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General Introduction and Scope of the Thesis
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Chapter 1

GENERAL INTRODUCTION
Escherichia coli (E. coli)
Escherichia coli is a facultative anaerobic, gram-negative rod that lives in the intestinal tract of
human and animals. E. coli was first described by the German-Austrian pediatrician Theodor
Escherich in 1885, as Bacterium coli commune, which he isolated from the feces of new-born (1). E.
coli typically colonizes the gastrointestinal tract of human infants within a few hours after birth. The
bacterium is ingested with foods or water or obtained directly from other individuals handling the
infant and can adhere to the mucus overlying the large intestine (2, 3).
The relationship between E. coli and the host can be defined as commensalism, as the
normal E. coli microbiota provides some benefits to its host by preventing colonization of other
pathogens through the production of bacteriocins and several other mechanisms (4). However, in
specific situations, for example, when E. coli colonizes other organs and tissues, or when the host
immune system has been suppressed by drug treatment or by other illnesses, E. coli can become an
opportunistic pathogen and cause infection. Highly-adapted E. coli strains are capable of causing a
variety of different intestinal and extraintestinal, sometimes life-threatening diseases with diarrhea
and urinary tract infection being the most common ones (3). Recent genome analyses indicated that
acquisition and loss of genes has contributed to the emergence of pathogroups in E. coli (5, 6).

Diarrheagenic E. coli
The most common group of pathogenic E. coli is the group of Diarrheagenic E. coli (DEC) referring to
the strains that can cause diarrhea or other gastrointestinal diseases. Based on their specific
virulence factors and phenotypic traits they can be divided into six main categories (3) (Table1).

Shiga toxin-producing E. coli (STEC)
Overview
STEC refers to those strains of E. coli that produce at least one member of a potent cytotoxin family
called Shiga toxin (Stx). STEC is one of the major food-borne pathogens associated with outbreaks
and sporadic cases of diarrhea and severe diseases, including hemorrhagic colitis (HC) and hemolytic
uremic syndrome (HUS) in human (7, 16). Enterohemorrhagic E. coli (EHEC), a subpopulation of STEC,
can cause bloody diarrhea and some even hemolytic uremic syndrome (HUS) and these are known as
HUS-associated E. coli or HUSEC (17). Karmali and colleagues first identified STEC as the infectious
agent responsible for HUS after correlating E. coli infection in patients with diarrhea and HUS with
the presence of the toxin (16, 18). Treatment of STEC infection is mainly restricted to supportive care
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including balancing fluid level and electrolytes, and monitoring the possible development of
microangiopathic complications, such as HUS (19). Antibiotic therapy is considered to be not
beneficial as several antibiotics have been observed to induce the expression and release of Stx (20,
21).

Epidemiology of STEC infection
STEC emerged as human pathogens for the first time in the USA in the early 1980s during large-scale
outbreaks of HC and HUS caused by shigatoxigenic, non-sorbitol fermenting (NSF) strains of E. coli
O157:H7 (22-24). Ever since, strains of NSF E. coli O157:H7 have been epidemiologically,
microbiologically and clinically important worldwide. In addition, a new lineage, a sorbitol fermenting
(SF), non-motile O157:NM, was identified as the cause of outbreaks of HUS in Germany in 1988 (25,
26). Currently, over 450 O:H serotypes of human and non-human origin have been detected among
STEC (27). Besides O157, serotypes O26, O45, O103, O111, O121, and O145 have been involved in
outbreaks and severe illness, and are considered as the “top (or big) six STEC” (28).
Ruminants and primarily cattle are the most important natural reservoir of STEC. STEC is usually not
pathogenic for cattle, although some serogroups can cause diarrhea in calves (29). STEC can be found
in many other reservoirs, e.g. water, soil, meat, fruit and vegetable products that are contaminated
with ruminants’ fecal material. Furthermore, person to person transmission is a well-documented
phenomenon during outbreaks and is probably also a reason for a significant portion of sporadic
cases (30).
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Table 1. Charateristics of six Diarrheagenic E. coli groups
Diarrheagenic E. coli
Groups
Enterotoxigenic E.
coli (ETEC)

Type of diarrhea

Major virulence factors

Other specifications

Reference

Acute, self-limited,
secretory diarrhea in
children and in travelers
from industrialized to
developing countries

Toxin: Heat-labile enterotoxin (LT),
Heat-stable enterotoxin (ST),
Adhesin : Fimbrae, Autotransporter EtpA

First recognized in the 1960s

(7-10)

Enteroaggregative E.
coli (EAEC)

Persistent diarrhea in
children

Adhesin : Aggregative adherence fimbriae (AAF),
Dispersin
Toxin : Autotransporter protease Pic, Shigella enterotoxin
1 (ShET1), EAEC heat-stable enterotoxin 1, Plasmidencoded enterotoxin (Pet)

First described in 1987. Adhere
to HEp-2 cells in an aggregative
(AA) pattern

(11, 12)

Enteropathogenic E.
coli (EPEC)

Infant diarrhea in
developing countries

Described below in detail

(3)

Enteroinvasive E. coli
(EIEC)

Dysentery, Watery
diarrhea, Invasive
inflammatory colitis

Plasmid-borne type III secretion system, encoded by mxi
and spa genes, enables the insertion of a pore containing
IpaB and IpaC proteins into host cell membranes

First strain of E. coli causing
outbreaks of infantile diarrhea
described in the 1940s
First described in 1944

Shiga Toxinproducing E. coli
(STEC)

Diarrhea, Bloody
diarrhea, Hemorrhagic
colitis, Hemolytic
uremic syndrome
Diarrhea in
immunologically naive
or malnourished
children

Diffusely adherent E.
coli (DAEC)

12

(3, 13)

Described below in detail

Fimbrial and afimbrial (Afa) adhesins, collectively
designated Afa–Dr adhesins

Defined by a pattern of diffuse
adherence (DA) on HeLa and
HEp-2 cells in which the
bacteria uniformly cover the
entire cell surface

(14, 15)
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Major Virulence Factors of STEC
Toxins
(a) Shiga toxins (Stx)
The most important virulence factor of STEC is the Shiga toxin (Stx). It is named after Kiyoshi Shiga,
who first described the bacterial origin of dysentery caused by Shigella dysenteriae (34). In E. coli this
toxin was first described in 1977 as a vero cytotoxin and named as VT because of its toxic effect to
vero cells (kidney epithelial cells extracted from an African green monkey) in culture (18). Afterwards
the name shiga-like toxin and eventually shiga toxin was used by several investigators around the
world (35).
Structure and Function of Stx
The toxin is a multisubunit protein composed of one molecule of an A subunit StxA, (molecular
weight 32 kDa) responsible for the toxic activity of the protein, and five molecules (each has a
molecular weight of 7.7 kDa) of the B subunit StxB (Figure 1a) (36). The B subunit binds to
globotriaosylceramide-3 (Gb3) (Figure 1b) (37) present on specific cells and thereby determining the
site pathophysiology in the host. The A subunit exhibits an RNA N-glycosidase activity against the 28S
rRNA that inhibits host protein synthesis and induces apoptosis (38, 39). In humans, Stx released by
the bacteria binds to endothelial cells expressing Gb3, allowing its absorption into the bloodstream
and dissemination to other organs (38). Renal glomerular endothelium expresses high levels of Gb3
in humans, and Stx production results in acute renal failure, thrombocytopenia, and
microangiopathic hemolytic anemia, all typical characteristics of HUS (23).

Figure 1. Shiga toxin structures. a) Shiga toxin with one A
subunit (StxA), cleaved into fragments A1 and A2, and five
B fragments that constitute the homopentameric B
subunit (StxB). b) A ribbon diagram of Shiga toxin,
highlighting globotriaosylceramide (Gb3- shown in a ball
and a stick representation) binding sites on StxB. c) An
enlargement of StxA at the site of the furin cleavage site
(Arg25-Met252), and showing the disulphide bond
between Cys242 and Cys261, linking the A1 and A2
fragments. The figure is reproduced with permission from
the Nature publishing group (39).
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Stx subtyping
Stxs from E. coli are classified into two major types, Stx1 and Stx2 which share approximately 60%
amino acid identity (40). Stx1 appears to be more homogeneous and is almost identical to Stx from S.
dysenteriae type 1 (41). Stx2 comes in different variants that may display a few amino acid changes
influencing the disease outcome (40, 42) (Table 2). Recently, a new nomenclature for Stx variants or
subtypes was proposed by Scheutz et al (35) which is used in this thesis.

Table 2. Features of different Stx subtypes with their classical (old) and latest (new) nomenclature
Latest nomenclature
according to Scheutz et
al., 2012 (35)
Stx1

Stx1a
Stx1c
Stx1d

Classical typing
as described in
references (4245)
Stx1
Stx1c
Stx1d

Disease association

Stx2

Stx2a

Stx2

More often associated with HUS

Stx2b
Stx2c
Stx2d

Stx2d
Stx2c
Stx2dact*

Associated with diarrhea or asymptomatic carrier

Stx2e

Stx2e

Associated with pig edema disease, not common in
human

Stx2f

Stx2f

Stx2g

Stx2g

Initially feral pigeons were the natural reservoir, but
nowadays emerging in human
Mostly isolated from cattle and water, not common
in human

Presence of Stx1 alone (without Stx2) is mostly
associates with mild diarrhea or asymptomatic carrier

More often associated with HUS

*Stx2dact refers to the toxin type which has the capacity to be activated by elastase present in intestinal mucus. According
to the nomenclature by Sheutz et al., Stx2d includes the activatable Stx2 toxins and the non activatable Stx2d are
designated as Stx2b.

Stx lost E. coli
Sometimes E. coli of O157:H7/NM and other serotypes without an stx gene are excreted from the
feces of patients with HUS or diarrhea and the strains share other virulence genes common in STEC
and belong to the same MLST (Multilocus sequence typing) clonal complex as corresponding STEC
serotypes. These isolates are considered as Stx lost variants which might have lost the Stx encoding
bacteriophage during the course of infection or during culturing procedures in the laboratory (46-48).

(b) CDT (cytolethal distending toxin)
Although CDT has been associated mainly with EPEC and necrotoxigenic E. coli, it was later detected
in the majority of STEC O157:NM strains (49). CDT is encoded by three genes, cdtA, cdtB, and cdtC,
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which are required for its cytotoxicity and is involved in chromatin disruption, which leads to G2/Mphase growth arrest of the target cell and ultimately cell death (50).

(c) Enteroaggregative heat-stable toxin
Enteroaggregative heat-stable toxin (EASTI) is one of the toxins produced by the EAEC but it is also
found in STEC strains (51), where it may contribute to the initial phase of watery diarrhea (52).

Pathogenicity islands (PAIs)
(a) Locus of Enterocyte Effacement (LEE)
One of the most important characteristics of STEC is the ability to produce attaching and effacing
(A/E) lesions as does the EPEC on a variety of cell types (7, 53). These lesions are characterized by the
intimate adherence of bacteria to the enterocyte, dissolution of the brush border at the site of
bacterial attachment, and disruption of the cellular cytoskeleton (54). This adherence is mediated by
the outer membrane protein intimin encoded by the eae gene, which is part of a PAI named the locus
of enterocyte effacement (LEE) (55). The LEE of STEC comprises 43,359 bp and contains 41 genes. The
open reading frames (ORFs) that are not present in the EPEC LEE fall within a putative prophage,
designated 933L, that is located next to the selC locus. Besides eae, the tir gene encoding the
translocated intimin receptor (Tir), and the cesT gene encoding the Tir chaperone are required for
adhesion to the host cell (54, 56). LEE also contains a type three-secretion system (TTSS), necessary
to translocate bacterial proteins towards the enterocyte (55, 57), espADB genes (EPEC secreted
proteins) encoding translocator proteins that form a conduit through which the TTSS delivers
effector proteins to the host cell (58). There are also non-LEE encoded effector (nle) proteins
translocated by the TTSS, including Cif (carried on a lambdoid phage), EspI/NleA (carried by a
prophage CP- 933P) and TccP/EspFu (carried on prophage CP-933U) (59). The proteins located on the
LEE and the prophages are shown in Figure 2.
(b) The High pathogenicity island (HPI)
The HPI was first described in pathogenic Yersinia species and later found in non O157 STEC isolates.
HPI encodes the pesticin receptor FyuA and the siderophore yersiniabactin. There is a hypothesis
that this island can contribute to the fitness of the strains in certain ecological niches (46, 60).
(c) Tellurite Resistance and Adherence conferring Island (TAI)
A 35-kb PAI has been detected in STEC O157:H7 and other STEC strains including serotypes that do
not contain the eae gene (61). This island contains a gene that encodes a novel bacterial adherenceconferring protein similar to the iron-regulated gene A (IrgA) of Vibrio cholerae and was therefore
15
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termed Iha (IrgA homologous adhesin). The tellurite resistance locus was found adjacent to the iha
gene (46).
Pathogenecity island O#122
Most STEC strains contain a 23 Kb PAI termed O#122. PAI O#122 carries efa1/lifA, a 10 kb virulence
gene that is involved with in adhesion to cultured cells and the repression of the host lymphocyte
activation response (62).

EHEC Large Plasmid
Most of the STEC strains possess a large plasmid, 75 to 100 kb in size, encoding additional virulence
factors. This has best been described for STEC O157:H7, carryinga 90 kb plasmid pO157 (46)
containing several putative virulence determinants described below.

Figure 2. Genetic organization of the STEC/EPEC LEE and STEC prophages CP-933U, CP-933K, and CP-933P.
Different colors of genes encode proteins with different functions as mentioned in the legend. In addition, the
effector proteins e.g., espI, espJ, nleD carried by the phages are shown. The figure is reproduced with
permission from the American Society of Microbiology (63).

(a) Enterohemolysin
One of the well-known virulence genes encoded on pO157 is hly, encoding hemolysin (Ehly). Ehly is a
member of the repeats in toxin (RTX) family of toxins and could contribute to disease through lysis of
erythrocytes and release of hemoglobin as a potential source of iron. E. coli of serogroups O157, O26
and O111 commonly produce Ehly and it is therefore a useful epidemiological marker for potential
Stx-producing strains (52).
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(b) Proteases
EspP is a 104-kDa protein secreted by E. coli O157 and has proteolytic activity against human
coagulation factor V which could result in a decreased coagulation reaction leading to prolonged
bleeding (52). StcE, a zinc metalloprotease is secreted by the closely linked etp type II secretion
system on pO157. Expression of the stcE gene is up-regulated by the regulator Ler (64).
(c) Catalase-peroxidase
Another pO157-encoded determinant is the KatP (catalase-peroxidase), which is produced in
addition to the two chromosomally encoded catalases or hydroperoxidases of E. coli (65). Catalases
are part of the bacterial defense mechanisms against oxidative stress, while the peroxidases are
haem-binding acceptors (30).
(d) toxB
A homologue of the efa-1/lifA gene designated toxB is present on pO157 (66). It is important for full
expression of adherence by affecting the production and secretion of EspA, EspB, and Tir (67).

Adhesion
The fimbrial adhesins of STEC include long polar fimbriae (Lpf) (68), SfaA (69), SfpA (70), and StcA
(69). Recently, a type IV pilus, called the hemorrhagic coli pilus, has been identified that is involved in
adherence and biofilm formation (5). Among other adhesins, Saa (encoded by the saa gene) (71) is
produced by strains of certain serotypes of LEE-negative STEC (e.g., O113:H21 and O91:H21),
including some strains that have been isolated from patients with HUS. Saa is significantly more
associated with STEC from cattle than with those from humans and could be involved in the initial
bacterial adherence (72). E. coli common pilus (ECP), composed of a 21-kDa pilin subunit EspA, is a
pilus-adherence factor that is crucial for the virulence of E. coli O157 in humans.

Differences in virulence factors between STEC and EPEC
Most of the virulence factors of EPEC may also be present in STEC (Table 3) (59, 69, 73). Only
virulence factors unique to EPEC are described below.

LEE PAI
A hallmark phenotype of EPEC is the ability to produce A/E lesions like many STEC strains (7, 53)
caused by genes on LEE. The LEE of EPEC comprises 35,624bp and contains the same 41 genes as
STEC. However, EPEC LEE lack the prophage 933L and sequences of genes, as e.g., espA, espB, espD,
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eae and tir in STEC and shows a high variability of 15%, 26%, 19%, 13% and 33%, respectively
compared to these genes in STEC (6, 55, 57).

Localized adherence of EPEC and Bundle-Forming Pili
EPEC adheres to epithelial cells in vitro in a so-called localized-adherence (LA) pattern. The principal
factor responsible for the LA phenotype is a surface appendage known as the bundle-forming pilus
(BFP) (encoded by the bfp gene cluster), a member of the type IV fimbria family (encoded on a ∼92kb IncFII plasmid named EPEC adherence factor (EAF) (74-76). EPEC isolates containing this plasmid
are named typical EPEC (tEPEC), whereas EAF negative EPEC are referred to as atypical EPEC (aEPEC)
(77).
The bfp gene cluster contains 14 genes, the most important one being bfpA, which encodes the
major structural subunit of Bfp, “bundlin” (78, 79). The transcriptional regulators Per (plasmidencoded regulator) up-regulates the expression of BFP.
EspC PAI
EPEC secretes a 110-kDa protein EspC, located on a region termed as espC PAI (80). EspC possesses
enterotoxic activity and most likely plays an accessory role in EPEC pathogenesis, presumably as an
enterotoxin (81). The espC island also contains a putative virulent locus ORF3 similar to VirA
of Shigella flexneri (80).

Table 3. Major virulence factors of EPEC
Virulence factor category

Virulence factor

Present in EPEC

Present in STEC

Adherence

BFP
Intimin
Lymphostatin/LifA
Paa
Type 1 fimbrae
E. coli factor
for adherence (Efa)
Tir,EspA,EspB,EspD,EspF-I, Map, NleAC, Cif
CDT
EAST
Ler

Yes
Yes
Yes
Yes
Yes
Yes

No
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Per

Yes

No

EspC

Yes

No

Type III trnslocated proteins
Toxin
Regulation
Protease
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Diagnosis and Typing of STEC
Most clinical laboratories use conventional culture methods to screen for STEC in human feces. STEC
O157:H7 can be easily distinguished from most E. coli by their inability to ferment sorbitol. To isolate
O157 STEC, different selective and differential medium such as sorbitol-MacConkey agar (SMAC),
cefixime tellurite-sorbitol MacConkey agar (CT-SMAC), or CHROMagar O157 are used where the
O157 colonies are colorless on SMAC or CT-SMAC and are mauve or pink on CHROMagar O157 (8284). Most other STEC serotypes ferment sorbitol and are therefore difficult to differentiate from
other E. coli. For this, non-culture methods as Stx detection and Stx activity assays may be used (85,
86). Recently, PCR-based methods targeting the stx1 and stx2 genes are used for diagnosis and
confirmation of STEC infection, resulting in rapid and improved detection rates (87). Other assays
including determination of the O group, virulence factors such as intimin and enterohemolysin, and
differentiating among the subtypes of Stx have been developed (35, 88). For typing of STEC different
DNA fingerprinting methods e.g., Pulsed-Field Gel Electrophoresis (PFGE), Amplified-Fragment Length
Polymorphism (AFLP), Multiple-Locus Variable-Number Tandem-Repeats Analysis (MLVA) are used
(89, 90). Among the sequence based typing methods, MLST is the most reliable method to determine
genetic relatedness of epidemiologically-unrelated isolates, but has limited discriminatory power
(91).
The primary advantage of nonculture assays is that they can be used to detect all serotypes of STEC
and provide results more quickly than culture. However, with nonculture based assays the organism
is not isolated for subsequent serotyping and detailed characterization limiting the ability of
physicians to predict the potential severity of the infection in the patient (e.g., risk for HUS) (92, 93).
A reliable verification of STEC infections is only possible using a combination of culture, molecular,
and serological or toxicological detection methods (94).

Whole genome sequencing technology
Now-a-days using massively parallel (or “next-generation”) DNA sequencing technologies, it is
possible to examine the complete or nearly complete genomes of bacterial isolates within days (95).
Indeed, the rapid advances in sequencing technology and bioinformatics tools during the last decade
have initiated a transition from classical conservation genetics to conservation genomics (96, 97). A
number of (online) tools are available for the successful application of WGS data (Table 4). WGS
provides the opportunity for a step-change in diagnostic microbiological practice with (in the long
term) little or no increase in overall costs (98). The high resolution discriminatory power of WGS
makes it suitable for molecular typing, genetic profiling, outbreak investigation and population
19
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structure analysis (99, 100). A schematic representation of the use and applications of WGS is
presented in Figure 3.
Sequencing the STEC Genome
The complete genome sequence of an STEC O157 strain, isolated from a large outbreak that occurred
in 1996 in Sakai City, Japan (referred to as O157 Sakai), and of another O157 strain (EDL933) provided
the first opportunity to perform a direct comparison of the genomes of E. coli strains at the DNA
sequence level (101, 102). Approximately 4.1 million base pairs of “backbone” sequences are
conserved between the genomes, but these stretches are punctuated by hundreds of sequences
present in one strain but not in the other (73). During the E. coli O104:H4 outbreak in Germany
several studies indicated that bench top sequencing platforms could generate data with sufficient
speed to have an important effect on clinical and epidemiologic problems (103).

STEC-ID-net study
A multicenter prospective study, STEC-ID-net, was performed during a 12-month period (April 2013March 2014) in two regions of the Netherlands; Groningen, located in the north, and Rotterdam,
located in the south-west part of the country. Two regional MMLs (Certe, Groningen and Star-MDC,
Rotterdam), the University Medical Center, Groningen (UMCG), the National Institute for Health and
Environment (RIVM), and the public health services (PHSs) of Groningen, Drenthe and RotterdamRijnmond participated in the study. The study was performed to formulate evidence-based
recommendations for optimizing diagnostics, notification and surveillance of STEC in the
Netherlands. A total of 23,153 stool samples from patients with presumed infectious gastroenteritis
from different parts of the Netherlands were screened using qPCR targeting the stx1/stx2 (marker for
STEC) and escV genes (marker for EPEC) by the regional MMLs. In total 425 (1.9%) feces samples
were positive for stx1 and/or stx2 gene using direct PCR on feces. Patients that tested positive for stx
and/or escV, were interviewed by phone or e- mail by the PHSs (104). Eventually, 132 STEC and 976
EPEC isolates were obtained from the study. The research described in this thesis consists of spin-off
studies performed on the STEC and part of the EPEC isolates obtained within the STEC-ID-net study.
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Figure 3. Overview of the approaches and applications of whole genome sequencing used in this
thesis. The workflow described here is starting from a bacterial isolate and the duration of sequencing
may vary from 1-2 days depending on the sequenced fragment lengths.

21

Chapter 1
Table 4. Different WGS data analysis tools used in this study
Name of the WGS
analysis tool*
CLC genomics
workbench
ABACAS
Mauve
Rast

Application

Link / Accession

Sequence Assembly

CLC bio A/S, Aarhus, Denmark

Orientation of assembled sequence
Multiple Genome Alignment
Genome annotation

Virulence Finder
VFDB
SerotypeFinder

Determination of virulence gene
Determination of virulence gene
Determination of O and H type
encoding gene
Determination of sequence type
Determination of antibiotic resistance
gene
Prediction of bacterial species
Prediction of bacteriophages

http://abacas.sourceforge.net
http://gel.ahabs.wisc.edu/mauve
http://rast.nmpdr.org/rast.cgi?page=Jobs&logout=
1
https://cge.cbs.dtu.dk/services/VirulenceFinder/
http://www.mgc.ac.cn/VFs/main.htm
https://cge.cbs.dtu.dk/services/SerotypeFinder/

MLST finder
ResFinder
SpeciesFinder
Phagege Search Tool
(PHAST)
Blast Ring Image
Generator (BLAST)
Easyfig
Artemis comparison
Tool (ACT)
Seqsphere MLST+
RAxML
Other tools

https://cge.cbs.dtu.dk/services/MLST/
https://cge.cbs.dtu.dk/services/ResFinder/
https://cge.cbs.dtu.dk/services/SpeciesFinder/
http://phast.wishartlab.com/

Genome comparison

https://sourceforge.net/projects/brig/

Genome comparison
Genome comparison

http://mjsull.github.io/Easyfig/
http://www.sanger.ac.uk/science/tools/artemiscomparison-tool-act
Ridom GmbH, Münster, Germany
https://github.com/stamatak/standard-RAxML
http://seqanswers.com/wiki/Softwarehttp://molbi
ol-tools.ca/Genomics.htm

Phylogenetic relationship
Phylogenetic relationship
Several

*Mainly the tools used in this thesis are mentioned here, but many more tools are available and can be found following the
links mentioned in the last row.

SCOPE OF THE THESIS
STEC are considered as emerging food-borne pathogen worldwide. Since the large outbreak in
Germany with a rare STEC O104:H4, the necessity for continuous epidemiological and microbiological
surveillance and a rapid and reliable diagnosis of STEC in the Netherlands seems obvious. We
hypothesized that a better insight into the (molecular) characteristics of STEC improves their
diagnosis and predict their pathogenic potential. Therefore, in this thesis we established and
implemented modern molecular assays, i.e. whole genome sequencing (WGS) for diagnosis and
detailed characterization of STEC isolates obtained from patients in the Netherlands. We also
hypothesized that STEC with the potential to cause severe disease outcome belong to particular
phylogenetic groups. Furthermore, we wanted to see the evolutionary relationship of
22
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Enteropathogenic E. coli (EPEC) serotype O157 with the clinically well-known STEC O157 strains
known to cause severe illness to human.
At present it is still not possible to fully define human pathogenic STEC that may cause HUS or bloody
diarrhea. The concept of seropathotyping proposed by Karmali et al. was not applicable for isolates
not been fully serotyped. Therefore, a molecular approach combining serotypes as well as genes
encoding virulence factors additional to stx genes, was proposed by European Food Safety Authority
(EFSA) to perform a quantitative risk assessment relating the presence of virulence genes and/or
serogroup to a particular disease outcome. This molecular approach, with a slight modification was
used in our study described in chapter 2. In this chapter, a rapid screening algorithm including both
molecular and conventional methods of STEC detection was applied directly to stool samples of
patients with gastrointestinal complaints. Moreover, we tried to discriminate infections with lessvirulent STEC from those with clinical relevance and risk for public health based on the proposed
molecular approach.
Chapter 3 describes the overall molecular characterization and diversity of 132 STEC isolates
obtained from two different regions of the Netherlands using high throughput (WGS). In this chapter,
we tried to find out a potential association of certain virulence factors of STEC strains with a clinical
picture of the patient and to observe if the isolates responsible for relatively severe disease outcome
belong to a particular phylogenetic background.
E. coli O104:H4 isolates very similar to the outbreak strains were isolated in the Netherlands from an
sporadic case of HUS which is described in chapter 4. Several phenotypic and genotypic laboratory
methods were used to distinguish virulence and antibiotic resistance properties of these isolates
from the German 2011 O104:H4 outbreak strains. Eventually WGS was used to reveal their
phylogenetic relationship. In Chapter 5, a comprehensive investigation was performed on the
genomes of 23 STEC O104:H4 isolates, including previously reported outbreak- and non-outbreakrelated isolates, to get insight into their evolutionary history. It also describes the role of mobile
genetic elements, e.g., plasmids and bacteriophages in the rapid evolution of the outbreak clone.
STEC O157:H7 has been most often associated with more severe forms of the disease and is
considered to be one of the major food-borne pathogens across the world. Several studies have
shown that E. coli O157:H7 often exist in nature in a toxin negative form and therefore, if only the stx
gene is considered for screening in the laboratory, the stx negative but eae positive isolates would be
considered as EPEC. In chapter 6, we performed a detailed molecular and phylogenetic comparison
of stx positive and negative E. coli O157:H7 by using WGS and we were able to prove that these stx
negative isolates of E. coli are in fact members of the STEC O157:H7 group that either have lost the
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stx gene or are ready to acquire the Stx converting bacteriophage. In chapter 7, virulence, antibiotic
resistance properties and phylogenetic analysis of E. coli O157 isolates other than the H7 flagellar
type are described. The aim of this chapter was to show that E. coli O157 groups are of diverse
phylogenetic backgrounds that have acquired the O157 antigen biosynthesis gene cluster. We also
showed that the presence of different mobile genetic elements in different H types have contributed
to their virulence and antibiotic resistance properties.
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