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� The molecular basis of colonization
Attention then turned to the molecular basis of this
tropism. Examination of the site of EHEC O157:H7
colonization was not shared by the generic E. coli
population and revealed a region containing a high
concentration of sub-mucosal lymphoid follicles (Fig.
2a). These follicles contain B and T lymphocytes that
signal alterations to the epithelium above these
structures. This follicle-associated epithelium (FAE) 
is characterized by a
reduction in the levels of
mucus-secreting goblet
cells and the presence of
cells with shortened micro-
villi. These cells are similar
to M-cells found in the
small intestine that sample
lumenal antigens. In
conjunction with work
carried out using human
gastrointestinal explants,
this research indicates 
that EHEC O157:H7 is
likely to interact initially
with M or M-like cells 
in both humans and 
cattle. Similarly, members
of the Enterobacteriaceae –

Salmonella, Shigella and other pathotypes of E. coli – 
have been shown to use M-cells as an initial point of
interaction with their host.

The obvious downside to contacting M-cells is that
their usual function is to take up foreign particles.
Bacteria such as Salmonella have the capacity to take
advantage of this internalization, but this does not
appear to be the case for EHEC O157:H7 as it is
predominantly extracellular. In common with these
other enteric pathogens, EHEC has a type III secretion
system that enables the injection of bacterial proteins
into host cells (see Figs 1, 5 and 6). The most obvious
consequence of this is the formation of attaching and
effacing lesions (Fig. 3) and this secretion system is
essential for colonization and persistence in cattle.
Another fundamental role for this system could be in
disabling the M-cell on contact to then allow
colonization of the epithelium in that area. This is
analogous to the type III secretion system of Yersinia
spp. that is able to rapidly disable macrophages and
prevent phagocytosis. One hypothesis to explain the
EHEC O157:H7 tropism is that the type III secretion
system is only primed for action by signals present in 
the lower gastrointestinal tract, thus allowing this
specific region to be colonized rather than FAE at higher
sites in the gastrointestinal tract. Subsequent spread 
and persistence of the bacteria at the terminal rectal site
will require other components such as flagellae and
fimbriae as well as the capacity to multiply in the mucus
layer.

� EPEC vs EHEC in cattle
In contrast to the related but non-toxigenic entero-
pathogenic E. coli (EPEC), EHEC O157:H7 does not
cause disease in cattle and can colonize and potentially 
recolonize animals for long periods (weeks). This 
long-term shedding relies on preventing both an

TOP LEFT:
Fig. 3. A/E lesions in the bovine
spiral colon induced by a human
EHEC O111: H– strain (E43035N) 
at 4 days post-inoculation. 
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LEFT:
Fig. 4. Expression of tir : : egfp
in E. coli O157: H7 on contact with
cultured EBL cells. Cells were
incubated with bacteria before
fixation at the time points indicated.
(b), (d) and (f) show expression of
tir : : egfp at 0 min (b), 15 min with
EBL contact (d) and 15 min without
EBL contact (f). (a), (c) and (e) show
bacterial phase contrast images at 0
min (a), 15 min with EBL contact (c)
and 15 min without EBL contact (e). 
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LOWER LEFT:
Fig. 5. Model illustrating primed
expression of type II I secretion on
colonization of the bovine terminal
rectum. (1) Transition through the
majority of the bovine gastrointestinal
tract without epithelial interaction.
(2) In the lower gastrointestinal 
tract a combination of environmental
cues, including higher bacteria
levels and quorum sensing, lead to
expression of the basal type II I
secretion apparatus. At this time 
the mRNA for the EspADB translocon
may also be produced. (3) With a
further signal, such as cell contact,
the mRNA is translated and EspA
filaments are produced. Transcription
of certain type II I secreted effector
proteins occurs and intimin is
expressed and inserted into the
bacterial outer membrane (4 & 5).
Secretion of effector proteins may
occur in a co-ordinated manner,
controlled by both expression
patterns and differential affinities 
of effector proteins for shared
chaperones that escort the secreted
proteins to the apparatus and out of
the bacterial cell. (6) Cytoskeletal
rearrangements occur as a
consequence of the activities of the
injected effector proteins and 
the interaction of intimin with the
translocated intimin receptor (Tir).
The result is an intimately attached
bacterium and an attaching and
effacing (A/E) lesion. (7) From this
initial binding site the bacteria
spread to colonize the surrounding
epithelium using a combination of
flagellae, fimbriae and type II I
secretion. This includes possible
bacterium–bacterium binding via
type IV pili.
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�
Enterohaemorrhagic E. coli (EHEC) emerged as
a human pathogen in the 1980s through a
series of food-borne outbreaks. Its notoriety

stems from the severe disease it can cause, especially in
the very young and the elderly. EHEC contain integrated
bacteriophage genomes capable of expressing a potent
toxin known as verotoxin (VT) or shiga-like toxin (SLT)
that destroys blood vessels by killing endothelial cells.
Damage to blood vessels in the gastrointestinal tract
leads to the characteristic bloody diarrhoea associated
with this infection. Kidney damage and failure can also
be precipitated by the toxin and the very young are more
susceptible, due in part to a higher toxin receptor level in
the kidney. Fig. 1 outlines the key virulence-associated
factors produced by the organism. 

� EHEC in cattle
There is now considerable evidence that ruminants,
particularly cattle, are the direct or indirect source of
most human infections. In the UK, North America and
Japan, the main serogroup associated with disease is
EHEC O157:H7. Unlike in humans, EHEC O157:H7
does not cause overt disease in cattle and can be
considered a commensal. The overall aim of our research
is to understand how EHEC O157:H7 colonizes cattle so
that interventions can be designed to remove it from this
primary host and therefore prevent transmission 
to humans. A key requirement is to determine where 
and how EHEC O157:H7 persists in the bovine gastro-
intestinal tract, as this is a prerequisite to finding the
factors involved in bacterial persistence and designing
interventions.

� The bottom line
Cattle orally dosed with 109 EHEC O157:H7 shed up to
106 bacteria per gram faeces for at least 4 weeks. In our
work to localize the bacterium in cattle, the first few
post-mortems of animals shedding high levels of EHEC
O157:H7 in their faeces failed to find significant levels
at any site within the gastrointestinal tract, including
the contents. As a result of this observation, attention
turned to the terminal rectum of the animal, with
subsequent work demonstrating that the bacteria 
were really only colonizing the final few centimetres 
of the gut at the terminal rectum adjacent to the anal

canal. EHEC O157:H7
was coating the faeces 
as the animal defaecated
and this was proven by
sampling the surface versus
the core of the faecal stool
(when such separation is
possible). The bacteria 
are therefore being taken 
in orally and more or 
less ignore metres of gastro-
intestinal tract and then
colonize in a narrow band
adjacent to the anus (this
research was supported 
by a Veterinary Fellowship
from DEFRA and was
subsequently known as 
The Fellowship of the Ring!).
This remarkable tropism
explained why others 
had missed the site in the 
past and opened up the
possibility of simple
interventions to remove the
bacteria from colonized
animals.

EHEC O157:H7 – getting to the
bottom of the burger bug
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E. coli O157: H7 is
a nasty human
pathogen, yet it
does not harm its
cattle host. Dave
Gally and his
colleagues are
finding out why.

RIGHT (TOP DIAGRAM):
Fig. 1. Diagram illustrating some
of the major virulence factors of
EHEC O157. (1) Chromosomal DNA
contains pathogenicity islands (red
and yellow) such as the locus for
enterocyte effacement (LEE) that 
is largely responsible for the
attaching and effacing phenotype.
Additional virulence traits are
carried by the large pO157 plasmid.
(2) The LEE encodes a type II I
secretion system that allows the
injection of bacterial proteins into
target cells, thereby allowing
intimate attachment. (3) Initial
bacterial binding to host cells or
bacterial spread following
attachment may be mediated by
fimbriae. (4) Bacterial motility is
driven by the presence of flagellae
that may enhance penetration of
host defences, including mucus,
thereby aiding initial attachment to
host tissue. (5) Finally, E. coli O157
carries a phage-encoded AB toxin
known as Shiga-like toxin (SLT) or
verotoxin (VT), which can have
multiple effects dependent on host
and cell type. These include
inhibition of pro-inflammatory
responses and apoptosis.
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RIGHT:
Fig. 2. Lymphoid follicles at 
the bovine terminal rectum. 
(a) Location of lymphoid follicles
(LF) after acetic acid treatment of
terminal rectal mucosa. AC, anal
canal; REC, region of bacterial
colonization. (b) H&E stain of a
lymphoid follicle (LF) and follicle-
associated epithelium (FAE) at the
terminal rectum. (c) Microcolony 
of EHEC O157: H7 (green) 
situated on FAE.
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inflammatory response and an adaptive immune
response on colonization. Multiple factors contribute to
this biology.
1. The very restricted site of colonization may limit

responses in comparison to generalized colonization of
the gut, or gastrointestinal tract.

2. In vitro, most EHEC isolates limit expression of
important surface antigens such as the type III
translocation filaments and intimin; this is in stark
contrast to EPEC strains characterized to date that
show less restricted expression.

3. The regulation in EHEC O157:H7 has evolved to
allow rapid expression of these type III secretion-
related factors on contact with host cells (Fig. 4).

4. Other EHEC factors such as VT/SLT appear to inhibit
pro-inflammatory cytokine expression.
Having described EHEC O157:H7 as a commensal in

cattle earlier in the article, it is clear that this belies a
complex multifactorial interaction with the bovine host
that leads to colonization by stealth. Transfer this
bacterium to humans as an incidental host and the
consequences can be devastating. This difference
primarily lies with the receptor distribution for the
VT/SLT in the two hosts, but also is likely to reflect their
differences in colonization patterns, gene expression 
and signalling pathways. Fig. 5 illustrates the initial
sequential interactions envisaged currently

� EHEC O157:H7 – the movie
We have worked with a UK-based animation company
Biovisual (www.biovisual.co.uk) to produce a full-
length animation representing the key stages of EHEC
O157:H7 interaction with the host. Biovisual produces
custom animations that aim to summarize complex
microbiological processes in a 3D environment. Still
images illustrating steps in the process are shown 
in Fig. 6 and the full animation can be viewed at 
the Biovisual website or at our laboratory homepage
(www.vet.ed.ac.uk/zap/research/movie.htm).
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RIGHT:
Fig. 6. (a) EHEC O157: H7
responds to host environmental
signals and expresses adhesins on
its outer membrane. (b) EHEC
O157: H7 binds to microvilli on the
host-cell surface. (c) LEE4
(EspADB translocon) mRNA (shown
in blue) is translated in situ at the
inner membrane of the TTSS. The
resultant Esp proteins are then
exported through the needle
complex. In this way translation
and secretion are coupled. 
(d) EHEC O157: H7 produces a 
long EspA filament that allows the
injection of the translocated
intimin receptor (Tir) into the host
cell where it inserts into the
membrane. EHEC O157: H7 then
binds tightly to the host cell via this
Tir–intimin interaction. (e) Host-
cell cytoskeletal rearrangements
result in EHEC O157: H7 embedding
in the host-cell membrane as part
of the formation of an attaching
and effacing (A/E) lesion.
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