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