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SUMMARY
Fifteen conﬁrmed cases and 15 possible cases of Shiga toxin-producing Escherichia coli (STEC)
O157 phage type 21/28 were linked to direct contact with lambs at a ‘Lambing Live’ event in the
North West of England between 29 March and 21 April 2014. Twenty-one (70%) of the cases
were female, 23 (77%) were children aged <16 years, of whom 14 (46%) were in the 0–5 years
age group. Five children developed haemolytic uraemic syndrome. Multilocus variable number
tandem repeat analysis (MLVA) proﬁles on 14 human cases were indistinguishable, and 6/10
animal isolates had a MLVA proﬁle identical to the outbreak proﬁle. Whole-genome sequencing
analysis revealed that all isolates, both human and animal, fell within a 5-single nucleotide
polymorphism cluster indicating the isolates belonged to the same point source. On inspection
of the premises, extensive and uncontrolled physical contact between visitors and animals was
occuring within the animal pens and during bottle-feeding. Public areas were visibly
contaminated with animal faeces. Information to visitors, and the infection control awareness
demonstrated by staff, was inadequate. Managing the risk to visitors of STEC O157 infection at
animal petting events and open farms requires implementation of stringent control measures by
the operator, as outlined in the industry code of practice. Enforcement action is sometimes
required to prevent high-risk activities taking place at both permanent and temporary attractions.
Key words: Gastrointestinal infections, public health microbiology, Shiga-like toxin-producing
E. coli, veterinary epidemiology and bacteriology.

I N T RO D U C T I O N
Shiga toxin-producing Escherichia coli (STEC) O157
cause gastrointestinal infections associated with a
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wide spectrum of symptoms ranging from mild, nonbloody diarrhoea, through bloody diarrhoea, to
haemolytic uraemic syndrome (HUS). Bloody diarrhoea is seen in 61% of cases of STEC O157 in
England and HUS develops in 5–15% of cases, varying by age and sex [1, 2]. Children aged <5 years are
the group most at risk of developing STEC-related
HUS [1, 2]. Humans with the infection can excrete
STEC O157 for several weeks, with excretion periods
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commonly lasting between 5 days and 1 month [3].
The incubation period (time between having contact
with an infectious agent and becoming symptomatic)
for diarrhoeal illness caused by infection with STEC
O157 is usually 3–4 days and seldom <1 day or >8
days, but has been as long as 14 days occasionally
[1, 3].
Diagnosis is made on the basis of faecal culture.
Phage-typing, multilocus variable number tandem repeat analysis (MLVA) and more recently, wholegenome sequencing (WGS), can be undertaken to
examine the relationship between isolates and inform
outbreak investigations [4–7]. In England, most cases
of STEC O157 are recorded as sporadic. The number
of cases involved in an outbreak is usually relatively
small, with an average of eight cases per outbreak [5].
STEC O157 is found in the gastrointestinal tract of
animals and is most frequently detected in cattle,
sheep and goats [8–10]. The most common transmission routes of STEC O157 infection in humans are
the consumption of contaminated food (e.g. inadequately cooked meat), faecal–oral spread from
humans already infected or contact with animals or
their environment. In April 2014 an outbreak of
gastrointestinal disease caused by STEC O157 was
linked to an animal petting event at a premises located
in the North West of England. These premises had no
permanent live animal attractions, but ran temporary
events on a seasonal basis including, in springtime, an
event called ‘Lambing Live’. The aim of this report is
to describe the outbreak and the public health and
microbiological investigations, emphasizing the risks
associated with such an event, and to provide examples of how the risks were mitigated.

METHODS
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April 2014. Case-ﬁnding was initiated by alerting
General Practitioners across Lancashire and microbiology departments at local hospitals. Cases, or
their family, were interviewed by environmental
health staff using the standardized STEC Enhanced
Surveillance Questionnaire (https://www.gov.uk/
government/uploads/system/uploads/attachment_data/
ﬁle/323423/VTEC_Questionnaire.pdf) to collect demographic and clinical data, and information about potential exposures and sources of infection.
The following case deﬁnitions were used:
. A conﬁrmed case visited, or worked at, the premises
between 29 March and 21 April 2014 and had
STEC O157 isolated from a faecal specimen, or
had HUS along with serological evidence of infection with STEC O157.
. A possible case visited, or worked at, the premises
between 29 March and 21 April 2014, had gastrointestinal symptoms, but either did not submit a faecal specimen for microbiological testing or their
faecal specimen tested negative for STEC O157.

Veterinary and environmental investigation
From 18 April environmental investigations were carried out by the local authority environmental health
team (EHT) and the CLPHEC HPT on a daily basis
The veterinary investigation was undertaken by
colleagues from the Animal Health and Veterinary
Laboratories Agency (AHVLA) based in Thirsk accompanied by environmental health staff from the
EHT on 24 April 2014. Colleagues from AHVLA collected and tested 32 freshly voided ﬂoor faecal samples
from lambs, and three samples of dried pony faeces
using immunomagnetic separation culture methodology [11].

Epidemiological investigation
The index case, an 8-year-old child, was reported
by the clinical microbiologist at the local hospital to
the Health Protection Team (HPT) at Cumbria
and Lancashire Public Health England Centre
(CLPHEC) on 17 April 2014. The family of the
child were interviewed and it was identiﬁed that the
child had visited the ‘Lambing Live’ event during
their incubation period, where they had direct contact
with lambs. On 21 April 2014, CLPHEC were notiﬁed
of a second case of presumptive STEC O157 in a
2-year-old with HUS. The family conﬁrmed that the
child had visited the ‘Lambing Live’ event on 9

Microbiological investigations
Serum specimens were sent to Gastrointestinal
Bacteria Reference Unit (GBRU) at Public Health
England (PHE), Colindale for the detection of antibodies to the lipopolysaccharide of E. coli O157 [12].
Faecal specimens were submitted to the local or regional hospital microbiology laboratories. Isolates of
STEC O157 from locally tested specimens were submitted to GBRU for conﬁrmation and typing. At
the time of the outbreak, all isolates of STEC O157
submitted to GBRU were typed using MLVA as
described previously [5] and WGS, for comparison
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purposes. Isolates with identical MLVA proﬁles, or
with proﬁles that differed at one locus [single locus
variant (SLV)], were considered to be microbiologically linked. Double locus variants (DLVs) were considered to be part of the outbreak only if an
epidemiological link existed.
For WGS, DNA was extracted from cultures of
STEC O157 for sequencing on the Illumina HiSeq
2500 instrument as described previously [6]. Highquality Illumina reads were mapped to the STEC
O157 reference genome Sakai (Genbank accession no.
BA000007) using BWA-MEM [13]. Single nucleotide
polymorphisms (SNPs) were then identiﬁed using
GATK2 [14] in uniﬁed genotyper mode. Core genome
positions that had a high-quality SNP (>90% consensus,
minimum depth 10×, genotype quality 530) in at least
one strain were extracted and RaxML [15] used to derive the maximum-likelihood phylogeny of the isolates.
Genomes were compared to the sequences held in
the PHE STEC O157 WGS database. This database
comprises genomes from more than 1500 cultures of
STEC O157 submitted to GBRU between 1982 and
2015. The majority of isolates were from human
cases in England reporting domestically acquired infection, although cases associated with foreign travel
and isolates from domestic cattle were also included.
Isolates of STEC O157 with <5 SNP differences within their core genome are considered closely related and
likely to have an epidemiological link [6]. Hierarchical
single linkage clustering was performed on the pairwise SNP difference between all isolates at various distance thresholds (Δ250, Δ100, Δ50, Δ25, Δ10, Δ5, Δ0).
The result of the clustering is a SNP address that can
be used to describe the population structure based on
clonal groups [6]. Although isolates >5 SNPs apart are
unlikely to be part of the same temporally linked outbreak, deeper phylogenetic relationships within the 10
or 25 SNP clusters may provide epidemiologically useful information or associations. FASTQ sequences
were deposited in the NCBI Short Read Archive
under BioProject PRJNA248042.

R E S ULTS
Epidemiological investigations
There were 15 conﬁrmed cases and 15 possible cases of
STEC O157 PT21/28 linked to the ‘Lambing Live’
event, and 18 different households were affected. Of
the 30 cases, 29 were visitors to the event and one
case worked at the premises and had helped with

event. Twenty-one (70%) of the cases were female
and nine (30%) were male. There were seven adults
and 23 (77%) children aged <16 years of whom 14
(46%) were in the 0–5 years age group. Five children,
all aged 2–9 years, developed HUS, of whom three
required renal dialysis. There were no fatal cases.
The ‘Lambing Live’ event took place between 29
March and 21 April 2014. All conﬁrmed cases visited
or worked at the site between 8 and 19 April 2014. All
the cases became symptomatic between 11 April and 1
May 2014 (Fig. 1) and between 3 and 14 days after
visiting or working at the event. As all the cases visited
the premises and became unwell during the accepted
incubation period for STEC O157 (i.e. 1–14 days), it
was not possible to determine which cases were primary (i.e. their infection was acquired at the lambing
event) or secondary (i.e. their infection was acquired
via person-person contact).
The EHT and the HPT identiﬁed several deﬁciencies in cross-infection control and evidence that the
standards of infection control outlined in the industry
code of practice [16] had not been adopted, resulting
in a failure to adequately control the risk of zoonotic
infection to members of the public visiting the premises. Transmission of faecal matter between lambs
and visitors was likely to have occurred during the extensive and uncontrolled physical contact between
visitors and animals within the animal pens and during bottle-feeding. Public areas, including the handwashing facilities, were visibly contaminated with
animal faeces. Information to visitors, staff supervision and the infection control awareness demonstrated
by staff was also deemed to be inadequate. Management at the venue were informed of the failures on
18 April 2014 and the proprietor agreed to correct
the deﬁciencies by implementing the recommendations outlined in the industry code of practice [16].

Microbiological investigation of human and animal
faecal specimens
Twenty-three human cases submitted a faecal specimen for microbiological testing, including three
cases who also submitted a serum sample. One case
submitted a serum sample only. STEC O157 was isolated from 14/23 specimens. One case was faecal culture negative but had HUS and showed serological
evidence of recent infection with E. coli O157. The
remaining eight samples were negative for STEC
O157. STEC O157 was isolated from 10/35 animal
faecal samples.
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Fig. 1. Distribution of symptomatic STEC O157 cases (n = 29) by date of symptom onset during an outbreak associated
with a Lambing Live event in Lancashire, April–May 2014.

The 14 isolates from human cases and 10 from the
lambs were conﬁrmed as STEC O157 PT21/28 at
GBRU. MLVA proﬁles on the 14 human cases were
indistinguishable (identical or one SLV) (Table 1).
MLVA was available for 7/10 animal isolates; six
had a proﬁle identical to the outbreak proﬁle
(8-2-15-5-9-3-7-8) and one had a DLV of the outbreak
proﬁle (8-10-14-5-9-3-7-8).
WGS of 13 human and 10 animal isolates showed
that they all fell within a 5-SNP cluster (Table 1,
Fig. 2). Previous analysis has shown that isolates of
STEC O157 that fall within the same 5-SNP cluster
are likely to be linked to same point source [6]. The closest isolate in the PHE WGS database was 18 SNPs different, a sporadic case from 2014. Seven of the animal
isolates had a SNP not shared with any of the human
cases (lambs 3–10), whereas all the SNPs in the remaining two animals (lambs 1 and 2) were also present in all
human isolates (Fig. 2). Six children had isolates that
had 0 SNP difference from these two animals (cases
E, H, I, K, L, M) (Table 1, Fig. 2). Seven human isolates had 1 SNP not shared by any of the animals
(cases B, C, D, F, G, J, N), and these isolates are likely
to represent unsampled diversity in the lambs handled
by these cases at the event (Table 1, Fig. 2).
In addition to the cases described above, one case
(case S1 in Table 1) reported in May 2014 had an

identical SNP address to the outbreak proﬁle. This
case did not visit the ‘Lambing Live’ event associated
with this outbreak but did report handling lambs at a
different lambing event (lambing event 2), which was
located ∼4·5 km from the premises where the ‘Lambing Live’ event took place. Investigations revealed that
the lambs associated with the ‘Lambing Live’ event
originated from a different, geographically remote
farm from the lambs at lambing event 2. Case S1
lived ∼5 km from the farm that supplied the lambs
to ‘Lambing Live’ and although she did not report
having any contact with the lambs there, given the
proximity of her residence, it is possible that she had
contact with their environment. Despite not being
able to clearly identify a common source, there are
temporal, geographical and exposure similarities and
the WGS data indicated a common origin for the isolate from the sporadic isolate and the outbreak isolates was highly likely. The link could be explained
by movement of lambs between suppliers prior to
both of the lambing events or contact with a contaminated environment.

D I S C US S I O N
Open farms and animal contact activities are known
to present a risk of STEC O157 infection [11, 17–
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Table 1. Summary of the typing data relating to the human and animal isolates described in this study
Case identiﬁer
Human cases linked to the Lambing Live event
A
B
C
D
E
F
G
H
I
J
K
L
M
N
Sporadic case (lambing event 2)
S1
Animals linked to the Lambing Live event
Lamb 1
Lamb 2
Lamb 3
Lamb 4
Lamb 5
Lamb 6
Lamb 7
Lamb 8
Lamb 9
Lamb 10

Age, yr

Sex

MLVA

SNP address

8
3
21
4
6
23
2
3
7
13
6
1
3
9

F
F
F
M
F
M
M
F
F
F
F
F
F
F

8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-1-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-10-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-1-15-5-9-3-7-8

Not available
4-4-4-611-879-921-1313
4-4-4-611-879-921-2194
4-4-4-611-879-921-1924
4-4-4-611-879-921-1111
4-4-4-611-879-921-1978
4-4-4-611-879-921-1491
4-4-4-611-879-921-1111
4-4-4-611-879-921-1111
4-4-4-611-879-921-1924
4-4-4-611-879-921-1111
4-4-4-611-879-921-1111
4-4-4-611-879-921-1111
4-4-4-611-879-921-1924

6

F

8-2-15-5-9-3-7-8

4-4-4-611-879-921-1111

8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
8-2-15-5-9-3-7-8
Not available
8-2-15-5-9-3-7-8
8-10-14-5-9-3-7-8
Not available
Not available

4-4-4-611-879-921-1111
4-4-4-611-879-921-1111
4-4-4-611-879-921-1075
4-4-4-611-879-921-1315
4-4-4-611-879-921-1097
4-4-4-611-879-921-1488
4-4-4-611-879-921-1075
4-4-4-611-879-921-1075
4-4-4-611-879-921-1075
4-4-4-611-879-921-1315

MLVA, Multilocus variable number tandem repeat analysis; SNP, single nucleotide polymorphism.

20]. In England, managing this risk is the legal responsibility of the farm or site operator and they should
adhere to the guidance laid out in the industry code
of practice [16]. This guidance applies to both temporary and permanent attractions and, when correctly applied, will help to mitigate the risks.
Despite the guidance and support available, standards vary between premises. The cause of this outbreak was through contact with lambs, lamb faeces
and an environment contaminated with STEC O157
at the lambing event. Outbreaks of STEC O157 speciﬁcally linked to direct contact with lambs have
been described previously [17, 19]. The outbreak investigation concluded that high-risk activities and
deﬁciencies in infection control at the ‘Lambing
Live’ event had resulted in a high risk of infection to
members of the public. This included children having
access to pens where the lambs were housed, and the
lambs being moved from pens to public areas in
order for bottle-feeding to take place. If visitors
come into contact with contaminated environments,

there is a greater reliance on secondary control measures, such as hand washing. During the ‘Lambing
Live’ event the EHT and the veterinary investigation
ofﬁcer found that equipment such as lamb-feeding
bottles were being washed using the hand-washing facilities used by visitors, further increasing the risk of
contamination.
Eight of the cases were children that attended nurseries, which are regarded as high-risk settings for secondary cases due to the potential for person-to-person
transmission. A strict policy of exclusion and clearance sampling ensured that no secondary cases occurred in these nursery settings or in any other
high-risk settings such as food premises.
Both MLVA and WGS analysis provided evidence
that the human and animal isolates were genomically
linked, although WGS data had a higher level of
strain discrimination than MLVA. WGS analysis
showed that the human cases were infected with isolates belonging to a subset of the diversity of the isolates detected in the lambs. The meaning of this
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Fig. 2. Maximum-likelihood phylogeny of the isolates from cases and animals (see Table 1 for details).

variation is unclear, as it may result from speciﬁc
lambs (lambs 1 and 2) being the source of the transmission event or may represent unsampled isolate diversity in either the animals or the human cases.
Previous analysis of WGS of STEC O157 from
human and animal isolates during a petting farm outbreak in the South East of England in 2009 showed
that the isolates differed by 4 SNPs [21]. These authors
concluded that this diversity was due to the clonal expansion of a dominant strain via widespread distribution of animal faeces or by multiplication of the
outbreak strain in the enviroment prior to the outbreak. A similar level of diversity was observed in
both the human and animal isolates sequenced during
the outbreak described in the present study.
Despite the higher level of within-outbreak strain
diversity exhibited by WGS, variation in the MLVA
proﬁles (SLVs and one DLV) was observed between
isolates that had identical SNP addresses (Table 1).
This occurs because SNPs (used in WGS analysis)
and the polymorphisms of tandemly repeated DNA

sequences (used in MLVA) are different biological
processes occuring at different rates, possibly under
different selection pressures. Previous comparisons
of MLVA and SNP analysis during outbreaks have
shown that the SNP address is a more robust
marker for deﬁning an outbreak than the MLVA
proﬁle [6, 7, 22].
Currently, the cost of WGS one bacterial isolate
in-house in the Genome Service & Development
Unit at PHE is £55·00, and this compares favourably
to the cost of the battery of phenotypic (biochemistry,
serology, phage-typing and antimicrobial resistance
typing) and molecular (PCR, pulse-ﬁeld gel electrophoresis and MLVA) tests required to obtain a similar
level of typing data from traditional methods. Since
June 2015, all isolates of STEC O157 submitted to
GBRU are analysed using WGS for routine public
health surveillance and outbreak detection and
investigation.
Animal petting events and open farms provide education and enjoyment to large numbers of visitors
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every year. Managing the small risk to visitors of
STEC O157 infection requires implementation of
stringent control measures by the farm operator, as
outlined in the industry code of practice and consultation with specialist agencies, including local
authority environmental health teams. The risk of
cross-infection to members of the public cannot be entirely eliminated and in instances of non-compliance
enforcement action may be required to prevent higrisk activities taking place at both permanent and temporary attractions.
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