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An outbreak of verotoxin-producing Escherichia
coli 0157 (VTEC 0157) infections linked to an open
farm occurred in eastern England in April and May
2007. This paper describes the investigation and
highlights the importance of multidisciplinary col-
laboration for successful control of such outbreaks.
There was a temporal cluster of 12 confirmed symp-
tomatic cases of VTEC 0157 and one asymptomatic
carrier, from five families. The investigation revealed
that four of these cases formed part of an outbreak
involving two families who visited an open farm.
The phenotypic and genotypic characteristics of the
isolates from the two families and the putative farm
animal contacts were indistinguishable, indicat-
ing that the animals were the source of the primary
infections. No epidemiological link could be estab-
lished between the remaining three families affected
and the open farm or people having visited the farm.
Control measures included improved hand washing
facilities on the farm, information for visitors and
staff, restricted access and suspended petting and
feeding of animals, and thorough cleaning and disin-
fection of affected areas.

Introduction

The most important strains of verotoxin (VT)-
producing Escherichia coli (VTEC) that cause diar-
rhoeal illness in the United Kingdom (UK) belong to
serogroup 0157 (VTEC 0157) [1]. They produce VTi,
VT2 or both toxins and are differentiated by phage
typing and DNA-based techniques [2]. E. coli 0157 is
an important, although relatively uncommon, cause
of infectious gastroenteritis in England and Wales.
Between 2000 and 2008 the number of reference lab-
oratory-confirmed isolates of VTEC 0157 in England
and Wales ranged from 595 in 2002 to 1,034 in 2009
and 793 in 2010 [3]. Of 948 strains in 2008, 73 came
from the east of England [4]. In comparison, 55,609
Campylobacter strains were isolated in England
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and Wales in the same year [5]. Several outbreaks
of VTEC O157 have been recently reported in the UK
[6-9]. Healthy domesticated animals such as cattle,
sheep and goats are the natural reservoir for VTEC
[1,20]. Spread to humans occurs through contami-
nated food or water, person-to-person spread or by
direct and indirect contact with infected animals and
their faeces [1].

The disease severity ranges from mild and self-lim-
iting diarrhoea to serious and sometimes fatal ill-
ness, especially in young children or elderly people
[11]. Haemorrhagic colitis develops in about half of
the identified VTEC O157 cases in England and Wales
[12]. Haemolytic uraemic syndrome (HUS) complicates
about 2-7% of all cases of VTEC 0157 gastroenteri-
tis [13,14]. Its manifestations include renal failure,
haemolytic anaemia, thrombocytopenia, and central
nervous system symptoms. HUS has a fatal outcome
in up to 17% of cases [15-17], while a substantial pro-
portion of the survivors suffer renal or other long term
residual impairments [18].

Between 18 April and 3 May 2007, the Norfolk,
Suffolk and Cambridgeshire (NSC) Health Protection
Unit (HPU) Norfolk office was notified of eleven cases
of presumptive E. coli 0157 infection and one asymp-
tomatic carrier from four families in Norfolk. This rep-
resented an unusually high number of cases for this
region within a period of a few weeks. The index case
from the first family (A) had visited an open farm in
eastern England. On 1 May 2007, the HPU was noti-
fied of a child from Lincolnshire (Family B) who was
hospitalised with E. coli 0157 gastroenteritis and
HUS, and had visited the same farm. Norfolk and
Lincolnshire are neighbouring counties. This report
presents the epidemiological and microbiological
investigations of this spatiotemporal cluster of VTEC
0157 infections.



Methods

Epidemiological investigations

A primary case was defined as the first person in a
household with gastrointestinal illness (three or more
loose stools in a 24-hour period) that was microbiologi-
cally confirmed as caused by VTEC 0157, and disease
onset between 10 April and 1 May 2007. A secondary
case was defined as a person with gastrointestinal ill-
ness, microbiologically confirmed as caused by VTEC
0157, who had the second or subsequent such illness
in the household and whose onset of illness was two or
more days after the onset of the primary case.

The first meeting of the outbreak control team
(OCT) took place on 30 April 2007. The Veterinary
Laboratories Agency (VLA) was subsequently asked for
assistance after epidemiological enquiries identified
contact with animals on an open farm (rather than a
food-borne infection) as the likely source for two index
cases. Neighbouring Health Protection Units were
alerted about the cluster of VTEC O157. General practi-
tioners were alerted to report any cases of gastrointes-
tinal illness and to send a sample for microbiological
investigation. A structured questionnaire was adminis-
tered per telephone to all probable cases (or to their
parents) to record onset of illness and symptoms, and
to explore possible risk factors such as visit to open
farms and contact with animals, food and drink risk
factors, travel, swimming, and close contact history.

The open farm was visited by the OCT to evaluate
risks to health of staff and visitors. This was a typi-
cal open farm with ewes, lambs, goats, llamas, pigs,
calves, chickens, rabbits and guinea pigs. There had
been approximately 14,000 visitors to the farm during
the Easter holiday period in April 2007. Environmental
testing at the open farm was undertaken to evaluate
possible sources of infection.

Microbiological investigations

All cases and household contacts provided stool speci-
mens for laboratory investigation. In addition to consid-
ering isolates from the cases linked to the open farm,
it was necessary to evaluate the laboratory typing of
the strains from all human samples from the region to
scrutinise possible links between cases. An additional
83 faecal specimens were collected from the animals
on the open farm. Sampling was based on groups of
animals sharing the same space, and concentrated on
likely contacts: sheep, weaned and unweaned lambs,
goats, kids, calves, pot-bellied pigs and pet rabbits.

Human and animal samples were cultured as described
by Willshaw et al. [2] and presumptive VTEC 0157
isolates were sent for phage typing to the cen-
tral Laboratory for Enteric Pathogens at the Health
Protection Agency (HPA) Centre for Infections. All iso-
lates from human and animal sources were confirmed
biochemically as E. coli and subsequently serotyped
and phage-typed. They were tested for the presence

of VT1 and VT2 by polymerase chain reaction (PCR)
and isolates from patients infected with the same
phage type of VTEC 0157 and animal isolates from the
farm were compared by pulse field gel electrophore-
sis (PFGE) of fragments generated by the restriction
enzyme Xbal [2].

Results

A total of 13 confirmed cases of VTEC O157, one of them
asymptomatic, occurred in five families in the neigh-
bouring counties of Norfolk and Lincolnshire in April
and May 2007. The epidemiological curve for the 12
symptomatic cases is shown in Figure 1. Initially no
epidemiological links were established between the
four Norfolk families and the incident was investigated
as a temporal cluster. After the case from Lincolnshire
was identified, an outbreak was declared, consisting of
Family A from Norfolk (one primary and two secondary
cases) and Family B from Lincolnshire (one primary case
only) who had visited the open farm. A narrower case
definition for the outbreak was used which included
only those persons with a link to the farm. The work-
ing hypothesis was that the outbreak was caused by
direct transmission from contact with animals at the
farm, followed by secondary transmission within the
households.

The index case from Family A had visited the farm on 9
April 2007 and developed symptoms on 13 April 2007.
It is possible that Case 2 (Table 1) of Family A is a co-
primary case. She visited the farm on the 9 April 2007
and developed symptoms on 17 April 2007 (eight days
later). The index case from Family B visited the farm
on 20 April 2007 and developed symptoms on 22 April
2007. The main risk activities were identified from the
questionnaires (100% response rate) as being bottle
feeding of lambs and feeding and petting goats.

In addition to the outbreak cases, there were eight
cases and one asymptomatic carrier from three other
families (C, D and E) with no ascertainable links to
the open farm or to Families A or B. These family
groups were investigated and followed up as part of a

FIGURE 1

Cluster of verotoxin-producing E. coli O157 gastroenteritis,
eastern England, April-May 2007 (n=12)
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separate cluster. One of these families (C) lived next
to a farm where the father worked as a pig stockman.
Five members of that family developed gastroenteritis
caused by the same phage type (PT2) of VTEC 0157 but
with a distinct PFGE profile (Table 1). The asymptomatic
carrier was also a member of Family C and was found
positive for the same strain of VTEC O157. Three of
the six family members developed symptoms or were
tested positive for VTEC 0157 within a period of six
days (between 19 and 25 April 2007), the others later.
It could be assumed that these three cases were co-
primary cases and had the same environmental expo-
sure. Environmental sampling was not done because
the farm was private and it did not present risk to the
public. Consumption of a wild rabbit purchased from
a private source was a suspected risk factor for family
D. No food specimen was available to test this hypoth-
esis however. Possible sources of infection for family E
were unpasteurised cheese (which tested negative on
culture) and a friend with diarrhoea and vomiting who
had played with the five year-old index case.

Overall, this spatiotemporal cluster consisted of 12 lab-
oratory-confirmed cases and one asymptomatic carrier
from five families with isolates of E. coli 0157 (Table 1).
Four of the cases were linked to the open farm (Families
A and B), while in eight cases and the asymptomatic

FIGURE 2

carrier (Families C, D and E) there was no epidemiologi-
cal link to the farm (Figure 2). Nine of the cases were
children aged five months to 13 years. Five cases were
hospitalised: a six year-old child from Family B was
admitted with HUS, a 53 year-old secondary case from
Family C with severe diarrhoea, and three further cases
were admitted to hospital for overnight stays.

Laboratory confirmation of epidemiological
link with the open farm

Veterinary investigations yielded 17 presumptive E.
coli 0157 isolates from 83 samples taken. Fourteen
isolates were from adult sheep or lambs, including
lambs which had been bottle-fed by visitors. In addi-
tion, samples from one adult pig (out of three tested)
and two 4—6 month-old cattle (out of 17 tested) were
positive. Isolates from the two primary cases from
Families A and B who had visited the farm and the
two contacts from Family A were confirmed as E. coli
0157 phage type PT2 with genes for VT2 but not VT1.
The veterinary isolates were also VTEC 0157 PT2, VT2.
The PFGE profiles of the strains comprised at least 20
Xbal fragments. A single profile was seen in the iso-
lates from three human strains and all 17 animal iso-
lates. The profile of the isolate from the first primary
case had some evidence of one additional band in
the profile that was not present in the strain from his

Spread of verotoxin-producing E. coli O157 infection within households, eastern England, April-May 2007

Family A (Norfolk)

Family B (Lincolnshire)

Negative
contact

Negative
contact

Strain Index

Strain

B isi —
PT2 case Farm visit PT2
13.04.0
Negative 3.04.07
contact Negative
contact
Negative Negative
contact contact
Outbreak
Cluster

Family C (Norfolk)

Index
case
19.04.07

Negative
contact

Negative
contact

Secondary
case

Family D (Norfolk)

Index
case
22.04.07

Strain
PT21/28

Family E (Norfolk)

Index
case
10.04.07

Negative
contact

Negative
contact

Negative
contact

Strain
PT8
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contacts (Table 2). The variation was not considered
significant given that the strains were indistinguish-
able by other tests and their sources could be linked
epidemiologically.

Isolates of VTEC 0157, PT2, VT2 were also confirmed in
six members of Family C in Norfolk. PFGE showed that
the strain infecting this family differed by at least five
fragment positions (out of 20) from the farm-associ-
ated cases. Evidence from the Laboratory for Enteric
Pathogens database of profiles indicated that the
strains were genotypically distinct from those isolated
at the farm. This supported the view that these cases
were not linked to the farm or to the families that vis-
ited it.

VTEC O157 of phage types other than PT2 were isolated
from the other two Norfolk families (Table 1). Two iso-
lates from Family E were confirmed as belonging to
PT8, VT1 and VT2. A single isolate received from Family
D was PT21/28, VT2. Given the discrimination by phage
typing, none of the isolates was examined by PFGE.

Outbreak control measures

Initial outbreak control measures were instituted
as soon as an outbreak was identified and included
increased surveillance by raising awareness amongst
primary care staff, hospital clinicians and labora-
tories, and informing Health Protection Teams and

TABLE 2

Typing of isolates of verotoxin-producing E. coli O157 linked
to the open farm in Eastern England, April-May 2007

Presence of

verotoxin

Case/source of Phage Pulse field gel
specimen type iz by electrophoresis
polymerase
chain reaction
Profile 1
Family A, index case, 5 VT2 (possible extra
visited farm (Case 1) small fragment;
not significant)
Family A contact (Case 2) 2 VT2 Profile 1
Family A contact (Case 3) 2 VT2 Profile 1
Family B, index case, .
visited farm (Case 4) 2 VT2 Profile 1
Empty calf house 2 VT2 Profile 1
Calves 4—6 months-old 2 VT2 Profile 1
Pigs 2 VT2 Profile 1
Weaned lambs 2 VT2 Profile 1
Unweaned lambs .
(2—3 months-old) 2 VT2 Profile 1
Sheep house 1 2 VT2 Profile 1
Sheep house 2 2 VT2 Profile 1
Sheep house 3 2 VT2 Profile 1

VT: verotoxin.

Source: Laboratory of Gastrointestinal Pathogens, Centre for
Infections, Health Protection Agency, UK.
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Environmental Health Departments and general prac-
titioners in neighbouring counties. All cases were
followed up urgently by the Environmental Health
Departments for the area. Affected families were given
advice regarding hygiene measures to prevent second-
ary cases within households.

The OCT initially considered the option of temporarily
closing the farm to the public pending investigations.
However, any such formal enforcement action had to be
based on a risk assessment of the threat to the health
of the public. It was agreed at the time that the cases
in two unrelated families did not constitute a signifi-
cant risk, especially in view of the large number of visi-
tors to the farm during the perceived exposure period.
Furthermore, no immediate significant risks to public
health were identified during the OCT’s inspection
of the farm. It was therefore decided not to close the
farm, but following the advice of the OCT from 30 April
2007, the farm management (who were very coopera-
tive), took immediate measures to improve hand wash-
ing facilities and signage around the site. Separate and
identifiable areas were allocated for visitors to eat and
drink. Staff were briefed about the need for increased
hygiene and supervision of visitors, and the petting of
animals and bottle-feeding of lambs was suspended
voluntarily on a temporary basis. After confirmation of
positive animal specimens, access of the public to the
building housing most infected animals was restricted,
and the areas were emptied of livestock and cleaned
and disinfected thoroughly. These immediate meas-
ures were formalised on 4 May 2007 with the issuing
by the local authority of a statutory notice under the
Health and Safety at Work etc Act 1974 to require that
health and safety risk assessments be carried out. The
farm management complied with the notice by review-
ing and updating the risk assessment relating to the
visitor and animal contact activity, in accordance with
the Health and Safety Executive guidance [19] and
implementing the additional measures identified. The
newly introduced measures included improving visitor
information and leaflets. No further cases of VTEC 0157
infection in visitors were reported that year.

Discussion and conclusions

Exposure to livestock on open farms continues to pose
a threat to the general public and particularly to chil-
dren, and a number of outbreaks have been reported
from the UK [20-24]. In August and September 2009, an
outbreak of E. coli 0157 at Godstone Farm in England
involved 93 visitors [7]. Seventeen of the cases (all of
them children) were diagnosed with HUS. A review and
analysis of open farm outbreaks in England and Wales
over the period 1997-2007 has been presented by
Pritchard et al. [6]: VTEC 0157 was confirmed in 61.3%
of the investigated premises containing animals of vari-
ous species. E. coli 0157 was isolated in 17.8% of all
samples, and verotoxin genes were detected by PCR
in 98.4 % of representative isolates. The main phage
types were 2 and 21/28, which were also the most com-
mon types isolated from human cases during that 10



year period. The Health and Safety Executive guidance
advises farmers to assume that their animals carry E.
coli 0157 and to put control measures in place to mini-
mise the risk to visitors [19]. In the outbreak in 2007
described in this paper, results of phenotypic and
genotypic typing of isolates from farm visitors and live-
stock supported the epidemiological evidence that con-
tact with animals or their faeces was the source of the
primary infections.

In August 2008, a further case of VTEC 0157 with a link
to the same open farm was reported to the Norfolk,
Suffolk and Cambridgeshire HPU Norfolk office. The
isolate was PT21/28, a different strain from the one
isolated in in the outbreak in 2007 described here. The
index case was a seven year-old child who had most
probably acquired the infection from her 11 month-old
sibling whose stool was subsequently found positive
for 0157 and who had visited the open farm five days
before onset of symptoms. A further site visit found
that the recommendations from the previous year had
been fully implemented. The only further recommenda-
tion to the farm was to additionally warn visitors that
children aged two years or younger should be particu-
larly protected, as enforcing hygiene measures and
avoiding contact with the ground is particularly diffi-
cult in this age group.

This cluster of VTEC 0157 infections also highlighted
the risk of person-to-person spread of infection among
family members. The need for follow-up of cases and
enhanced advice on hygiene measures in the house-
holds to prevent secondary transmission should be
stressed, particularly since transmission can also occur
from asymptomatic cases [25]. The further case in 2008
highlights the difficulty of ensuring strict hygiene in
very young children. Such children are likely to have
direct contact with possibly contaminated ground, and
are also unlikely to be able to follow hygiene guidance.
They may also be in nappies, and contact with children
in nappies is a known risk factor for gastrointestinal
infection [13].

Multidisciplinary collaboration among the health pro-
tection, veterinary, environmental health and labora-
tory services was crucial for the prompt and successful
control of this cluster of VTEC 0157 infections. A par-
ticular issue faced by an OCT in this situation is the
lack of clarity surrounding the availability and use of
immediate formal action (if applicable) in the case of a
perceived risk to the public posed by a commercial busi-
ness. In this particular case, the OCT made a judgement
based on an on-site assessment that the farm did not
present a sufficient risk to the public to warrant tempo-
rary closure, and felt that the hazard from VTEC O157
could be controlled by risk management procedures
involving cooperation by the farm management with
immediate institution of improved safety measures.
The Health and Safety at Work etc Act 1974, together
with the associated guidance for open farms, gives a
framework for a statutory response to situations where

employees and/or visitors may be exposed to risks of
infection due to workplace activities. The outbreak at
Godstone Farm in 2009 highlighted the importance
of keeping public areas free from contamination with
animal faeces, providing information to the public, and
supervising children’s handwashing [7].

There is a need to proactively re-assess ongoing health
risks on open farms and ensure that control measures
are in place at all times but particularly during peak
holiday periods. Members of the public, particularly
parents and children, should be kept well informed
about the potential risks from zoonotic transmission of
diseases such as VTEC.

It should be emphasised, however, that the risk of
acquiring VTEC 0157 infection from open farms is mini-
mal compared with other hazards of daily life and that
open farms serve an important educational role and
are a major contributors to the tourism and leisure
industries.
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