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�
Since Escherich first described in 1885 the
bacterium now known as Escherichia coli it has
become one of the best studied organisms in

microbiology. E. coli is present as a commensal in the
intestinal tract of man and animals. However, certain
strains of E. coli can cause severe disease in these hosts.
This has led to detailed investigations of this ‘Jekyll 
and Hyde’ species and particularly in the last 25 years
with the emergence of E. coli O157. This brief over-
view aims to consider the contribution of E. coli as a 
cause of general outbreaks of diarrhoeal disease in the 
UK. Although outside the scope of this article extra-
intestinal pathogenic E. coli are also a significant 
cause of human diseases such as infantile meningitis,
septicaemia and urinary tract infections.

� Diarrhoeagenic E. coli
Comparison of the virulence properties of diarrhoeagenic
E. coli strains has resulted in the recognition of several
categories associated with disease. Those to be considered
here are the enteropathogenic (EPEC), enterotoxigenic
(ETEC), enteroinvasive (EIEC), enteroaggregative
(EAggEC) and verocytotoxin-producing (VTEC).

� Outbreaks caused by EPEC, ETEC, EIEC
and EAggEC
Pioneering work by Bray established the importance of
EPEC as a cause of outbreaks of infantile gastroenteritis
in the UK in the 1940s. These continued until the early
1970s, but since then outbreaks caused by ‘classical’
EPEC strains have become very rare. The serotyping
scheme, devised by Kauffmann, played an important
part in these early EPEC studies. Outbreaks were caused
by certain serotypes including O114:H2, O119:H6,
O127:H6, O128:H2 and O142:H6. These EPEC
strains form attaching and effacing (A/E) lesions that
result in destruction of the microvilli on the intestinal
epithelium and intimate attachment of bacteria to
pedestals at the apical cell membrane. The possession of 
a gene termed eae that encodes the outer-membrane
protein intimin is essential for the formation of A/E
lesions. ‘Classical’ or ‘typical’ EPEC also possess the
EPEC adherence factor (EAF) plasmid, but this is not
required for A/E lesion production as so-called ‘atypical’
EPEC strains lacking the EAF plasmid can produce
lesions. Outbreaks caused by atypical EPEC strains that
were eae-positive but lacked the EAF plasmid have been
identified in the UK in recent years (Table 1). These have
involved food-borne transmission and generally affected
adults. In one such outbreak, at a wedding reception,
isolates of the ‘outbreak’ strain were obtained from food
as well as infected individuals.

ETEC remain a major cause of diarrhoea in developing
countries and also of travellers’ diarrhoea. The patho-
genesis of ETEC requires colonization of the small
intestine and production of one or both of the two types

of enterotoxin, heat-stable and heat-labile. Outbreaks of
ETEC infection are very infrequently reported in the UK
but an example, involving adults where two different
serotypes were isolated, is shown in Table 1.

EIEC rarely cause outbreaks in developed countries.
EIEC strains are very like Shigella spp. and cause
dysentery by invading intestinal epithelial cells. An
interesting outbreak occurred in Yorkshire in 2003
(Table 1) and appeared to involve food-borne trans-
mission of EIEC. Isolates of E. coli O124, a typical
enteroinvasive serogroup, were obtained from cases
linked to a group of restaurants as well as from two food
handlers. All isolates possessed a genetic marker asso-
ciated with the enteroinvasive phenotype and were
resistant to four antimicrobial agents.

EAggEC were defined in the late 1980s based on the
pattern of adhesion to tissue culture cells. This group of
E. coli shows a characteristic ‘stacked brick’ adhesion
pattern and histopathological lesions have been demon-
strated in animal models. EAggEC usually cause a 
watery diarrhoea with vomiting and the disease can 
be persistent, particularly in children in developing
countries. Outbreaks of EAggEC infection have been
reported in the UK and contaminated foods appear 
to be the transmission route (Table 1). In a study of 
four outbreaks of gastroenteritis in the UK, EAggEC 
was the predominant pathogen isolated. However,
additional pathogens, including Shigella sonnei, Campylo-
bacter and other diarrhoeagenic E. coli, were also isolated
in a small proportion of cases in these four outbreaks.
This suggests that there had been considerable con-
tamination of the food vehicles implicated in these
outbreaks. So far EAggEC have not been detected in
animals and it appears that, like classical EPEC, ETEC
and EIEC, the reservoir for EAggEC strains is the 
human gut. Food handlers who carry these types of
diarrhoeagenic E. coli may present a significant risk 
of spreading infection. In a national study of infectious
intestinal disease in England EAggEC were detected 
in 5.1 % of cases presenting to GP practices, a higher
percentage than was found for Salmonella spp. in the 
same study. This group of E. coli represents an emerging
problem as a cause of diarrhoeal disease. However, 
tests for these E. coli are not available in diagnostic
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Table 1.Examples of food-borne outbreaks caused by diarrhoeagenic
E. coli in the UK

E. coli group Setting Serotype

EPEC Wedding party, 1997 O?H10
EPEC Conference, 2001 O88: H5
ETEC Catered function,1995 O6: H16; O?: H- 
EIEC Restaurants, 2003 O124: H-
EAggEC Conference, 1994 O86: H34
EAggEC Hotel, 1994 O98: H-



laboratories and work is in progress to
develop rapid and cost-effective tests

for EAggEC.

� Outbreaks caused 
by VTEC
In contrast to infections with
EPEC, ETEC and EIEC,
human disease caused by
VTEC belonging to sero-
group O157 (VTEC O157)
has been recognized as an

emerging problem in the
UK. VTEC O157 and strains

belonging to other serogroups
are associated with a spectrum of

disease, including mild diarrhoea,
severe bloody diarrhoea and haemolytic

uraemic syndrome, which is the most common
cause of acute renal failure in children in the UK. The vast
majority of data on VTEC in the UK relate to serogroup
O157 because of the lack of simple tests and laboratory
surveillance for VTEC of other serogroups. Outbreaks of
infection caused by non-O157 VTEC have not been
reported so far in the UK, but several have been investi-
gated in the Republic of Ireland and continental Europe.

Outbreaks of VTEC O157 infection in the UK 
have been reported since 1985. Fig. 1 illustrates the
transmission routes in 137 outbreaks of VTEC O157
infection in England and Wales between 1995 and 2003.
The main transmission route in the majority of these
outbreaks was contaminated food or water and the foods
implicated most frequently were dairy products and
meats, both raw and cooked. Person to person spread 
and contact with animals or their faeces were also very
important routes of transmission. In the reference
laboratory the investigation of outbreaks requires 
an integrated approach involving several different
typing methods together with detailed epidemiological 
data. The use of phage typing of VTEC O157 and VT
gene typing by PCR provide rapid methods for the
identification of possible outbreak cases as well as the
differentiation of ‘outbreak’ and ‘sporadic’ cases of VTEC
O157 infection. Pulsed-field gel electrophoresis (PFGE)
is currently the method of choice as a highly discrimina-
tory typing technique for strains of VTEC O157 as well
as several other gastrointestinal pathogens. Outbreak
strains belonging to different phage types rarely share
PFGE profiles generated with the enzyme XbaI, whereas
there is significant discrimination of isolates within a
phage type. In the USA and Canada PFGE typing of
VTEC O157, as part of the PulseNet scheme, has been
used to identify outbreaks that may have been missed or
not detected so rapidly by ‘traditional’ epidemiology.
Successful examples have included outbreaks caused 
by distribution of contaminated ground beef to outlets 
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in several states. General outbreaks caused by widely
distributed foods of this type have not occurred in the
UK so far, although family outbreaks and sporadic cases
of VTEC O157 infection result from the undercooking
of beefburgers or cross-contamination at barbecues.

Outbreaks of VTEC O157 infection have been
reported in all parts of the UK with the most serious
being that in Central Scotland in 1996/97. This led to
nearly 500 cases and 21 deaths in elderly patients and was
caused by contaminated meat from a butcher’s shop 
in Lanarkshire. After this major outbreak, a detailed
investigation headed by Professor Hugh Pennington
resulted in the implementation of recommendations
that led to significant changes in the management,
distribution and handling procedures for the preparation
and sale of raw and cooked meat products. More recently
the Food Standards Agency Scotland and Scottish
Executive Health Department set up a Task Force on E.
coli O157 under the chairmanship of Professor Bill
Reilly. The Task Force Report reviewed the risk of
infection with VTEC O157 and recommended practical
measures that would help to protect public health.

� The future
Several studies show that outbreaks, as well as sporadic
cases, caused by diarrhoeagenic E. coli in the UK are
significantly underestimated. Apart from VTEC O157,
insufficient laboratory surveillance data are collected,
largely because suitable detection methods are not
available in diagnostic laboratories. Several techniques,
mainly PCR-based, have been developed for the
detection of the different diarrhoeagenic E. coli but their
use has been restricted in general to reference and
specialist laboratories. The wider application of suitable
methods should be used in the investigation of outbreaks
of diarrhoeal diseases currently reported as of ‘unknown
aetiology’. Progress has been made in relation to VTEC
O157 infection. Examples are the introduction of
improved legislation for butchers’ shops, increased
awareness and control measures at ‘open’ farms and in
relation to transmission via animals and their faeces.
These factors may have contributed to a decline in the
numbers of VTEC O157 infections in the UK since 1999.

The surveillance in place for VTEC O157 needs to be
maintained and also extended to cover non-O157 VTEC
as well as other diarrhoeagenic E. coli. This will allow a
better assessment of the public health importance of this
fascinating organism.
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ABOVE:
Fig. 1. Main transmission 
routes in 137 general outbreaks 
of infection with VTEC O157 in
England and Wales between 1995
and 2003.
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