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An assay for determining a molecular risk assessment of a complex polymicrobial

sample suspected to contain an EHEC

Since the early 1980s, Shiga toxin-producing Escherichia coli (STEC) have

emerged as a major cause of food-borne infections (Karmali et al.1983, Riley et al.1983).

LT

STEC can cause diarrhiea in humans and some STEC strains may cause life-threatening

diseases such as Hemorrhagic Colitis (HC) and Haemolytic Uraemic Syndrome (HUS).
According to their human pathogenicity the latter strains were also designated as
enterohaemorrhagic E. coli (EHEC) (Levine 1987, Nataro and Kaper 1998). Numerous cases
of HC and HUS have been attributed to EHEC serotype O157:H7 strains, but it has now been
rccognized that other serotypes of STEC belong to the EHEC group. A STEC seropathotype
classification (from A to E) based upon the scrotype association with human epidemics, HUS
and diarrhea has been developed as an aid to asscss the clinical and public health risks
associated with non-O157 EHEC and STEC strains (Karmali et al.2003). Recent data from
Enter-Net, a global surveillance consortium of 35 countries that tracks cnteric infectious
diseases, showed that the number of human diseases caused by non-0157 STEC and EHEC
increased globally by 60.5% between 2000 and 2005, while at the same time the number of
cases linked to EHEC 0157 increased by only 13% (Anonymous 2005). Among the top five
of non-0157 EHEC serotypes most frequently implicated in hemorrhagic diseases in 2005,
80% belong to seropathotype B and 20% belong to seropathotype C (Anonymous 2005).
None belong to the less-virulent STEC seropathotypes D and E, suggesting that selection for
highly virulent strains is currently taking place.

The production of Shiga toxin by FHEC is the primary virulence trait
responsible for HUS, but many E. coli non-O157:H7 strains that produce Shiga toxin do not
cause HUS. Identification of human virulent STEC by unique detection of stx genes may be
misleading since not all STEC strains are clinically significant to humans (EFSA 2007). In
addition, to produce one or both types of Shiga toxins, typical EHEC strains harbour a
genomic island, called the “locus of enterocyte effacement” (LEE). This locus was first
identified in enteropathogenic E. coli (EPEC), predominant cause of infant diarrhea in
developing countries. The LEE carries genes encoding functions for bacterial colonization of
the gut and for destruction of the intestinal mucosa thus contributing to the disease process
(Nataro and Kaper 1998). The LEE encoded eae-gene product intimin is directly involved in
attaching and effacing (A/E) process and serves as an indicator for the A/E function in the

bacteria (Zhang et al.2002). Considerable heterogeneity has been identified among the DNA
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sequences of the eae genes, especially in their 3’-end region, which has led to the
classification of at least 21 intimin subtypes. Among these, the eae-y subtype has commonly
been found in EHEC O157:H7 and O145:H28, whereas eae-f, eae-¢ and eae-6 subtypes have
commonly been detected in EHEC 026:H11, O103:H2, and O111:H8 respectively (Oswald et
al. 2000; Tarr and Whittam 2002).

~~The LEE inciudes regulatory elements; a type T secretion system (TTSS),
secreted effector proteins, and their cognate chaperon (Elliott et al.1998, Perna et al.1998). In
addition to the intimin, most of the typical EHEC strains harbour the plasmid encoded
enterohaemolysin (esxA) which is considered as an associated virulence factor (Nataro and
Kaper 1998). However, the LEE and the enterohaemolysin are not found in all STEC causing
HC and HUS and the corresponding strains were designated as atypical EHEC (Nataro and
Kaper 1998). Atypical EHEC are less frequently involved in hemorrhagic diseases than
typical EHEC, but are a frequent cause of diarrhea, indicating additional virulence
determinants play a role in the pathogenicity (Brooks et al.2005, Eklund et al.2001).

Virulence in bacterial pathogens is modulated by the acquisition of mobile
genetic elements such as genomic islands (Lawrence 2005). One class of genomic islands,
called pathogenicity islands (PAIs) constitute a flexible gene pool contributing to pathogen
evolution and virulence potential and can be used as a genetic signature of new and emerging
pathogens. A huge number of type III effectors which are encoded by PAIls outside the LEE
have been described in EHEC and in enteropathogenic E. coli (EPEC) strains.

Techniques exist to determine the presence of a STEC contamination in a
sample by for instance detecting the presence of the stx//stx2 genes and the eae gene
(Loukiadis et al.2006). But as explained above the genetic basis of STEC pathogenicity is a
lot more complex than the presence or absence of one or both of these genes. In a complex
sample, which may comprise a mixture of strains, the presence of the si&x//2 genes and the
LEE is also not always indicative of the presence of an EHEC in this sample.

Therefore no reliable tests exist at the present time to screen a complex
poly-microbial sample (e.g. food, fecal, environmental samples) for the presence of EHEC.
Given that some EHEC strains can cause very serious health problems in humans, workers
using existing methods must discard a sample whenever a STEC strain is detected therein;
even though it is likely this STEC does not pose a threat to human health. Existing methods
therefore result in a large amount of wastage due to lack of discrimination between non-

pathogenic STEC strains and EHEC strains.
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In addition due to the nature of the samples being tested, these can comprise
a number of diverse bacterial strains each comprising a different complement of genes and
hence each presenting a different possible level of pathogenicity.

Therefore a more complex and nuanced assay is required to allow a more
complete molecular risk assessment to be performed upon a sample suspected of comprising a
STEC, this new assay should be able to determine the risk posed/pathogenicity of a particular
contaminating STEC strain. This assay should also because of its increased complexity allow
the identification of known virulent EHEC strains which cannot at the present time. be
routinely identified in a sample.

In accordance with a first aspect of the present invention, there is provided a
process to perform a molecular risk assessment (MRA) upon a sample suspected to contain a
Shiga toxin-encoding Escherichia coli (STEC), comprising the steps:

contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

-stxl;

- stx2; and at least one of the following target genes:

- eae;

- espkK;

wherein said process is characterised in that it also comprises contacting
said sample or DNA isolated therefrom with a pair of primers derived from the following
target genes:

- nleB;

-nleHI-2;

- nleE;

- entlesplL2;

and detecting the presence or the absence of an amplification product for
each of said target genes.

This process allows a detailed molecular risk assessment to be made upon a
sample suspected of containing a STEC contaminant and in this risk assessment a worker can
identify which of the panel of selected target genes the contaminant comprises and from this
determine whether this contaminant pose a threat to human health or not. In particular this
process may be used to determine whether or not a STEC strain is an EHEC strain. The
inventors have shown that the presence of all these target genes in a strain correlates with the

strain being an EHEC strain,

CA 2770275 2019-03-05
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The stx! and stx2 genes encode the shiga toxins and their presence is
therefore essential for pathogenicity. The eae gene (intimin) is encoded by the LEE genomic
island and is therefore a useful marker for this genomic island which is known to be
associated with typical EHEC strains and with EPEC strains. The inventors have also

established that some nle genes or alleles of these genes and the espK gene (Z21829) are linked

“to EHEC strains and can therefore be used in place of or in addition to eae.

Some EHEC and EPEC strains also share other genomic islands in addition
to the LEE which encode various effector proteins. These non-LEE encoded effector proteins
are encoded by large panel of nle genes which arc more or less associated with the virulence
of E. coli.

Consequently, the presence just one of the genes stx/, stx2, eae, espK and a
selected nle gene such as nleB, does not provide sufficient information to definitively predict
the presence of an EHEC in a complex poly-microbial sample (e.g. food or fecal samples). As
a number of foods which are not contaminated by EHEC comprise bacteria with at least one
of these genes, they can’t be use by themselves as a marker of EHEC. However, when the
minimum complement according to this first aspect of the present invention is present in the
same sample this can be used as a reliable predictor of virulence as demonstrated below.

Given the fact that it is not realistic to get a unique marker of EHEC strains
as has been achieved for other pathogenic bacteria such as Salmonella spp., the inventors have
developed and refined a process based on the detection of selected targets to screen poly-
microbial samples (e.g. food, fecal, environmental samples). This process is based on a multi-
parametric approach based on the detection of stx1/2 and eae (and/or espK) together with at
least the following genes: ent/espL2, nleB, nlek and nleH1-2.

The nle genes can be derived from different mobile genetic elements,
including genomic islands. The inventors focused their efforts on the detection of the genes of
two genomic islands : the OI#122 genes ent/espL2 (Z4326), nleB (Z4328), nleE (Z4329) and
the OI#71 genes: nleF (Z6020), nleHI1-2 (26021), nled (Z6024). They found that the OI#122
genes ent/espL2 (Z4326), nleB (Z4328), nleE (Z4329) and the Ol#71gene nleH1-2 (Z26021)
(names in brackets are unique Genbank identifiers), were closely associated with typical
EHEC strains and with some EPEC strains.

This process therefore allows a worker to routinely determine firstly
whether or not a sample comprises a STEC contaminant and secondly allows a worker to

determine whether or not this STEC strain is likely to be an EHEC strain.
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All the steps of this process can be performed at the same time using for
instance a series of amplification reactions or a multiplex amplification reaction. By way of
example, a multiplex amplification reaction based on the GeneDisc® system has been used by
the inventors. The GeneDisc® system is a recent innovation in the field of DNA amplification
using GeneSystems® PCR technology (Beutin et al.2009) which allows the simultancous
detection of multiple targets in reaction microchambers preloaded with the reagents necessary
for detecting and quantifying the required targets (Beutin et al.2009, Yaradou et al.2007).

Alternatively the steps can be performed at different times. For instance a
sample can be initially analysed for the presence of the stx1, stx2 and eae and/or espK genes.
If the results of this reaction are positive the sample can then be analysed for the presence of
the remaining virulence determinants nleB, nleHI-2, nleE and ent/espL2 and a MRA made
using both sets of results.

In the present invention any set of suitable primers may be used to amplify a
target gene so as to produce a detectable amplification product. Most normally this will be a
pair of primers separated by a number of base pair from each other in the target gene.
However a single primer may be used if this leads to a detectable amplification product or
alternatively more than two primers may be used to amplify one or more of the target genes.
All such variations are encompassed by the present invention.

In particular the present invention provides a process to perform a MRA
upon a sample suspected to contain a EHEC, comprising the steps:

contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

- stx1, using at least one primer defined by SEQ ID NO: 1 or SEQ ID NO: 2,
or a fragment of at least fifteen nucleotides thereof;

- stx2 using at least one primer defined by SEQ ID NO: 4 or SEQ ID NO: 5,
or a fragment of at least fifteen nucleotides thereof; and at least one of the following target
genes:

- eae using at least one primer defined by SEQ ID NO: 7 or SEQ ID NO: §,
or a fragment of at least fifteen nucleotides thereof;,

- espK using at least one primer defined by SEQ ID NO: 82 or SEQ ID NO:
83, or a fragment of at least fifteen nucleotides thereof;

wherein said process is characterised in that it also comprises contacting
said sample or DNA isolated therefrom with a pair of primers derived from the following

target genes:

CA 2770275 2019-03-05
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- nleB using at least one primer defined by SEQ ID NO: 16, SEQ ID NO:
17, SEQ ID NO: 79 or SEQ ID NO: 80 or a fragment of at least fifteen nucleotides thereof;

- nleHI-2 using at least one primer defined by SEQ ID NO: 25 or SEQ ID
NO: 26, or a fragment of at least fifteen nucleotides thereof;

- nleE using at least one primer defined by SEQ ID NO: 19 or SEQ ID NO:

20, or a fragment of at I¢ast fiftcen nucicotides thereof;

- ent/espL2 using at least one primer defined by SEQ ID NO: 13 or SEQ ID
NO: 14, or a fragment of at least fifteen nucleotides thercof;

and detecting the presence or the absence of an amplification product for
each of said target genes.

The inventors have found that this process can be used to identify a wide
range of 0157 EHEC strains as well as other pathogenic EHEC strains of different serotypes
for instance 0103, 0111, 026, 0145, 05, 055, 045, 0118, 0121, 0123, 0165, 0172, O15.
All ege-negative STEC stains were also negative for the set of nle genes investigated in this
study. In contrast, nle genes were present in typical EHEC, including the new emerging
serotypes. Atypical EHEC i.e. 091:H21 and O113:H21 known to rarely cause outbreaks and
being of low incidence (EFSA 2007) tested negative for the nle genes.

The inventors have therefore shown that the simultaneous detection of the
Shiga-toxins (stx/ and stx2), intimin (eae), together with some non-LEE effectors genes
belonging to genomic O-isiand OI#71 and the module 2 of OI#122 provide a thorough
approach for molecular risk assessment of STEC virulence.

In particular the process also comprises contacting said sample or DNA
isolated therefrom with a pair of primers derived from at least one of the following target
genes:

- ehxA using at least one primer defined by SEQ ID NO: 10 or SEQ ID NO:
11, or a fragment of at least fifteen nucleotides thereof:

- nleF using at least one primer defined by SEQ ID NO: 22 or SEQ ID NO:
23, or a fragment of at least fifteen nucleotides thereof;

- nleA using at least one primer defined by SEQ ID NO: 28 or SEQ ID NO:
29, or a fragment of at least fifteen nucleotides thereof.

The ehxA gene is present upon the plasmid pO157 frequently found in
EHEC strains. The genes nleF (Z6020) and nled (Z26024) issued from O-Island 71 PAT were

unequally distributed in EHEC isolates and their prevalence was respectively of 72.76% and
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79% that is much lower than the prevalence of nleH1-2 (Z6021) which was found to be absent
in only one strain O26:H11 among the various strains tested by the inventors.

The amplification products according to the present invention can be
generated using any suitable DNA amplification technique such as PCR either in simplex or

multiplex forms, using any of the various natural or engineered enzymes available for this

purpose. Alternative methods such as nucleic acid sequence—based amplification (NASBA),
branched DNA, strand displacement amplification and the loop-mediated isothermal
amplification (LAMP) method (Compton 1991, Chang 1991, Walker et al.1992, Notomi et
al.2000) could also be used to generate the amplification products.

In particular the amplification products, when present, are detected using a
degenerate probe defined by the following sequence for each target gene:

- stx], SEQ ID NO: 3, or a fragment of at least fifteen nucleotides thereof;

- stx2, SEQ ID NO: 6, or a fragment of at least fifteen nucleotides thereof;

- eae, SEQ ID NO: 9, or a fragment of at least fifteen nucleotides thereof;

- espK, SEQ ID NO: 84, or a fragment of at least fifteen nucleotides thereof;

- ehxA4, SEQ ID NO: 12, or a fragment of at least fifteen nucleotides thereof;

- nleF, SEQ ID NO: 24, or a fragment of at least fifteen nucleotides thereof;

- nleB, SEQ ID NO: 18 or SEQ ID NO: 81, or a fragment of at least fifteen
nucleotides thereof;

-nleHI-2, SEQ ID NQO: 27, or a fragment of at least fifteen nucleotides

thercof;
- nleE, SEQ ID NO: 21, or a fragment of at least fifteen nucleotides thereof;,
- nled, SEQ ID NO: 30, or a fragment of at least fifteen nucleotides thereof;
- ent/espL2, SEQ ID NO: 15, or a fragment of at least fifteen nucleotides
thereof.

In particular the process further compriscs performing a negative
amplification control and/or an inhibition control;

and detecting the presence or the absence of an amplification product from
said reactions.

In processes which concern aspects of human health, it is desirable as far as
possible to ensure the results of the assay are as accurate and dependable as possible. In order
to do this the assay may comprise a number of internal and external controls to ensure that the
results of the assay are representative of the true contents of the sample. Therefore the present

process may comprise a negative amplification control to ensure any detected products are
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true positives and also the process may comprise an inhibition control to ensure that the DNA
from the sample is able to be amplified and hence that no false negatives are generated.

In addition to these types of internal experimental controls, the process may
also be performed a number of times and the results pooled so as to achieve a more
representative result.

“Inparticular the probes are labelled with at least one fluorescent tabel. -

Non-limiting examples of suitable fluorescent labels include 6-
carboxylfluorescein (FAM), tetrachloro-6-carboxyfluorescein (TET), 6-carboxy-X-rhodamine
(ROX). Non-limitative examples of suitable quenchers for labelling dual-labelled probes
include 6-carboxy-tetramethyl-rhodamine (TAMRA), DABCYL, Non-Fluorescent Quenchers
such as quenchers of the Black Hole Quencher family (BHQ), or including a minor groove
binder group (MGB).

In particular wherein the amplification products are generated using a
multiplex amplification reaction.

Alternatively the amplification products are generated using a series of
independent/simplex amplification reactions.

In particular wherein the amplification reactions are performed in a
macroarray.

In accordance with the present Patent Application a macroarray is used to
describe a preformed structure such as a substrate upon which a number of DNA primers have
been spotted, these primers being those described according to the various aspects of the
present invention. Such a macroarray therefore allows the routine performance of one or more
of the detection assays described herein. A preferred macroarray is the GeneDisc system
described herein.

The inventors preferred means for performing the process is a GeneDisc
array which allows the simultaneous testing of the genes encoding Shiga toxins 1 and 2 (stx1
and stx2), intimins (eae). enterohaemolysin (efixAd) and six different nle genes derived from
genomic islands OI#71 and OI#122 (module 2).

The EHEC associated virulence determinants were reliably detected with
the GeneDisc assay, presenting it as a suitable detection tool for routine diagnostics. In
contrast to many other diagnostic tests, the results arc obtained without need for special
laboratory equipment and for specifically trained personnel and the assay is performed in a

very short time. Such a low density macro-array would represent thus an innovative and
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efficient molecular risk assessment tool for routine monitoring of STEC isolates and for
identification of classical and new emerging EHEC strains.
In particular wherein the amplification reaction is a real time PCR reaction.
Real time PCR, also called quantitative real time polymerase chain reaction

(gPCR) or kinetic polymerase chain reaction, is used to amplify and simultaneously quantify a

“targeted DNA molecule. It enables both detection and quantification (as absolute number of-

copies or relative amount when normalized to DNA input or additional normalizing genes) of
a specific sequence in a DNA sample. The procedure follows the general principle of
polymerase chain reaction; its key feature is that the amplified DNA is quantified as it
accumulates in the reaction in real time after each amplification cycle (Mackay 2007). Two
common methods of quantification are the use of fluorescent dyes that intercalate with
double-strand DNA, and modified DNA oligonucleotide probes that fluoresce when
hybridized with a complementary DNA (Mackay 2007).

A preferred RT-PCR method uses the GeneDisc system as outlined below.

According to a further aspect of the present invention there is provided a
process to perform a molecular risk assessment upon a STEC strain, wherein said process is
characterised in that it also comprises contacting said sample or DNA isolated therefrom with
a pair of primers derived from at least one of the following target genes:

- nleB using at least one primer defined by SEQ ID NO: 16, SEQ ID NO:
17, SEQ ID NO: 79 or SEQ ID NO: 80 or a fragment of at least fifteen nucleotides thereof;

- nleHI-2 using at least one primer defined by SEQ ID NO: 25 or SEQ ID
NO: 26, or a fragment of at least fifteen nucleotides thereof;

- nleE using at least one primer defined by SEQ ID NO: 19 or SEQ ID NO:
20, or a fragment of at least fifteen nucleotides thereof;

- ent/espL2 using at least one primer defined by SEQ ID NO: 13 or SEQ ID
NO: 14, or a fragment of at least fifteen nucleotides thereof;

and detecting the presence or the absence of an amplification product for
each of said target genes.

In addition to the specified primers, other primers to the specified target
genes can also be used and are encompassed by this aspect of the present invention.

The present invention thercfore also provides a process to perform a
molecular risk assessment upon a sample known to comprise a STEC strain. Wherein the
presence of the listed target genes indicates the STEC strain is likely to be an EHEC strain

and hence hazardous to human health.
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According to a further aspect of the present invention there is provided a
method to predict the serotype of a STEC strain based upon the pattern of nle genes present in
a sample. This method comprises the steps of:

contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

- nleB using at least one primer defined by SEQ ID NO: 16, SEQID NO:

17, SEQ ID NO: 79 or SEQ ID NO: 80 or a fragment of at least fifteen nucleotides thereof;

- nleHI-2 using at least one primer defined by SEQ ID NO: 25 or SEQ ID
NO: 26, or a fragment of at least fifteen nucleotides thereof;

- nleE using at least one primer defined by SEQ ID NO: 19 or SEQ ID NO:
20,v0r a fragment of at least fifteen nucleotides thereof;

- entlespl.2 using at least one primer defined by SEQ ID NO: 13 or SEQ ID
NO: 14, or a fragment of at least fifteen nucleotides thereof;

- nleF using at least one primer defined by SEQ ID NO: 22 or SEQ ID NO:
23, or a [ragment of at least fifteen nucleotides thereof;

- nleA using at least one primer defined by SEQ ID NO: 28 or SEQ ID NO:
29, or a fragment of at least fifteen nucleotides thereof;

and detecting the presence or the absence of an amplification product for
each of said target genes.

The inventors have found that the pattern of nle genes present in a strain
differs between different strains and hence can be used to distinguish between different EHEC
strains.

One characteristic nle pattern [ent/espL2, nleB, nleE, nleF, nleH1-2, nleA]
was found associated with EHEC O157:[H7], OI111:[H8], O26:[H11], O103:[H25],
0118:[H16], O121:[H19], O5:[Hnm], O55:[H7], O123:[H11], O172:[H25], and O165:[H25]
strains. Interestingly, sorbitol-fermenting (SF) O157:[Hnn], stx2 strains and O-rough:[H7]
(stx2, eae-gamma) strains, that were previously identified as positive for the rfbEo;s57 gene
showed the same typical virulence profile.

‘This approach can also be used to identify a number of new emerging
EHEC strains that were recently reported as severe human pathogens. One of these is the
EHEC 0103:H25 type strain, responsible for a foodborne outbreak of HUS in Norway in
2006 (Schimmer et al.2008), which had the same nle profile as EHEC O157:[H7], that is
[ent/espL2, nleB, nleE, nleF, nleH1-2, nled].
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Another emerging EHEC type OS5:Hnw strain isolated from beef, dairy
products and human patients with HC (McLean et al.2005) shows the same nle pattern
[ent/espL2, nleB, nleE, nlel, nleH1-2, nleA]. Intcrestingly, EHEC O118:H16/Hnw currently
emerging as a new highly virulent STEC type in Europe (Maidhof et al.2002) shows this same
nle pattern [en/espL2, nleB, nleE, nieF, nleHI-2, nleA] that is characteristic for EHEC

--0157:H7 and most of the typical EHEC strains-tested:

Based on the PCR tests described in accordance with the invention, the
inventors have found that not all EHEC possess a complete (all six nle target genes listed
above) nle pattern. EHEC strains of serotypes O103:H2, O145:H28 showed a second
characteristic nle pattern with positive signals for only [ent/espL2, nleB, nleE, nleHI-2] by
using the primers and probes described in the invention. Using other primers or probes to
detect the same genes may result in a totally different pattern. Thus, Creuzburg and Schmidt
(2007) using different primers report the detection of nle4 in some O103:H2 strains. They
also report the existence of 11different nled variants in E. coli strains showing that the nleA
like the other nle genes is likely genetically variable.

By using the primers and probes of the invention, other newly emerging
EHEC O15:H2 and O45:H2, which are highly virulent clones involved in HUS, were found to
posscss the same nle pattern [ent/espL2, nleB, nleE, nleHI1-2] as EHEC O103:H2 and
0145:H28 strains.

The overall results indicate that EHEC constitute a heterogeneous group
sharing a common core of nle virulence determinants but also harbour many variable nle
genes that are strain and/or serotype specific, probably reflecting adaptation of these strains to
different host or environmental niche. It is noteworthy that the presence in the same strain of a
core of virulence determinants [eae, ent/espL2, nleB, nlek, and nleH[-2] is a strong signature
of a pathogenic EHEC that can cause human morbidity and mortality. The inventors have
shown that these virulence factors are found in all typical EHEC and also in new emerging
EHEC types in Europe and North-America e.g. O5:Hym (McLean et al.2005), O15:H2 (Starr
et al.1998), O118:H16 (Maidhof et al.2002), O121:H19 (Brooks et al.2005).

In particular therefore wherein the »le pattern is:

[ent/espL2, nleB, nleE, nleF, nleH1-2, nleA], the EHEC strain is likely to
belong to the group comprising: EHEC O157:[H7], O111:[H8], O26:[H11], O118:[H16],
O121:[H19], O5:[HNM], O55:[H7], O123:[H11], O172:[H25], O165:[H25], O157:[Hnm,
0103:[H25], O5:[Hnm], O118:[H16/Hnw]; or
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[ent/espL2, nleB, nleE, nleH1-2], the EHEC strain is likely to belong to the
group comprising: EHEC O103:[H2], O145:[H28], O15:[H2] and O45:[H2].

In addition a number of stx-negative, eae-positive E. coli strains belong to
EHEC associated serotypes which resemble EHEC strains according to their eae-genotypes
and their nle-gene pattern. It seems likely that these strains represent remnants of EHEC
strains that have lost their stx genes. Thus, the nle-genotyping assay could be helpful to detect
remnants of EHEC in HUS-patients which were reported to excrete frequently EHEC that
have lost their stx-genes with their faeces (Bielaszewska et al.2007). The nle genes, in
different distributions, were also detected in some EPEC strains (O113:H6, O127:H6,
0128:H2, O156:H8, 055:H6, O55:H7, 084:H2 and 086:H40). Contrary to the results
reported by Creuzburg and Schmidt (2007), the EPEC strain E2348/69 (O127:H6) was tested
positive for the nled (Z6024) in our study. The fact that these EPEC strains carry multiple
types of nle genes is a clear indication of the role these effectors might play in EPEC induced
diarrhea in infants. These nle genes were absent in Enterobacteriaceae species that are
frequently isolated from human feces and in fecal E. coli that represent the stool flora of
healthy infants. That is another evidence that nle virulotyping is suitable for a rapid
characterization of highly virulent Stx-positive E. coli strains.

In accordance with a further aspect of the present invention there is
provided a kit for the detection of shiga toxin producing organisms, comprising at least a set
of primers for the target genes:

- nleB;

-nleHI-2;

- nlek;

- entlesplL2;

and optionally a set of probes as to detect the amplification products for
each target gene.

In accordance with a further aspect of the present invention there is
provided an isolated nucleic acid molecule consisting of the amplification product resulting
from a process according to the present invention.

In accordance with a second aspect of the present invention there is
provided a process to perform a molecular risk assessment (MRA) upon a sample suspected to
contain a Shiga toxin-encoding Escherichia coli (STEC), comprising the steps:

a) contacting said sample or DNA isolated therefrom with a pair of primers

derived from the following target genes:

CA 2770275 2019-03-05
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- a pair of primers targeting sfx2 comprising at least one primer defined by SEQ
ID NO: 4 or SEQ ID NO: 5, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting eae comprising at least one primer defined by SEQ
ID NO: 7 or SEQ ID NO: 8, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting espK comprising at least one primer defined by
SEQ ID NO: 82 or SEQ ID NO: 83, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting n/eB comprising at least one primer defined by
SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 79 or SEQ ID NO: 80 or a fragment of at least
fifteen nucleotides thereof;

- a pair of primers targeting nleHI-2 comprising at least one primer defined by
SEQ ID NO: 25 or SEQ ID NO: 26, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting nleE comprising at least one primer defined by
SEQ ID NO: 19 or SEQ ID NO: 20, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting ent/espL2 comprising at least one primer defined by
SEQ ID NO: 13 or SEQ ID NO: 14, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting e/x4 comprising at least one primer defined by
SEQ ID NO: 10 or SEQ ID NO: 11, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting nleF comprising at least one primer defined by
SEQ ID NO: 22 or SEQ ID NO: 23, or a fragment of at least fifteen nucleotides thereof:

- a pair of primers targeting nled comprising at least one primer defined by
SEQ ID NO: 28 or SEQ ID NO: 29, or a fragment of at least fifteen nucleotides thereof:

- a pair of primers targeting eae y comprising at least one primer defined by
SEQ ID NO: 52 or SEQ ID NO: 53, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting eae B comprising at least one primer defined by
SEQ ID NO: 49 or SEQ ID NO: 50, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting eae 8 comprising at least one primer defined by
SEQ ID NO: 64 or SEQ ID NO: 65, or a fragment of at least fifteen nucleotides thereof:

- a pair of primers targeting eae ¢ comprising at least one primer defined by

SEQ ID NO: 58 or SEQ ID NO: 59, or a fragment of at least fifteen nucleotides thereof;

CA 2770275 2018-04-19



10

15

12b

- a pair of primers targeting r/bE (O157) comprising at least one primer defined
by SEQ ID NO: 31 or SEQ ID NO: 32, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting wbdl (O111) comprising at least one primer defined
by SEQ ID NO: 34 or SEQ ID NO: 35, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting wzw (O26) comprising at least one primer defined
by SEQ ID NO: 37 or SEQ ID NO: 38, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting /ip/ (O145) comprising at least one primer defined
by SEQ ID NO: 40 or SEQ ID NO: 41, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting wzx (O103) comprising at least one primer defined
by SEQ ID NO: 43 or SEQ ID NO: 44, or a fragment of at least fifteen nucleotides thereof.In
accordance with a further aspect there is provided an isolated nucleic acid molecule consisting of
the amplification product resulting from a process according to the present invention.

In accordance with a second aspect there is provided a process to perform a
molecular risk assessment (MRA) upon a sample suspected to contain a Shiga toxin-encoding

Escherichia coli (STEC), comprising the steps:

a) contacting said sample or DNA isolated therefrom with a pair of primers

derived from the following target genes:

CA 2770275 2018-04-19
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-stxl;

- stx2; and at least one of the following target genes:
- eae;

- espk;

and with a pair of primers derived from at least one of the following target

" genes:

- nleB;

-nleHI-2;

- nlek;

- ent/esplL2;

and detceting the presence or the absence of an amplification product for
each of said target genes; and if the amplification products are detected then:

b) contacting said sample or DNA isolated therefrom with one or more pairs
of primers derived from the eae target gene and determining the eae subtype.

In accordance with a preferred aspect of the present invention in step a) the

presence of the genes stx/, stx2, eae or espk and either nleB or eni/espL2 is determined.

In accordance with a further preferred aspect of the present invention the
presence of the specific nleB2 allele of the nleB gene is detected in this assay using at least
one primer selected from the group SEQ ID NO: 79 or SEQ ID NO: 80 or a fragment of at
least fifteen nucleotides thereof. The product of such an amplification reaction being detected
using a probe consisting of SEQ ID NO: 81 or a fragment of at Jeast 15 nucleotides thereof.
The inventors have in particular established a link between the presence of the nleB2 allele

and the host strain being an EHEC rather than a EPEC.

The eae gene encodes a number of distinct subtypes of which currently 21
are known and a smaller number are routinely found in samples. These eae genotypes can be
routinely distinguished on the basis of their sequence using a PCR reaction (Nielsen and
Andersen 2003), as well as by other means such as sequencing, southern hybridisation and

other types of amplification reaction.

In accordance with a further aspect of the present invention in the step b),

the eae subtypes eae v, eae B3, eae 6, and eae ¢ are detected.

According to a further aspect of the present invention the eae subtypc is

determined by a method which comprises the steps of:
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contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

- eae v using at least one primer defined by SEQ ID NO: 52 or SEQ ID NO:
53, or a fragment of at least fifteen nucleotides thereof;

- eae P using at least one primer defined by SEQ 1D NO: 49 or SEQ ID NO:
50, or a fragment of at Teast fifteen nucleofides thereof;

- eae O using at least one primer defined by SEQ ID NO: 64 or SEQ ID NO:
65, or a fragment of at least fifteen nucleotides thereof;

- eae € using at least one primer defined by SEQ ID NO: 58 or SEQ ID NO:
59, or a fragment of at least fifteen nucleotides thereof;

and detecting the presence or the absence of an amplification product for

each of said target genes.

These reactions could in particular be real time PCR reactions in which case
probes for amplification products of each of eae vy, eae B, eae 8 and eae € could be delected
using probes defined by SEQ ID NO: 54 for eae y, SEQ ID NO: 51 for eae , SEQ ID NO: 66
for eae 0 and SEQ ID NO: 60 for eae ¢.

In addition the detection of other eae subtypes is also encompassed by the
present invention such as eae a and eae ¢, using at least one primer defined by SEQ ID NO:
46 or SEQ ID NO: 47, or a fragment of at least fifteen nucleotides thereof for eae o and/or
using at least one primer defined by SEQ ID NO: 61 or SEQ ID NO: 62, or a fragment of at

least fifteen nucleotides thereof for eae £.

Again such detection reactions are preferably realtime PCR reactions in
which case probes defined by SEQ ID NO: 48 for eae o and SEQ 1D NO: 63 for eae &, could

be used respectively.

The inventors have found there to be a correlation between the subtype of
the eae gene and certain seropathotypes (or serogroups) in EHEC strains. The presence
therefore of the stx1/2 and eae genes and selected nle gene(s) (e.g. nleB) together with a
certain eae subtype and serotype is strongly indicative that the tested sample comprises an

EHEC strain.

In accordance with the present invention a serogroup or seropathotype is a

group of bacteria containing a common antigen.
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Although a STEC may belong to one of a number of serogroups, those most
firmly associated with severe human disease, such as EHEC strains, generally belong to the
serogroups O157:[H7], O111:[H8], 026:[H11], EHEC O103:[H2], O145:[H28] (EFSA,
2007). The genes which correspond to these serogroups are rfbE (0157), whdl (O111), wzx
(026), ihp1 (0145) and wzx (0103).

It is possible to test a strain for the presence of one or more of the antigens
which define these serogroups and therefore in accordance with a further aspect of the preset
invention the process according to this second aspect of the present invention further
comprises contacting said sample or DNA isolated therefrom with a pair of primers derived
from the following target genes:

- tfbE (0157);

- wbdl (O111);

- wzx (026);

- ihpl (0145);

- wzx (0103).

According to a further aspect of the present invention the serotype is
determined by a method which comprises the steps of:

contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

- r/bE (0157) using at least one primer defined by SEQ ID NO: 31 or SEQ
ID NO: 32, or a fragment of at least fifteen nucleotides thereof;

- whdl (O111) using at least one primer defined by SEQ ID NO: 34 or SEQ
ID NO: 35, or a fragment of at least fifteen nucleotides thereof;

- wzw (026) using at least one primer defined by SEQ ID NO: 37 or SEQ ID
NO: 38, or a fragment of at least fifteen nucleotides thereof;

- Ihp! (0145) using at least one primer defined by SEQ ID NO: 40 or SEQ
ID NO: 41, or a fragment of at least fiftcen nucleotides thereof;

- wzx (0103) using at least one primer defined by SEQ ID NO: 43 or SEQ
ID NO: 44, or a fragment of at least fifteen nucleotides thereof;

and detecting the presence or the absence of an amplification product for
each of said target genes.

These reactions could in particular be real time PCR reactions in which case

probes for amplification products of each of 7/bE (0157), whdl (O111), wzx (026), ihpl (0145)
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and wzx (0103) could be detected using probes defined by SEQ ID NO: 33 for r/bFE (0157),
SEQ ID NO: 36 for whbdl (0111), SEQ ID NO: 39 for wzx (026), SEQ ID NO: 42 for Ihpl
(0145) and SEQ ID NO: 45 for wzx (0103) .

It is also possible to detect other serotypes such as O118:[HI16],
0121:[H19], O5:[HNM], 055:[H7], O123:[H11], 0172:[H25], O165:[H25], O157:[Hnm],
0103:[H25], O5:[Hyn], O118:[H16/Hyy], O15:[H2] and 045:[H2] and the detection of one

or more of these serotypes is also encompased by the present Patent Application.

According to a further aspect of the present invention the serotype is
determined by a method which comprises the steps of:

contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

- wzx (O121) using at least one primer defined by SEQ ID NO: 67 or SEQ
ID NO: 68, or a fragment of at least fifteen nucleotides thereof;

- wzy (0118) using at least one primer defined by SEQ ID NO: 70 or SEQ
ID NO: 71, or a fragment of at least fifteen nucleotides thereof;

- wzx (O45) using at least one primer defined by SEQ ID NO: 73 or SEQ ID
NO: 74, or a fragment of at least fifteen nucleotides thereof;

- wbgN (055) using at least one primer defined by SEQ ID NO: 76 or SEQ
ID NO: 77, or a fragment of at least fifteen nucleotides thereof;

and detecting the presence or the absence of an amplification product for
each of said target gencs.

Thesc reactions could in particular be real time PCR reactions in which case
probes for amplification products of each wzx (0121); wzy (0118); wzx (045); wbgN (O55)
could be detected using probes defined by SEQ ID NO: 69 for wzx (O121), SEQ ID NO: 72
for wzx (0118), SEQ ID NO: 75 for wzx (045), SEQ ID NO: 78 for wbgN (0O55).

Therefore in accordance with a preferred embodiment of this second aspect
of the present invention there is provided an assay comprising the steps:

a) contacting said sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

-stxl;

- Stx2;

- eae;

- espK;
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- nleB or entlespL2;
- rfBE (0157);

and detecting the presence or the absence of an amplification product for

each of said target genes; and if the amplification products are detected then:

b) contacting said sample or DNA isolated therefrom with one or more pairs

of primers derived from the following target genes and/or eae subtype:

- eaey;
- eae B;

- eae 0;

- eaeg;

- whdl (O111);
- wzx (026);

- ihp1 (0145);
- wzx (0103).

In some aspects, described herein is a process to perform a molecular risk assessment
(MRA) upon a sample suspected to contain an enterohemorrhagic Escherichia coli,

cofnprising the steps:

contacting said sample or DNA isolated therefrom with a pair of primers targeting
the following target genes:

-stxl;

- stx2;
and at least one of the following target genes:

- espK and eae; or

- espk;
and with a pair of primers targeting at least one of the following target genes:

- nleB,;

-nleHI-2;

- nlek;

- entlespL2;
and detecting the presence or the absence of an amplification product for each of
said target genes, wherein if one or more of these genes is absent, said sample can

be considered as presenting a low risk of containing an enterohemorrhagic

CA 2770275 2019-03-05
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Escherichia coli, and if all these genes are present, the sample can be considered
as presenting a high risk of containing an enterohemorrhagic Escherichia coli;
and if the amplification products for each of said genes from step a) are detected
then:

b) contacting said sample or DNA isolated therefrom with one or more pairs of
primers targeting genes eae v;eae P eae 8; eae € and determining the eae
subtype, wherein the subtypes of eae detected are selected from the group

consisting of eae v; eae [3; eae 0; and eae €.

In some aspects, described herein is a process to perform a molecular risk assessment
upon a sample suspected to contain an enterohemorrhagic Escherichia coli , comprising the
steps:

contacting said sample or DNA isolated therefrom with at least a pair of primers
targeting the following target genes:

-sixl;

-stx2;
and at least one of the following target genes:

- espK and eae; or

- espK;
wherein said process is characterised in that it also comprises contacting said sample or DNA
isolated therefrom with a pair of primers targeting at least one of the following target genes:

-nleB,;

-nleHI-2,

- nleF;

- ent/esplL2;

and detecting the presence or the absence of an amplification product for each of said
target genes, wherein if one or more of these genes is absent, said sample can be considered
as presenting a low risk of containing an enterohemorrhagic Escherichia coli, and if all these
genes are present, the sample can be considered as presenting a high risk of containing an

enterohemorrhagic Escherichia coli.

In some aspects, described herein is a kit for the detection of enterohemorrhagic

Escherichia coli strains, comprising:

CA 2770275 2019-03-05
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a pair of primers targeting stx/ comprising at least one primer defined by
SEQ ID NO: 1 or 2, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting stx2 comprising at least one primer defined by
SEQ ID NO: 4 or 5, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting eae comprising at least one primer defined by
SEQ ID NO: 7 or 8, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting espK comprising at least one primer defined by
SEQ ID NO: 82 or 83, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting nleB comprising at least one primer defined by
SEQID NO: 16, 17, 79, or 80 or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting nleH -2 comprising at least one primer defined by
SEQ ID NO: 25 or 26, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting n/eE comprising at least one primer defined by
SEQ ID NO: 19 or 20, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting ent/espl2 comprising at least one primer defined by
SEQ ID NO: 13 or 14, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting efix4 comprising at least one primer defined by
SEQ ID NO: 10 or 11, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting nleF comprising at least one primer defined by
SEQ ID NO: 22 or 23, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting nle4 comprising at least one primer defined by
SEQ ID NO: 28 or 29, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting eae y comprising at least one primer defined by
SEQ ID NO: 52 or 53, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting eae p comprising at least one primer defined by
SEQ ID NO: 49 or 50, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting eae 0 comprising at least one primer defined by
SEQ ID NO: 64 or 65, or a fragment of at least fitteen nucleotides thereof;

a pair of primers targeting eae € comprising at least one primer defined by
SEQ ID NO: 58 or 59, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting »fb£ (O157) comprising at least one primer defined by
SEQ ID NO: 31 or 32, or a fragment of at least fifteen nucleotides thereof;
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- a pair of primers targeting wbdl (O111) comprising at least one primer defined by
SEQ ID NO: 34 or 35, or a fragment of at least fifteen nucleotides thereof;

- apair of primers targeting wzw (026) comprising at least one primer defined by
SEQ ID NO: 37 or 38, or a fragment of at least fifteen nucleotides thereof;

- a pair of primers targeting Jip! (O145) comprising at least one primer defined by
SEQ ID NO: 40 or 41, or a fragment of at least fifteen nucleotides thereof; and

- apair of primers targeting wzx (0103) comprising at least one primer defined by

SEQ ID NO: 43 or 44, or a fragment of at least fifteen nucleotides thereof.

There will now be described by way of example a specific mode
contemplated by the Inventors. In the following description numerous specific details are set
forth in order to provide a thorough understanding. It will be apparent however, to one skilled
in the art, that the present invention may be practiced without limitation to these specific
details. In other instances, well known methods and structures have not been described so as

not to unnecessarily obscure the description.

Example 1. Materials and Methods

Principle of the GeneDisc array

The principle of the GeneDisc array (GeneSystems, Bruz, France) has been
previously reported (Beutin et al.2009). It is based on real-time PCR applications of multiple
targets in a plastic reaction tray engraved with reaction microchambers preloaded with
desiccated PCR primers and TaqMan® probes labeled either with the reporter dye 6-FAM
(490-520 nm) or ROX (580-620 nm).

Properties of the GeneDisc array developed in this study

The “virulotyping GeneDisc” is designed for simultaneous examination of
six different samples, each being tested for ten EHEC specific gene targets, and together with
negative and inhibition controls. It has the following settings: microwell 1) negative PCR
control (6-FAM label) and PCR inhibition control (ROX-label), microwell 2) s&x2 (FAM) and
stx1 (ROX), microwell 3) ent/espL2 (FAM) and nleF (ROX), microwell 4) nleB (FAM) and
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nleH1-2 (ROX), microwell 5) nleE (FAM) and nle4 (ROX), and microwell 6) ehx4 (FAM)
and eae (ROX).

For further experiments on eae subtype detection and serotype detection the
following settings were used in experiment 1: microwell 1) O157 (FAM) and stx]1 + stx2

(ROX); microwell 2) nleB (FAM) and eae (ROX); microwell 3) negative control (FAM and

SN

~inhibition control (ROX). In experiment 2: microwell 1) eaey (FAM) and O113 (ROX);

microwell 2) 026 (FAM) and O111 (ROX); microwell 3) 0145 (FAM) and eaep (ROX);
microwell 4) eae® (FAM) and eaes (ROX); microwell 5) negative control (FAM) and
inhitition control (ROX).

The oligonucleotide primers and gene probes used in the GeneDisc are
described in Table 1. Primers and probes used for detecting stx/, six2, eae and ehxA were
described previously (Nielsen and Andersen 2003, Perelle et al.2004) and were evaluated in
the “VTEC Screening” GeneDisc in a recent study (Beutin et al.2009). All oligonucleotides
were purchased from Sigma-Aldrich (St. Quentin Fallavier, France). GeneDisc spotting and
manufacturing were performed by GeneSystems (Bruz, France).

In Tablc 1 the sequence of oligonucleotides Y is (C, T), S is (C, G), W is
(A, T), Ris (A, G), Mis (A, C). Kis (G, T); H is (A, T,C); and D is (G,A,T); FAM = 6-

- carboxylfluorescein; ROX = carboxy-X-rhodamine; ; probe = either FAM or ROX; BHQ =

Black Hole Quencher. * complementary strand; a: gene encoding Shiga-toxin 1; b: gene
encoding Shiga-toxin 2; ¢: gene encoding intimin; d: gene encoding cnteroharemolysin; e:
gene encoding the “putative non LEE effector ent/espL2”; f: gene encoding the “putative non
LEE effector B”; g: gene encoding the “putative non LLEE effector E”; h: gene encoding the
“putative non LEE effector F”’; I: gene encoding the “putative non LEE effector H1-2”; gene
encoding the “putative non LEE effector A”.

Bacterial strains investigated with the GeneDisc array

Strains of E. coli and other Enterobacteriaceae that were investigated for
their virulence gene content with the “virulotyping GeneDisc” were from the collection of the
National Reference Laboratory for E. coli at the Federal Institute for Risk Assessment (BfR)
in Berlin, Germany; and from the French Food Safety Agency (AFSSA) in Maisons-Alfort,
France. For evaluation we used STEC reference strains and eae-positive “Attaching and
Effacing E. coli” (AEEC) that were previously characterized for their six- and eae-genotypes
(Beutin et al. 2007, Kozub-Witkowski et al. 2008). For reference strains of EHEC O-groups
026, 0103, 0111, 0145 and 0157 we used strains previously identified by serotyping of
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their O- and H-antigens and by fliC genotyping (Beutin et al. 2004). The characteristics and
origin of EHEC reference strains H19 (026:H11), PMKS5 (0103:H2), CL37 (O111:[H8]),
CB7874 (0145:[H28]) and EDIL.933 (O157:H7) that served as reference had been described in
other publications (Beutin et al. 2004, Oswald et al. 2000, Tarr and Whittam 2002). The
reference STEC strain EDL933 (0157:H7) and EPEC strain E2348/69 (0127:H6) were used
as-positive controls for testing the complete set of nle genes ie. ent/espl? (Z4326), nleB
(Z4328), nleE (Z4329), nleF (Z6020), nleHI-2 (Z6021) and nleA (26024). Strain C600 (E.
coli K-12) was taken as a negative control for all genes investigated in this work (Beutin et al.
2007). In addition, 68 enterobacteriaceal strains (C. sakasaki, Yersinia, Escherichia,
Salmonella, Shigella, Citrobacter, Hafnia, Kebsiella, Proteus) that were characterized by
standard methods (Ewing 1986) were used for evaluation of the GeneDisc array. Except for S.
dysenteriae type 1 (stx1), the S. sonnei strain CB7888 (six1) (Beutin et al. 2007) and the
Citrobacter rodentium strain 10835 (eae), all other Enterobacteriacae isolates were negative
for six- and eae-genes. For examination, bacteria were cultured to single colonies on Luria-
Broth Plates and grown overnight at 37°C. A small aliquot of the colony corresponding to
approx. 2x10° bacteria was either DNA extracted using the InstaGene muatrix (Bio-Rad
Laboratories, Marnes La Coquette, France) or directly dissolved in 200 pl sterile water and
vortexed thoroughly. 36 pl of the resuspended bacteria or DNA extracts were tested by the

GeneDisc array.

Example 2. Results

Association of eae-types, ehxA gene and nle genes with typical and
atypical EHEC strains:

250 EHEC strains including typical EHEC (n=178), atypical EHEC (n=26),
and new emerging EHEC strains (n=46) as well as stx-negative strains belonging to the same
serotype as the EHEC strains (n=65) were investigated with the virulotyping GeneDisc array
(Tables 2, 3 and 4). All EHEC strains were tested positive for either stx/ and/ or six2 genes
giving a total concordance with data previously published (Beutin et al. 2004, Beutin et al.
2009, Fach et al. 2001, Perelle et al. 2004). Eae genes were detected in the strains belonging
to the classical EHEC groups 026, 0103, O111, 0145 and O157 as well as in emerging
EHEC type 05, 015, 045, 055, Ol118, 0121, 0123, 0165, and O172 strains. Only one
EHEC O103:H2 strain tested negative with the eae genes (Table 2).

Eae-genes were absent in all other STEC investigated including atypical

EHEC 091:H21 and O113:H21, the latter are frequently isolated from food and from human
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patients (Werber et al. 2008). Remarkably, all eae-negative STEC as well as the atypical
EHEC stains were also negative for the set of nle genes investigated in this study (Table 4).

In Table 4, the {following abbreviations are used: EHEC is
enterohaemorrhagic E. coli; STEC is Shiga toxin-producing E. coli; ETEC is enterotoxigenic
E. coli; FEC is E. coli isolated from feces of healthy children, EC is E. coli.

nle genes encoded by istands O#71 -and- OI#122 were present in typical
EHEC strains including the new emerging serotypes. One characteristic pattern of nle genes
(ent/espL2, nleB, nleE, nleF, nleHI-2 and nle4) was found in EHEC strains belonging to
serotypes O157:[H7], O111:[H8], O26:[H11], O103:H25, O118:[H16}, O121:[H19], O5:NM,
055:H7, O123:H11, O172:H25, and O165:H25 (Table 2). Among the 76 EHEC O157:[H7]
strains, six were sorbitol-fermenting (SF) O157:Hnwm, stx2 strains, these showed the same nle
pattern as the non-SF O157:[H7] strains. Two O-rough:[H7] (stx2, eae-gamma) strains,
previously identified as positive for the #/bEo;s; gene had the same nle pattern as
serologically typable O157:[H7] strains.

Another type of nle pattern was found with EHEC strains belonging to
serotypes O103:H2, O145:[H28], 045:H2, and O15:H2 strains. These were positive for all
nle-genes investigated except for OI#71 encoded genes nled and nleF (Tablc 2). Our results
indicate that typical EHEC strains are highly conserved for the distribution of nle-genes and
point to an association of eae-genoype, nle-pattern and serotype. Exceptions were rarely
observed, such as absence of the nleH1-2 gene in one of the 34 examined EHEC O26:H11
strains (Table 2). Most (93.25%) of the typical EHEC strains were positive for the plasmid
located ehxA gene encoding enterohemolysin, this marker was also present in 87% of new
emerging EHEC, 73% of the atypical EHEC and in 42,66% of the other STEC strains
investigated in this study.

Identification and characterization of Stx-negative strains resembling
EHEC for serotype and other properties:

It was previously reported that EHEC strains can lose their six-gene
spontaneously during infection and upon subculturing (Friedrich et al. 2007). We were
interested to investigate Stx-negative, eae-positive E. coli strains belonging to EHEC
associated serotypes for their similarity with EHEC strains in regard to their eae-genotypes
and their nle-genes. The results obtained with 65 strains are presented in Table 3. The
inventors could identify three six-negative O157:[H7], ten O26:[H11], one O103:[H2], three
O121:[H19], one O121:[H-], four O55:H7 and one O15:H2 strains that showed similar eae-
genotypes and nle patterns as stx-producing EHEC belonging to the same serotypes (Table 3).
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It seems likely that these strains represent remnants of EHEC strains belonging to these
serotypes that have lost their stx-genes. In contrast, a group of fourteen O157 strains with non
H7-flagellae (Hnt, H16, H2, H26, H27, H39, H45) was different from EHEC O157:H7 not
only by their H-types but also by the eae-genotypes and absence of most nle genes
investigated, except nleH1-2 and nleA.

EHEC O111:[H8] -strains “were usually positive for eage-theta-and for -all
OI#71 and OI#122 encoded nle genes. Only one of 24 strains was negative with nleF’ (Table
2). Two single stx-negative O111:HI11 strains (eae-beta) showed the same nle profile as
EHEC O111:[H8] indicating that transfer of pathogenicity islands might have occurred
between different pathogroups of E. coli. Interestingly, EPEC O111:H2 strains that cause
gastroenteritis in infants were found different from EHEC O111:[H8], by their H-type, and by
absence of OI#71 encoded nleF and nled genes (Table 3). An EPEC O111:H19 strain (eae-
eta) was even more distant from EHEC O111:[HS] since it carried none of the nle genes.

EHEC 0145:[H28] strains are characterized by possession of the complete
set of OI#122 module 2 encoded nle genes ent, nleB and nleE (Table 2). Interestingly, these
genes were absent in two stx-negative O145:{H28] strains which resemble O145:[H28] EHEC
for all other traits that were investigated (Table 3). It is possible that these strains are
remnants of EHEC O145:[H28] which have lost their stx genes and the OI#122 PAIL All
EPEC 0145 strains (0145:H34, O145:H4 and O145:Hr) differed significantly from EHEC
0145:[H28] as they do not possess any nle gene and encode other eae-genotypes.

In the group of O103:H2 strains, the rabbit EPEC strain E22 was similar to
all EHEC O103:H2 strains for the set of nle genes but differed by the eae-beta subtype as
EHEC 0103:H2 encode eae-epsilon. In contrast, the EHEC O103:H25 strain which caused an
outbreak of HUS in Norway in 2006 (Schimmer et al. 2008) was found different from the
classical EHEC O103:H2 clone by its H-type, eae-type and the set of nle genes.

We additionally investigated representatives of classical EPEC groups. The
EPEC 055:H7 strain was similar for its eae-genotype and nle-genes to EHEC O157:[H7]
strains. All nle genes investigated were also present in EPEC O127:H6, strain E2348/69.
EPEC 084:H2 harbored all nle genes except nleE. EPEC O156:H8 was negative only for the
OI#71 nleF and nled genes. EPEC O128:H2 and O113:H6 were only positive for nleH and
lacked the OI#122 module 2 associated nle genes. EPEC O55:H6 also lacked the OI#122
module 2 associated nle genes but carried nleH and nleF. In contrast EPEC O86:H40 carried
the OI#122 module 2 encoded nle genes but none of those located on OI#71 (Table 3). Some
\orther EPEC strains (0125:H6, O126:H6, 051, and O76:H51) did not possess any nle gene
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and usually encoded eae-alpha genotype. These findings pointed to significant differences
between EPEC and EHEC strains, not only for their scrotypes, but also for their LEE and non
LEE associated effectors.

Identification and characterisation of eae- and nle-negative strains.

Numerous types of STEC are isolated from animals and food but only 5% of

-these are positive for an eae-gene or belong to-the typical EHEC serogroups 026,-0103,

0111, 0145 and 0157 (Beutin et al.2007) . Some of the eae-negative STEC strains are
known to cause diarrhea in humans but are rarely involved in hemorrhagic diseases such as
HC and HUS (Beutin et al.2004, Friedrich et al.2007, Werber et al.2008). We were interested
to investigate representative strains of the eae-negative STEC types that are frequently
isolated from food (08, 091, 0100, 0113, 0146, 0128 and 0174). A total of 150 STEC
strains that were isolated from food, animals and humans as well as 29 fecal E. coli isolates
from healthy children (FEC) were investigated with the virulotyping GeneDisc. The results
are summarized in Table 4. None of the eae-negative STEC strains or of the FEC from
healthy infants was positive for any of the nle genes, pointing to a close association between
presence of the LEE and OI#122 and OI#71 encoded nle genes.

In order to examine the possible spread of the OI#122 and OI#71 encoded
nle genes to other Enterobacteriaceae we have investigated 68 strains of bacteria comprising
Escherichia, Cronobacter, Yersinia, Salmonella, Shigella, Citrobacter, Hafnia, Kebsiella and
Proteus species. Except for the two strains of S. dysenteriae type 1 (stx1), the S. sonnei strain
CB7888 (stx1) and the Citrobacter rodentium strain CB10835 (eae, nleE, nled)(data not
shown), all other Enierobacteriacae isolates were confirmed negative for the genes stx/ and/
or stx2, eae, ehxA and for the nle genes (Table 4). In summary, thesc results show that the
virulotyping array which combines the detection of the nle genes in association with the stx
and eae genotypes is a suitable tool for a rapid identification of human virulent EHEC strains
belonging to known and new emerging serotypes in samples which may contain other STEC,
EPEC, other Enterobacteriaceae and human fecal E. coli flora.

A molecular risk assessment approach for screening EHEC in complex
matrices based upon a multifaceted analysis of eae subtype and serotype:

As explained above EHEC are an important existing and emerging group of
foodborne pathogens representing a serious threat to food safety. No single genetic marker is
known whose detection indicates the presence of EHEC in a complex poly-microbial sample
(e.g. food or fecal samples) in a similar way to assays for other common microbial food

contaminants such as Salmonella spp.. Consequently, the rapid and simultaneous detection of



10

15

25

30

CA 02770275 2012-02-03

WO 2011/018762 PCT/1B2010/053631
23

several genetic markers in a multi-parametric assay is the most well-suited approach to the
rapid screening of samples as a means to perform a molecular risk assessment which in turns
allows more the resources needed to further study the suspect strain for instance by means of
serotype specific enrichment culture.

The inventors have developed a first assay set out above based upon the

~detection of a minimum complement of genes, which is indicative that a STEC strain may

also be an EHEC strain.

This assay can be further elaborated by also determining the subtype of the
cac gene present in the sample.

The inventors have established that when the szx1/2, eae genes and at least
one of the nle (ent/espL2, nleB, nleE, nleHI-2) genes is detected and when in a second step
one of the specific eae subtypes, eac-y, cae-P, cae-¢ and eae-0, are also detected; this can be
used to predict the serotype of the EHEC strain (this of course can be further verified by
detecting the presence of the gene underlying the serotype).

These correlations between eac subtype and serotype are as follows:

- EHEC O157:H7 and O145:H28 are suspected in particular when eae-y,
ent/espL.2, nleB, nleE, and nleH1-2 are detected.

- EHEC 0O103:H2 is suspected in particular when eae-¢, ent/espL2, nleB,
nleE, and nleH1-2 are detected.

- EHEC 026:H11 is suspected when eae-f3, ent/espL2, nleB, nleE, and
nleH1-2 are detected.

- EHEC O111 is H11 is suspected when eae-6, ent/espl.2, nleB, nleE, and
nleH1-2 are detected.

In a complex sample the unique presence of nle genes is not always
indicative of the presence of an EHEC in this sample. It may result for example of the
presence of EPEC or Citrobacter rodentium which have also the nle genes. In comparison the,
the simultaneous detection of the genes stx (stx1, stx2), eae (in particular subtypes v, B, € and
0) together with at least one of the nle genes (ent/espL2, nleB, nleE, nleH1-2) is a much more
clear signature of virulence and a strong signal of EHEC contamination.

The inventors have also developed a further two step process to determine
the risk presented by any E. coli spp. present in a sample and in particular to determine

whether the sample comprises an EHEC strain.
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In a first step, the presence of the stx1/2 and eae genes is determined as well
as at least one of the ent/espL2, NleB, NleE and NleH!-2. This first step can be performed
using the oligonucleotides described in Table 1 below.

This first step allows a worker to determine if the sample comprises at least

the essential genes for an EHEC strain. If one or more of these genes is not present the sample

~can be considered as presenting a fow risk and hence does not need to be studied further.

If all these genes are present, the sample does present a risk and a second
step is then performed in which at least the eae subtype (such as eae-y, eae-f, eae-¢ and eae-6)
and the presence of one or more serotype genes (such as serotypes 0157, 0103, 026, O111,
0145) is also determined.

With this combined set of data, a worker can determine whether the sample
potentially comprises an EHEC strain and hence needs to be removed from the supply chain
(in the case of a food sample) and/or retained for further study.

Based on the invention, the following multi-parametric approach allows the
reliable screening of EHEC in complex samples.

The correlations that the inventors have found are summarised below in

Tables 2 and 5.

The inventors have also tested a number of other less frequently observed
serotypes from emerging EHEC strains (in total 46 strains) and have found further
correlations between cae subtype and nle gene complement with these other serotypes, see

Tables 2 and 6.

In accordance with this aspect of the invention the inventors provide a two
step process as follows:

a) contacting the sample or DNA isolated therefrom with a pair of primers
derived from the following target genes:

-sixl;

- stx2;

- eae;

- nleB or entlesplL.2;

- rfbE (0157);

and detecting the presence or the absence of an amplification product for

each of the target genes; and if the amplification products are detected then:
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b) contacting the sample or DNA isolated therefrom with one or more pairs
of primers derived from the following target genes and/or eae subtype:

-eaey;

- eae B

- eae 0;

-gaeg;

-wbdl (O111);

- wzx (026);

- ithpl (0145);

-wzx (0103);

and detecting the presence or the absence of an amplification product for
each of the target genes.

The data from this assay can be compared with the correlations between eae
subtype and serotype, in a strain which also comprises the essential virulence genes (e.g.
stx1/2, eae and nleB or ent/espl.2) and an informed and reproducible decision can be made

about the risk that the sample poses.

The presence of EHEC- and EPEC- associated genetic markers in
strains of E. coli and association with nleB alleles

A set of E. coli strains, all characterized as stx-negative and eae-positive
were further analyzed for the presence of the genes espK and nleB and these were compared
with a number of EHEC strains which were stx-positive and eae-positive.

The nleB gene was found to be diverse and different alleles exist. The
inventors therefore selected two scts of primers and probes, identifying two different nleB
alleles which were found unequally distributed in EPEC and EHEC strains (Table 7).

Remarkably, all EIIEC strains tested positive for both nleB and nleB2
genotypes as well as for espK. Only very few EPEC strains, which differ clearly in their
serogroups from typical EHEC strains, harbor the complete set of [nleB, nleB2 and espK]
genetic markers.

The other EPEC strains which divided into several groups based upon their
nleB genotype and the presence of the espK gene were never found positive for the complete
set of [nleB, nleB2 and espK].

Interestingly, some EPEC strains lack the nleB2 gene sequence or had an

nleB2 sequence significantly different so that they were not detected with the PCR test
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specific for nleB2. Also, some EPEC strains gave a very weak signal with the nleB2 PCR test,
indicating the presence in these strains of an nleB2 gene sequence variant. (In regards to the
high Ct value generated with the PCR test described in the invention with some EPEC strains,
such strains were reported as nleB2-negative in the Table 7).

In accordance with the present invention the Ct (cycle threshold) is defined
as the number of cycles required for the fluorescent signal to cross the threshold (i.e. exceeds
background level). Ct levels are inversely proportional to the amount of target nucleic acid in
the sample (i.e. the lower the Ct level the greater the amount of target nucleic acid in the
sample and/or conversely the high Ct value generated with the PCR test described in the
invention with some EPEC strains either indicates a low amount of target DNA or an
inefficient replicative phase in the PCR reaction).

As a consequence of the above, detection of the nleB2 gene sequence was
mainly restricted to EIIEC 0157, 0145, 0103, O111, 026 and O121. Therefore the detection
of this specific sequence in a strain or in a poly-microbial sample correlates with the presence
of EHEC of the Top 5 and to a limited number of EPEC strains (see Table 7).

The detection of the nieB2 and espK gene sequences in the same E. coli
strain or in the same sample reinforces the EHEC predictive value (see Table 7). The
restriction of these two sequences in EHEC and in a very limited number of non EHEC strains
is a grcat value as part of a molecular risk assessment for EHEC strains.

The genes six!, stx2, eae, nleB and espK when detected by themselves are
not sufficient to predict the presence of EHEC in a complex poly-microbial sample (e.g. food
or fecal samples). In food samples (such as dairy products, beef) the detection of one of these
genes taken individually is not enough to suspect that a sample is contaminated by an EHEC
strain. This is because a number of foods, which are not contaminated by EHEC, carry one or
more E. coli spp that do comprise at least one of these genes, they cannot therefore be used by
themselves as a selective marker for the detection of an EHEC. However, when all these
genes are detected or associated in the same sample they can be used as a signature of
virulence as demonstrated by the data presented herein.

Also based upon the data presented in Table 7, to further enhance the
molecular risk assessment methods the detection of the eae gene can be advantageously
replaced or supplemented with the detection of the espK gene. In addition detection of the
nleB gene could be advantageously detected based on the nleB2 sequence. Both these

elaborations of the molecular risk assessment according to the present invention increase the
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level of information provided by the assessment and so allow a more robust assessment of the

risk associated with a sample to be made.



CA 02770275 2012-02-03

PCT/1B2010/053631

WO 2011/018762

28

8¥SE-615¢€ YVOLDOLYOVYOLVOLYDVIOILOLY VDLL-2q01d
Apmg sty 9£/8L0dV 609€-6LS€ IOVILIOLIDLVIVYOILV.LIOVIVVOLLLLL
68PE-FOPE LLIDDLDVIVIVLLYOVOVVIDOVDD (1110)pgmn
01p-18¢€ DOVVY.LLVVOOVOVOVYVOOVOVINIIVOOY-9901d
Apmig suyy, 62E£€914V Sep-Cly 1VOLODVYOIDOLOLYLLLOVOLYOD
LE-8FE YVOLOLDOLVOOWIVIUIVIOVOLLL  (LS10) gk
061S8TT-V9158CT OHH-2DD DLV YVD DD DL DLV VIO V.ILDLL-XOd
Apnis sty PLISO0AV 0STSYTTHLTS]TT #D DVD LVL VDD DY DLL VIO VVD 20D
7916877-8€1687T DODL VLY VVLOVLVVIDAD VVL VOV o
vSTTSTTYLTTRTT OHE-DOV OVDO DLL OLD LVY LOV LLL-X0d
Apags sy, FL1S00AV 7527827-0£TT8TT +¥O DOL VOO DOV LLD DDA D1D LVV
912787T-86TTTL DLLOD IOV LVD 1OV VYD VOV VOV Z-IH2M
807 1822-92C18CT «*OHE-D DDO DVD 12D IHV HDOD LDL-XOU
Aprys sty j, YL1S00dY 90218T7-T81182T QLLY D1D DLV 101 001 DLD D0L VLD
1€C18CC-9STI8TT +DLVDLOVLVVY VDL VYV DVD LOD VOL w1214
19TCE6$-LETTEGE OHY-D DLD DYV DDV VOO DOV JVL DYD IDV-INVA
Aprus siqy, $L15003V 1422€6$-68TTE6E #»L Y.LV DDO OLL.LLD DDD DLL
67CTE6£-L0TTEGE VO DLL LVL DOV VDL L1LD DOV VOV T2
ZSS1€6E-LTSIE6E OHY-VD ODL VHD LDV VVV VDD DOV DVD VOV-IWVA
Apms sty $£1500dY PSSIE6E-ELSTE6E +LL DLV LVD DDD DVD VIO DO
$TE1€6£-2051€6€ 1D LLLSVYV DOLIDD VVD L1LD 1VD o
118676£-£8L6T6E OHE-YI. VOO HVY V1V YOD OVD VOO LVD LOD LVV-AVd
Apms sty $L15009V 2186765-CE86T6E ¥V VOV DDD OV.L OVVY 000 L1V 1DV
18L676£-8SL6T6E VOL.LLY DDLJLLILV L1V DOLDDL  J7dsosue
£6817-8981% OHY— DO 1LOD DOV VOV DLL VVD LLL.LVD 1DD -V
Apus sy, €19%L0dV LS61P—6£61Y + D LYV 00D DOL LLL DLV DLV
S81-CE8 It VOV VDD DVY OO0 VID VOL DLD NG
(€002 996—9€6 « OHE— DV VYV OVO DDD LLV 1OV DID DL 1OV LV -XO0d
UBSIOPUY PUZ USS[AIN) 1+$11Z 0001-6L6 + VLL DDD DVL VVVY DDD DLV DD
YT6-668 V1VOLOOLOLL1ILL VDD VOL VDL LVD 202
$98 -8€8 OHE-D0L DDLOVY VOLOLD 1DV DOD VOIL DDL -V
(POOT 12 312 312 10d) $98L0X 716-L88 + OL MOV WOL YOV LD MYV DLL DVD DOD
€18-S8L D OV.LL ADD VVD MDD VOV S1D 1OV ALD LLL ey
1L6-1¥6 OHY- V VLD LY.L 101 19D HDD 1OV 01D LV LVO HLD -XOud
(F00T'12 32 9[]012d) ST99I N 8001—¢86 x DL MOV WOL YOV LD ¥V DLL OVD 200
906~8.8 DO VL1 ADD VVD MDD VOV SLO 1OV ALD LLL LI XIS
Jlaquinu aouanbas

20usJsjoy

UOISS00E JUBGUSD)  S0USNDSS UIYIM UOE0T

(.£-.5) seouanbas 2qoid pue Jounid 9519491 ‘dwud premiod

ousb 19b1e]

ISL(JAUIN) T Ul papeodxd saqoud pue sIIWLL] *JoIqe L



CA 02770275 2012-02-03

PCT/1B2010/053631

WO 2011/018762

29

(cooz 11€$T0dV $£85-658S Y VOV VOO V.LLOLL DOV VLD V0D VOL
UBSISpUY PuE USS|AIN) T085-9LLS L1 LLV DV.L 1DD ¥DL DIV DDV VVL 1OL gova

9LTT6VIT 0 DOV DLV DLL V1D DLL IV ID0 YOI LJL-2q0id

(€002 L1¥6¥vaAV 9877-01€C YV DVL DIL1OV IIL LYD 111 00D
URSISPUY PUE USS[RIN) LYCTVTTT VYD LLD VVD 100 ¥OD ¥VV OLO LVD 2209

9657-S8ST YOO VD 00D V1D DOV LLL LOV DLD LVD ¥DD-290ld

(co0c 6689114V $857-119¢ YVI DLD OVL LVD DVI VYD VVL IVD
USSISPUY PUB USS[IIN) 15$7-375T VLV OD0 VVV VOLDLLYVV 000 VLV 3202

8T1-LS1 02D 1IVV ¥V¥D DDD DLV VOO LY.L .LLL DV.L LLD-2q0id

(€002 TILELA $51-181 V1L DOLOO) LVD IDL DVD IVV 1V
USSISPUY PUE USS[OIN) £T1-86 L.LLD VDL OVY DYV DLD DOD LVL LVD gana

Y67-61€C 2D DVD 12D ¥V1 .11 DL DY 1DD ¥DL-9904d

(c00z IPSILZ $TET-05ET VV V3L ¥OL 1OV OLL LLV VOL DLL DLL
U9SIOpUY PUB USS[IIN) 1677-L9TT VDL OVD LOV OYD DOL OV.L LOL YD Aana

661€-L72€ VO DID DD DVLOVL VVD VLL VVD DVD VD0-3901d

(c00z 700009 VETE-65T€ LV 1OV DOL OVV LDO VIV VYV D1V OO0
USSISPUY PUR USS[IIN) 161€-L91€ V OVL VOV DDOD LOV DVD LVV LVD 10D gava

11ST-1PST LD D10 VIL VYV VDD VDD 1DV VOV DDL VOV V-990id

(c00z FSISSIN ¥$ST-SLLE VL OVD ODD DVD VYL IDD LVD
UISISPUY PUB USSISIN) 8VT-6SHT 0 YVYVY I0D 1V.LIDD 1VV DOV LVD 0003

9688-9.88 ¥DD DDD IDD V1V 1V DLD DD1-2q01d

Apmig sl 1711974V 07636688 V VLV OV VDD LLDOVD OLL ODO
£188-1588 DV DLLVVD OV DLY DOLLVY LOL  (S50) NSgm

L8VL-SOPL DD DHID DLV IOL OLL DID L1D D11-2q04d

Apmg sy, €TTILLAY 605L-06VL DO DDL VYV VVV DDV ODL 1OV
197L-SPPL DD OV DL HOLILD DV (Sv0) xzm

0LVP—SErY DOLLD1 2LV VVV LID VLV VLD vIOJ VIV OLL VL V.LV-2q0id

Apmg s L, 78906600 £TSH00SY 00D VOV VLV VYV DDV VDL VIV VVV
S I¥r-96EY LD IVO VOV LLLYDD VID LLLVLY  (8110) 4

6639189 D21 0DV DVV VDL DOL DDL LYV OVV DDL-2qoid

Aprs sy LE6SOTAY 9%69-¥T69 2D VIO LDV LOLDLL LLV VOD Vil
2989689 0D DOV LLD VOV LLD LDL DDL (1210) x2m

ELEP-9SEY LVLLLIDLLDLOJOV.LVD-290id

Apmg sy, F99TESAY SLEV-LOEY LY LLOV.LODIDDIVIOVVVVYV VYD
£TEP-66TH IDLYODLYVYVYDOVLLYOLODYVD  (£010) xzm

86v1-TLP1 D)1VIVVIVIVIDIVYVOVILLYIIDID9q0id

Apmg sy, 6T71E5dV FIST-00S1 LLODLYVODIODODD
80p1-€£8€1 OVOV.IOVIDVIIIIVLLLVLIYVIVOD  (S¥10) [dy!

VTLS-T69S VOLIOHVOOVILLLYLIOVIVVILYVYLLDDDDD-2901d

Apmg sy 0806254V T8LS-LSLS LLLOVVOOLOLLVLV.LLLLODDVIDY

9995-8%9¢ LLYVYVYVYDODVIDOOVOODD  (9T0) mzm



CA 02770275 2012-02-03

PCT/1IB2010/053631

WO 2011/018762

30

DOVOOVVVIVLVLVOLLLOLVVOVOLVIVVOLOVLVOVD
ODVIVILYVYVDDOVYVVILVIUED

ODLLLODLLLYLIOLVOLIOVVYLOLLY ydsy
0 DDOVIVVOVVVVVDLIVOOVYVILLODLL
D0ODLOLIDOIVLODLLLLLOD
VYVVVDIVOLLYLOIDVVDDLOLDALV.L cgapu

T08£-Ce8¢

VOL Y22 1DV D11 L1V VOL DLL DL1 DIV VI1-9904d
0¢



CA 02770275 2012-02-03

PCT/1IB2010/053631

WO 2011/018762

31

vo[u C-THeU Joqu qou gou Cldsopue ewwed - el LH:$SO
Vou ¢ IHa do[u fgou goru g1dsapus ©€13q VXU g -1:50
vau N-E@,E - goru goqu C1dsepus  ewrures VXy2 el 8TH:SK10
- C-IHeMu - gou goru C1dsopue  ewwed LASE 2ol 1 [8THI:SP1O
vou - - goqu goru ¢1dsapus €19q LAUE ol 11H:9ZO
voru C-1Hu - qoru goru 71dsajpue ®l2q - el [11H]:9z0
Vou - 1HR - Hoqu g ¢1dsapus e12q LALE el [11H]:9T0
Vou C-1HAM Jou qoru goru ¢1dsapus e)Rq - oL [11H]:920
Vou C-1HAm doru qoru gou ¢'1dsopus e1Rq VX2 sqell [11H]:970
veoru C-THeu - Hou goru C1dsopud 121} - ol SH:1110
Vo C-THeU dou gou gequ ¢Tdso/uo 2)o) - ol SH:I110
volu T-THoM Joru Hou goqu 71dsopus 21y} VXY ol [-HI'TTITO
voru T-THOMU Jequ qoru goru g1dsopuoe 2)oY) VXU2 200C [8HITTTO
- T-THRMU - qoqu gequ 71dsopue - VX2 I [zH]: €010
- T-THAMU - qou goru 71dsopus  uofisde - 22l TH:€010
- ¢-1HA - qomu gou  gydsopue  uopsde VX2 »qET THIE010
- C-IHIU - ga1u gopu  gdsopue ewiwesd VXD eC [LH]:LSTO
Vo[u Z-1HR[u - U qou 7 1dsapua pwrureg VX2 229 [LHI:LSTO
Volu ¢-THeJu AU Heu doJu ngmu\aco epUInIRs YXU3 onﬁwwo * T.Hi 510
‘LHLSTIO
Paisal
paju Z-TH2ZIN AU Faqu gopu ZTdsa/iud oa yXxya quny ad£1010g

sure.a)s )E Ut Sauad aju pue ana 3y jo surdyonarp "z dqe ],



CA 02770275 2012-02-03

PCT/1IB2010/053631

WO 2011/018762

32

"SATR[OST JUSUILIOIIAUD / [BWIUY : | (SSIB[OST POOS] :, ‘S3IEOSI

[eOTUI) :, 'Souad ¢/ 10 217/ Yy jo BurdLiouad :[ ] -ousd 571057qfs oy 10§ aamnsod [/ H]ys8no1-Q arem g pue AN:LSTO JS 219M 353] JO XIS 4

Volu

Vel
VoIu
Vol
Vo[u
Volu
Volu

C-1H9U
T IHeMU
T-THOU
Z-TH9U
- THRIu
C-1HMU
C-TH9u
T-THAU
T-1HAU

Joru

J°1U
Aolu
3U
d9[u
HoU
J9[U

qoru
goru
Hou
o1
91U
E
q9u
oMU
el

goru
qou
gequ
qeu
gou
gequ
gou
goqu
gqoru

7 1ds9pu2
7 Tdsaqun
71ds21u9
Z1ds91u0
71dseuo
71dso/pud
Z1dsopud
71dsapu2
Z1dsous

B}
2)0q
uoqisdo
uoqisdo
©19q
uojrsda
kY]
212q

uofisda

VXU9

VXUo
VXY
VXyo
VXU

VXU
VXUD

el
el
el
el
el
e
eC
201
el

STH:E010
THS10
[sTHEZL1O
STHIS910
[TH:€ZIO
6TH: 1210
9TH:8110
9TH:8110
THSHO



CA 02770275 2012-02-03

PCT/1IB2010/053631

WO 2011/018762

33

Voru C-THAU - - - - uoyisde - S 9IH:LSTO
Voru T-1HAMU - - - - ©1oq - [ [INHI:LS10
Veoru T-1HAu - qo1u goqu gldsepus  ewuIed VXU z [LH]:LSTO
Vou {-1HoM gou Horu goru rldsopus  ewwed VX2 s LH:LSTO
Voru C-THoM Aou - - - - - I [11H]:9zO
yo[u T-1HAu A9[u - - - ©12q - I [11H]:9zO
yaju T-1HU - o goqu g1dsapus ©19q VXy2 I [11H]:9z0
Voru T-1HAW Jdoju gel goqu gTdsopud ©12q VX2 z 11H:920
Va[u z-1119[u Jopu o goru ¢Tdsopue 819q - L [11H]:920
- - - - - - 8101 - I IH: $%10
- - - - - - 101 - I vH: S¥10
- - - - - - ey} - I YEH: S¥10
- T 1He - - - - eurwes VXU9 C [8zHI:S10
yaru T-1HAU Jdoru deru goqu z1dsanue €1y - I [sZHI:TTT1O
- - - - - - ©)0 - C 61H:T110
- z-1Ha[u - Hopu garu ¢1dsanue ©12q - I WNCITTIO
- Z-1HA[U - qoqu gou 71dsa/u2 ©12q - z [cHlTT1O
yoru C-THeu do[u qoru oy g1dsopue ©12q VX2 4 [THI110
- z-1HALU - Horu goru ¢'1dsopue e1oq - x1 TH:€010
- Z-1HAMU - qoqu goru g1dsopuo  uojisda VX2 I CH€010
yaju Z-TH?IN Adu Joju gapu ZTdsa/ua ovas pxiyo Pa1sa1 JoquInN ad£10199

SUILI)S JABZIU-XIS Ul SAUIS 271 puk ava 3Y) Jo SUdAIo[NIIA € d[qe],



CA 02770275 2012-02-03

PCT/IB2010/053631

WO 2011/018762

34

'69/81CTH HIRAS D JH 9UI3JIY -

sesex 88BEYDDLY UIBNS OURJAY 44 TTH UTRAS DH(TY USSR -4

- - - - - - euwes - I ISH'9LO
- - - - - - eyde - I 150
- - - - - - eyde - I 9H:9T10
- - - - - - eyde - I 9H:SZ10
- - - qoru gou 71dso/u0 ©1o1) - I 0¥H:980
Vou C-1HOU dou - gou ¢1dsapuo €102 AALE I TH:#80
- Z-TH2u - goru go[u 71dssus BUIWERS - I SH:9S10
Vo[u T-IHAU Joqu gou gou C1dsa/u0 eydye - | 9H:LT10
- C-IHoMU - - - - 2199 - I 9H:CI10
- T-1HO[u - - - - 215q - 1 THISTIO
- C-1HAMU Jdoru - - - €101 - I 9H:$SO
Vo C-IHo[u Jequ Hou goru T1dsapue - VXU I 61H:1210
Vou C-1HoMU Joru gou gou ¢1dsepus wofisda VX2 € 6IH:IZIO
Voru C-1Hu doTu qoru goru ¢ldsepue  uofisde - 1 [-Hl:1T10
you C-IHau Joru qou goqu g1dsopus  eunued - t LHSSO
- C-LHou - Hou gou ¢'1dsopuo ©13q - I CHSTO
- T-1HoMU Ao1u - - - eydre - l SYHILSIO
Vo T-1HOU AU - - - eydre - z SYHLSTO
Voru - - go1u - - eddey VXyo 1 6EH:LSTO
vou - - gou - - olqedfl-uON  VXU9 I LTH:LSTO
veu Z-THou - - - - £)2q - Z 9TH:LSTO
Vou Z-THA[U - - - - ne) - I TH:LS1O



CA 02770275 2012-02-03

WO 2011/018762 PCT/1IB2010/053631
35

Table 4. Strains tested negative for the eae and nle genes.

Serotype Nunmber E. coli /others ehx4
tested
0O91:H21 11 Atypical EHEC ehxA
091:H21 4 Atypical EHEC -
O113:H21 8 Atypical EHEC ehxA
0O113:H21 3 Atypical EHEC -
O100:NM 5 STEC -
O105:H18 2 STEC ehxA
0109:H- 1 STEC ehxA
0110 2 STEC -
O111:H10 1 STEC -
O113:H4 10 STEC ehxA
O113:H4 2 STEC -
O115:H18 1 STEC ehxA
O116:H28 1 STEC ehxA
0117 2 STEC -
O118:H12 3 STEC -
0125 1 STEC ehx A
0126:H8 1 STEC -
0128:H2 1 STEC ehxA
0136 3 STEC -
0138 1 STEC -
0139:H1 1 STEC -
O139:ND 1 STEC -
O141:[H4] 1 STEC -
O141:H2 1 STEC -
Ol4lac 1 STEC -
0145 1 STEC -
0146:H28 1 STEC ehxA
0146:H28 4 STEC -
0146:H8 1 STEC -
0147 1 STEC -
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0149:[H19]
0O15:H16
0168:H8
O171:H2
0174:H-
~0174:H2
0174:H21
0174:H8
0174:H8
O178:H19
02:H27
O21:NM
021:H21
0O22:H16
0O22:H16
022:H8
022:H8
022:Hr
023:H15
03
O30:H12
039:H48
040:H21
041:H7
046:H38
048
05
053
055:H19
06
06:H10
06:H4
060
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I STEC
1 STEC
1 STEC
1 STEC
1 STEC
5 STEC
9 STEC
1 STEC
1 STEC
2 STEC
1 STEC
2 STEC
4 STEC
2 STEC
2 STEC
2 STEC
2 STEC
1 STEC
1 STEC
2 STEC
1 STEC
1 STEC
1 STEC
1 STEC
2 STEC
2 STEC
1 STEC
2 STEC
1 STEC
8 STEC
1 STEC
1 STEC
1 STEC

PCT/1IB2010/053631

ehx A
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074:H42 1 STEC ehxA
0O75:H8 1 STEC ehxA
076 1 STEC ehxA
076:H19 1 STEC chxA
076:H19 1 STEC -
~O77 2 STEC chxA
079 1 STEC chxA
079:H48 1 STEC ehx A
0O8:H8 2 STEC -
O8:H19 4 STEC -
O8:H19 1 STEC ehxA
O88:H25 1 STEC -
088 1 STEC ehxA
091 1 STEC ehxA
091 5 STEC i
0O91:H9 1 STEC ehxA
091:H10 3 STEC -
096:H19 1 STEC ehxA
Or:H12 1 STEC -
Or 2 STEC -
Ox7:H16 1 STEC -
Or:H16 1 STEC ehxA
Or:H4 1 STEC -
026:H32 1 ETEC -
O1:K1:NM 1 FEC -
O11:NM 1 FEC -
O121:H10 2 FEC -
O125:H30 1 FEC -
0127 1 FEC -
O15:H1 1 FEC -
016:K1:NM 1 FEC -
O17:H18 1 FEC -
O18:K1:H7 1 FEC -
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O2:Hl1 1 FEC -
02:H6 1 FEC -
02:K1:H7 1 FEC -
02:NM 1 FEC -
021:H21 1 FEC -
025 K5 1 FEC -
04:H5 4 FEC -
045:K1:H1 1 FEC -
046:K1:H31 1 FEC -
06: K+ NM 1 FEC -
07:K1:NM 1 FEC -
075 K5:NM 1 FEC -
078:NM 1 FEC -
083:K1:H33 1 FEC -
086 1 FEC -
Or:NM 1 FEC -
0103:H8 1 EC -
Ol111:H8 1 EC -
O111:H10 1 EC -
O111:H12 1 EC -
O111:H21 1 EC -
O113:NM 1 EC -
0121:[H45] 1 EC -
0132:H18 1 EC -
0142 2 EC -
0145 2 EC -
0145:H2 1 EC -
O153:H12 1 EC -
0157,0157:[H7 neg] 12 EC -
O157:1110 1 EC -
0157:H12 1 EC -
O157:H15 1 EC -
O157:H16 1 EC -
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O157:H19 1 EC -
0O157:H25 1 EC -
0157:H42 1 EC -
0157:H43 1 EC -

O2:H1 1 EC -
~026:H21 1 EC -
055:H19 1 EC -
06:H4 1 EC -
062:H30 2 EC -
Onr:H7 1 EC -
Ont 1 EC -
N/A 7 Salmonella sp. -
N/A 1 Yersinia -
N/A 3 Klebsiella -
N/A 4 Proteus -
N/A 1 Cirrobacter -
N/A 3 Hafnia -
N/A 2 Shigella -

N/A 1 C.sakasaki -
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Table 5. Percentage of EHEC Strains with specified nle gene complement and eae

subtype for common EHEC serotypes.

Serotype % of eae | ent/esp? | nleB nleE nleF | nleHI-2 | nleA
P
(N’ strains strains
tested) tested
O157:H7 89% Y ent/esp? | nleB nlek nleF | mleHI-2 | nled
(76)
8% Y ent/esp? | nleB nleE nleHI-2 nled
3% % ent/esp2 | nleB nlek nleHI-2
0103:H2 92% £ ent/esp? | nleB niel nleHI-2
(25)
8% € ent/esp? | nleB nlek nleHI-2
O111:H8/H- 92% 0 ent/esp? nleB nlekE nleF nleHI-2 nleA
(24)
4% 0 ent/esp? | nleB nleE nleF | nleHI-2 | nleAd
4% 0 ent/esp2 | nleB nleE nleHI-2 nled
026:H11 62% B ent/esp2 | nleB nleE nleF nleHI-2 nled
(34)
20% B ent/esp2 | nleB nleE nleF | nleHl-2 nled
12% B ent/esp2 | nleB nleE nleH1-2 | nled
3% B ent/esp2 | nleB nleE nleHI-2
3% B ent/esp2 | nleB nleE nleA
0O145:H28 94% Y ent/esp2 | nleB nleE nleHI-2
(18)
6% ¥ ent/esp? | nleB nleE nleHI-2 nled
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Table 6. nle gene complement and eae subtype for uncommon EHEC serotypes.

Serotype eae | ent/esp2? | nleB nleE nleF | nleHI-2 | nleA

0O5:H- B ent/esp2 | nleB nlekl nleF | nleHI-2 nled
055:H7 Y ent/esp? | wnleB nleE nleHI-2 nled
045:H2 s ent/esp2.| . nleB nleE nleHl1-2

O118:H16 B ent/esp? | nleB nleE nlelt' | nleHl-2 nled

O118:Hl16 B ent/esp? | nleB nleE nleF | nledl-2 nleA

O121:H19 € ent/esp2 | nleB nlek nleF | nleHl-2 nled

O123:H11 B ent/esp2 | nleB nleE nieF | nleHI-2 nleA

0165:H25 £ ent/esp2 | nleB nlek nieF | nleHl-2 nleA

O172:H25 € ent/esp2 | nleB nleE nleF | nleHlI-2 nleA

0O15:H2 B ent/esp2 | nleB nlek nleHI-2

0O103:H25 0 ent/esp? | nleB nleE nlel nleHI-2 nleA
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Table 7: Presence of EHEC- and EPEC- associated genetic markers in

E. coli strains and association with n/eB alleles

' stx

eae

espk

nleB

nleB2*

Typical
EHEC

C103:H2/ H-{iv=14) |

0145:H28 | H- (n=12)
0111:H8 / H- (n=14)
0157:H7 / H- (n=50)
026:H11 / H- (n=30)
0121:H19 / H- (n=6)

+ O+ O+ o+ H o+

i

.

EPEC

0100:H- (n=1)
0111:H11 (n=2)
0117:H25 (n=1)
0119:H8 (n=2)
O119:H25 | H- (n=2)
0227:H7 (n=1)
076:H41 (n=1)
076:H7 (n=4)
080:H- (n=3)
084:H- (n=1)
Ont:H2 (n=2)

+ o+ o+ o+ o+ JEHF o+ o+

+ o+ o+

+

o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+ o+ JECESE o+

+ F o+ | * o+

+ o+ o+ o+ 4+

+

Typical
EPEC

0103:H2 (n=1)
0114:H2 (nh=10)
0119:H2 (n=1)
0128:H- (n=1)
Ont:H2 (n=1)

+ o+ o+

+

+ o+ + o+ |+

4

T

+

EPEC

0111:H19 (n=3)
0111:H9 (n=3)
0115:H38 (n=1)
0119:H9 (n=1)
0145:H1 (n=1)
0145:H19 (n=1)
0145:H28 (n=2)
0157:H26 (n=1)
028:H28 (n=3)
049:H35/H10 (n=1)
Ont:H26 (n=1)
Ont:NM (n=1)

+

+ + +

+

+ + + + o+ + + 4

EPEC

0100:H25 (n=1)
01097?:H25 (n=1)
0111:H25 (n=1)

+ o+ |+

+
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0117:H40b (n=3)
0118:H8a (n=3)
0119:H25 (n=1)
0127 (n=4)
0127:H40 (n=3)
0127:H8 (n=1)
0128:H2 (n=1)
0128:H8 (n=1)
015:H11 (n=1)
015:H2 (n=2)
0153:H14 (n=1)
0156:H8 (n=1)
02:H40b (n=1)
02:H8 (n=1)
02:H- (n=2)
021:H25 (n=1)
026:H11 / H- (n=5)
03:H40b (n=1)
03:H5 (n=1)
03:H8a (n=3)
045:H7 (n=1)
055 (n=2)
055:H7 (n=15)
066:H8a (n=1)
070:H11 (n=5)
071:H40b (n=1)
076:H7 (n=1)
086:H11 (n=2)
ONT:H21 (n=4)
Orough/H40b (n=2)
Orough:H8a (n=1)
OX177:H11 (n=2)
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+ o+ + 4+ 4+ + 4+ + + o+ O+ O+ o+ o+ o+ o+

+

+ o+ + + o+ o+ 4+

+

+

PCT/1IB2010/053631

+ + + + + + + 4+ 4+ + + 4+ 4+ 4+ + F 4+ +F + + + + 4+ + + + + + + o+ o+
+ 4+ + + + + + + + + 4+ 4+ F + + + + + + + + + + o+t + + + 4+ + + A+

+

Typical
EPEC

0111:H2 (n=17)
O111:H25 (n=1)
O0119:H2 (n=2)
0126:H27 (n=1)
0127:H6 (n=1)
0128:H2 (n=1)
055:H6 (n=5)
0119s:H2 (n=1)
0142:H6 (n=3)
Orough:H7

+ o+ o+ o+ o+ o+ e+ o+

+

+ + + o+ 4+ o+ o+ + o+ |+
1

=+
1

EPEC

0102:H19 (n=1)
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0103:H2 (n=1) -
0108:H9 (n=6) -
0111:H2 (n=1) -
0113:H6 (n=1) -
0114:H49 (n=5) -
0115:H38 (n=2) -
0118:H5 (n=1) -
0119:H6 (n=4) -
O119:NT (n=1) -
0123/04:H45 (n=2) -
0123:H25 (n=1) -
O125ac:Hé (n=6) -
0126:H27 (n=1) -
0127:H19 (n=1) -
0127:H21 {n=1) -
0128:H2 (n=10) -
0142:H34 (n=1) -
0145:H34 (n=5) -
0150:H8 (n=1) -
0157 (n=2) -
0157:H16 (n=4) -
0157:H45 (n=1) -
0168:H-/? (n=1) -
0177:H26 (n=1) -
026:H11 (n=1) -
028:H28 -
04:H16 (n=1) -
045:H9 (n=1) -
049:H10 / H- (n=2) -
O5:H- (n=1) -
O5:H11 (n=1) -
051:H49 (n=3) -
055 (n=1) -
055:H37 (n=1) -
055:H7 (n=1) -
062:H9 (n=1) - + - - -
063:H-/H6 (n=2) - + - - -
065:H-/H25 (n=1) - + - - -
069:H2 (n=1) - + - - -
069:H16 (n=2) -
070/086:H2 (n=1) -
086 (n=2) -
086:H34 (n=2) -

N T T T S S A O S R S S
1
]
1

+ o+ o+
1
i
1

+ 0+ 4+ o+ o+ + o+ o+ o+ o+
1} ) 1 1
1 1 ) 1
1 ] 1 1

+ o+ o+
1
1
1

+ + o+
1
1
]

+
'

1
1

+
1
t
I

+
1
1
1

+ +
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086:H8 (n=4) -
086:NT (n=1) -
088:H8a (n=1) -
09/025:H10 (n=1) -
OKB8:H10 (n=1) -
Ont:H11 (n=1) -
Ont:H14 (n=1) -
Ont:H2 (n=3) -
Ont:H24 (n=1) -
Ont:H40b (n=1) -
Ont:H6 (n=1) -
Ont:H7 (n=1) -
Ont:Hrough (n=1) -
Ont:H- (n=1) -
Orough:H10 (n=1) -
Orough:H6 (n=1) -
Orough:H9 (n=1) -
OX177:H6 (n=1) - + - - -

R T T T S S S S A . T T
1 1
1 1
¥ 1

+

*; » means PCR negative or’high Ctvalues obtained with the nleB2 primers set.
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Claims

1. A process to perform a molecular risk assessment (MRA) upon a sample suspected to
contain an enterohemorrhagic Escherichia coli, comprising the steps:
a) contacting said sample or DNA isolated therefrom with a pair of primers targeting
the following target genes:
-stxl;
- stx2;
and at least one of the following target genes:
- espK and eae; or
- espk;
and with a pair of primers targeting at least one of the following target genes:
- nleB,;
-nleH1-2;
- nlek;
- entlespL2;
and detecting the presence or the absence of an amplification product for each of
said target genes, wherein if one or more of these genes is absent, said sample can be
considered as presenting a low risk of containing an enterohemorrhagic Escherichia
coli, and if all these genes are present, the sample can be considered as presenting a
high risk of containing an enterohemorrhagic Escherichia coli; and if the
amplification products for each of said genes from step a) are detected then:
b) contacting said sample or DNA isolated therefrom with one or more pairs of primers
targeting genes eae y; eae B; eae 8; eae € and determining the eae subtype, wherein
the subtypes of eae detected are selected from the group consisting of eae y; eae B;

eae 0; and eae €.
2. The process according to claim 1, wherein said process also involves:

contacting said sample or DNA isolated therefrom with one or more pairs of primers

targeting the target genes rfbE (O157), wbdl (O111); wzx (026); ihpl (0145); or wzx (0103);
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and detecting the presence or the absence of an amplification product for each of said
target genes, wherein if one or more of these genes is present, said sample can be considered as
presenting a high risk of containing at least an enterohemorrhagic Escherichia coli from a

serogroup which is: O157:[H7], O111:[H8], O26:[H11], O145:[H28], or O103:[H2].

3. The process according to claim | or 2, comprising the steps:

a) contacting the sample or DNA isolated therefrom with a pair of primers targeting the
following target genes:
- stxl;
- stx2;
- eae;
- espk;
- nleB or ent/espL2;
- rfbE (0O157);
and detecting the presence or the absence of an amplification product for each of the
target genes, wherein if one or more of these genes is absent, said sample can be
considered as presenting a low risk of containing an enterohemorrhagic Escherichia
coli, and if all these genes are present, the sample can be considered as presenting a
high risk of containing an enterohemorrhagic Escherichia coli ; and if the
amplification products for each of said genes are detected then:

b) contacting the sample or DNA isolated therefrom with one or more pairs of primers
targeting the following target genes and eae subtypes:
- eae v,
- eae [3;
- eae 9,
- eae g,
-wbdl (O111);
- wzx (026);
- ihpl (0145);
- wzx (0103);

CA 2770275 2019-03-05
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and detecting the presence or the absence of an amplification product for each of the

target genes.

4. A process to perform a molecular risk assessment upon a sample suspected to contain an
enterohemorrhagic Escherichia coli , comprising the steps:

contacting said sample or DNA isolated therefrom with at least a pair of primers targeting
the following target genes:

-stxl;

- 8ix2;
and at least one of the following target genes:

- espK and eae; or

- espK;
wherein said process is characterised in that it also comprises contacting said sample or DNA
isolated therefrom with a pair of primers targeting at least one of the following target genes:

- nleB;

-nleHI-2;

- nlekE;

- entlesplL2;

and detecting the presence or the absence of an amplification product for each of said
target genes, wherein if one or more of these genes is absent, said sample can be considered as
presenting a low risk of containing an enterohemorrhagic Escherichia coli, and if all these genes
are present, the sample can be considered as presenting a high risk of containing an

enterohemorrhagic Escherichia coli.

5. The process according to claim 4, further comprising contacting said sample or DNA
isolated therefrom with a pair of primers targeting at least one of the following target genes:
- ehxA;
- nleF;
- nleA;
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wherein if one or more of these genes is absent, said sample can be considered as presenting a
low risk of containing an enterohemorrhagic Escherichia coli, and if all these genes are present,
the sample can be considered as presenting a high risk of containing an enterohemorrhagic

Escherichia coli.

6. The process according to any one of claims | to 4, wherein:

- the pair of primers targeting stx/ comprises at least one primer defined by
SEQ ID NO: 1 or 2, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting stx2 comprises at least one primer defined by
SEQ ID NO: 4 or 5, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting eae comprises at least one primer defined by
SEQ ID NO: 7 or 8, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting espK comprises at least one primer defined by
SEQ ID NO: 82 or 83, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting nleB comprises at least one primer defined by
SEQ ID NO: 16, 17, 79, or 80, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting nleH1-2 comprises at least one primer defined by
SEQ ID NO: 25 or 26, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting nleE comprises at least one primer defined by
SEQ ID NO: 19 or 20, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting ent/espL2 comprises at least one primer defined by
SEQ ID NO: 13 or 14, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting ehxA comprises at least one primer defined by
SEQ ID NO: 10 or 11, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting nleF’ comprises at least one primer defined by
SEQ ID NO: 22 or 23, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting nle4 comprises at least one primer defined by
SEQ ID NO: 28 or 29, or a fragment of at least fifteen nucleotides thereof;

- the pair of primers targeting eae y comprises at least one primer defined by

SEQ ID NO: 52 or 53, or a fragment of at least fiftcen nucleotides thereof;
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the pair of primers targeting eae § comprises at least one primer defined by

SEQ ID NO: 49 or 50, or a fragment of at least fifteen nucleotides thereof;

the pair of primers targeting eae 6 comprises at least one primer defined by

SEQ ID NO: 64 or 65, or a fragment of at least fifteen nucleotides thereof;,

the pair of primers targeting eae € comprises at least one primer defined by

SEQ ID NO: 58 or 59, or a fragment of at least fifteen nucleotides thereof;

the pair of primers targeting /bE (O157) comprises at least one primer defined by
SEQ ID NO: 31 or 32, or a fragment of at least fifteen nucleotides thereof;

the pair of primers targeting wbdl (O111) comprises at least one primer defined by
SEQ ID NO: 34 or 35, or a fragment of at least fifteen nucleotides thereof;

the pair of primers targeting wzw (026) comprises at least one primer defined by
SEQ ID NO: 37 or 38, or a fragment of at least fiftcen nucleotides thereof;

the pair of primers targeting /Apl (O145) comprises at least one primer defined by
SEQ ID NO: 40 or 41, or a fragment of at least fifteen nucleotides thereof;

the pair of primers targeting wzx (O103) comprises at least one primer defined by

SEQ ID NO: 43 or 44, or a fragment of at least fifteen nucleotides thereof.

a degenerate probe defined by the following sequence for each target gene:

stxl, SEQ ID NO: 3, or a fragment of at least fifteen nucleotides thereof;

stx2, SEQ ID NO: 6, or a fragment of at least fifteen nucleotides thereof;

eae, SEQ ID NO: 9, or a fragment of at least fifteen nucleotides thereof;

espK, SEQ ID NO: 84, or a fragment of at least fifteen nucleotides thereof;
ehxA, SEQ ID NO: 12, or a fragment of at least fifteen nucleotides thereof;
nleF, SEQ 1D NO: 24, or a fragment of at least fifteen nucleotides thereof;
nleB, SEQ ID NO: 18 or 81, or a fragment of at least fifteen nucleotides thereof;
nleH1-2, SEQ ID NO: 27, or a fragment of at least fifteen nucleotides thereof;
nleE, SEQ ID NO: 21, or a fragment of at least fifteen nucleotides thereof;
nled, SEQ ID NO: 30, or a fragment of at least fifteen nucleotides thereof;,
entlespL2, SEQ ID NO: 15, or a fragment of at least fifteen nucleotides thereof;
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- eaey SEQ ID NO: 54, or a fragment of at least fifteen nucleotides thereof;

- eae B SEQID NO: 51, or a fragment of at least fifteen nucleotides thereof;

- eae® SEQ ID NO: 66, or a fragment of at least fifteen nucleotides thereof;

- eae € SEQ ID NO: 60, or a fragment of at least fifteen nucleotides thereof;

- rfbE (0157) SEQ ID NO: 33, or a fragment of at least fifteen nucleotides thereof;
- whdl (O111)SEQ ID NO: 36, or a fragment of at least fifteen nucleotides thereof;
- wzw (026) SEQ ID NO: 39, or a fragment of at least fifteen nucleotides thereof;

- Ihpl (0145) SEQ ID NO: 42, or a fragment of at least fifteen nucleotides thereof;
- wzx (0103) SEQ ID NO: 45, or a fragment of at least fifteen nucleotides thereof.

8. The process according to any one of claims 1 to 7, further comprising performing a
negative PCR control and/or an inhibition control; and detecting the presence or the absence of

an amplification product from said reactions.

9. The process according to claim 7, wherein said probes are labelled with at least one

fluorescent label.

10.  The process according to any one of claims 1 to 9, wherein said process comprises a

multiplex amplification reaction.

11.  The process according to any one of claims 1 to 9, wherein said process comprises a

scries of independent amplification reactions.

12. The process according to any one of claims 1 to 9, wherein amplification reactions are

performed on a macroarray.

13.  The process according to any one of claims 1 to 12, wherein said amplification reactions

are real time PCR reactions.

14, AKit for the detection of enterohemorrhagic Escherichia coli strains, comprising:
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a pair of primers targeting stx/ comprising at least one primer defined by
SEQ ID NO: 1 or 2, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting stx2 comprising at least one primer defined by
SEQ ID NO: 4 or 5, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting eae comprising at least one primer defined by
SEQ ID NO: 7 or 8, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting espK comprising at least one primer defined by
SEQ ID NO: 82 or 83, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting nleB comprising at least one primer defined by

SEQ ID NO: 16, 17, 79, or 80 or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting nleH1-2 comprising at least one primer defined by

SEQ ID NO: 25 or 26, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting nleE comprising at least one primer defined by

SEQ ID NO: 19 or 20, or a fragment of at least fifteen nucleotides thereof;

a pair of primers targeting ent/espL2 comprising at least one primer defined by

SEQ ID NO: 13 or 14, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting eix4 comprising at least one primer defined by
SEQ ID NO: 10 or 11, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting nlel’ comprising at least one primer defined by

SEQ ID NO: 22 or 23, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting nle4 comprising at least one primer defined by

SEQ ID NO: 28 or 29, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting eae y comprising at least one primer defined by
SEQ ID NO: 52 or 53, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting eae 3 comprising at least one primer defined by
SEQ ID NO: 49 or 50, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting eae 8 comprising at least one primer defined by
SEQ ID NO: 64 or 65, or a fragment of at least fifteen nucleotides thereof;
a pair of primers targeting eae € comprising at least one primer defined by

SEQ ID NO: 58 or 59, or a fragment of at least fifteen nucleotides thereof;
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- a pair of primers targeting rfbE (O157) comprising at least one primer defined by
SEQ ID NO: 31 or 32, or a fragment of at least fifteen nucleotides thereof:

- a pair of primers targeting wbdl (O111) comprising at least one primer defined by
SEQ ID NO: 34 or 35, or a fragment of at least fifteen nucleotides thereof:

- a pair of primers targeting wzw (026) comprising at least one primer defined by
SEQ ID NO: 37 or 38, or a fragment of at least fifteen nucleotides thereof;,

- apair of primers targeting IhpI (O145) comprising at least one primer defined by
SEQ ID NO: 40 or 41, or a fragment of at least fifteen nucleotides thereof; and

- a pair of primers targeting wzx (O103) comprising at least one primer defined by

SEQ ID NO: 43 or 44, or a fragment of at least fifteen nucleotides thereof.
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