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Surveillance and outbreak report
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The first documented British outbreak of Shiga toxin-
producing Escherichia coli (STEC) O55:H7 began in the 
county of Dorset, England, in July 2014. Since then, 
there have been a total of 31 cases of which 13 pre-
sented with haemolytic uraemic syndrome (HUS). The 
outbreak strain had Shiga toxin (Stx) subtype 2a asso-
ciated with an elevated risk of HUS. This strain had 
not previously been isolated from humans or animals 
in England. The only epidemiological link was living in 
or having close links to two areas in Dorset. Extensive 
investigations included testing of animals and house-
hold pets. Control measures included extended 
screening, iterative interviewing and exclusion of 
cases and high risk contacts. Whole genome sequenc-
ing (WGS) confirmed that all the cases were infected 
with similar strains. A specific source could not be 
identified. The combination of epidemiological investi-
gation and WGS indicated, however, that this outbreak 

was possibly caused by recurrent introductions from 
a local endemic zoonotic source, that a highly similar 
endemic reservoir appears to exist in the Republic of 
Ireland but has not been identified elsewhere, and 
that a subset of cases was associated with human-to-
human transmission in a nursery.

Introduction
Shiga toxin-producing Escherichia coli (STEC) is known 
to cause self-limiting diarrhoeal illness, sometimes 
bloody diarrhoea and complications such as haemor-
rhagic colitis and haemolytic uraemic syndrome (HUS) 
[1-3]. STEC O157:H7 is the most common serotype in 
England while the incidence of non-O157 STEC sero-
types such as O26, O45, O103, O111, O121 and O145, 
some of which have been implicated in a number of 
outbreaks internationally [4-8], may be under-reported 
in the English national surveillance system run by 
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Public Health England (PHE). This is due to the lack of 
general applicability of current culture-based detection 
methods [9,10].

The signal
PHE South East Centre was notified in July 2014 of 
two children with HUS in the county of Dorset. Further 
cases, all living in Dorset, were identified during the 
following months, including an outbreak at a nursery. 
Faecal specimens tested at the local hospital labora-
tory were negative for STEC O157. Further testing at the 
Gastrointestinal Bacterial Reference Unit (GBRU) PHE, 
Colindale, London, identified the causative organism 
as STEC O55:H7 which carried the Shiga toxin gene 
(stx2) and the intimin-encoding gene eae (E. coli attach-
ing and effacing). The combination of these virulence 
genes is associated with an elevated risk of HUS [11]. 
Phylogenetic analysis using whole genome sequencing 
(WGS) has indicated STEC O55:H7 to be the ancestor of 
the highly pathogenic clone STEC O157:H7 [12].

The reference laboratory in the Republic of Ireland (ROI) 
routinely send a sub-set of non-O157 STEC to GBRU for 
serotyping. A search of GBRU’s database, following 
detection of the STEC non-O157-related HUS cases in 
Dorset, revealed that nine cases of STEC O55:H7 had 
occurred in ROI between 2012 and 2014. However, 
prior to July 2014 STEC O55:H7 had not been isolated 
from human cases or animals in England. The outbreak 
starting in July 2014 was, therefore, the first known 
outbreak in England of STEC O55:H7 causing severe 
illness. Apart from human-to-human transmission, 
we considered three competing hypotheses based on 
established [13] STEC O55:H7 transmission pathways: 
(i) consumption of contaminated food or drinking 
water; (ii) specific recreational or environmental expo-
sure; (iii) epizootic vector and/or general environmen-
tal contamination. The objectives of our investigation 

were case finding, investigating the source and con-
trolling the outbreak.

Methods

Epidemiological investigations

Case definitions
A confirmed case was defined as an individual with 
STEC O55:H7 identified by culture from a faecal speci-
men or with antibodies to the lipopolysaccharide (LPS) 
of E. coli O55 identified by serology, and having spent 
time in Dorset in the 14 days before onset, between 
June 2014 and September 2015. A second inclusion 
criterion of being within 5 single nucleotide polymor-
phisms (SNPs) of the outbreak strain, where WGS was 
available, was added on 1 October 2015 to increase the 
specificity of the case definition by requiring genetic 
relatedness between isolates. Confirmed cases were 
further categorised as either symptomatic (with symp-
toms of gastrointestinal disease, haemorrhagic coli-
tis, HUS or thrombotic thrombocytopenic purpura) or 
asymptomatic. Probable cases were individuals with 
the symptoms listed above and an epidemiological link 
to a confirmed case, or nursery cases who were culture 
negative on screening but eae positive on PCR.

Case finding is described under microbiological inves-
tigations, below.

Exposure histories
National enhanced surveillance for STEC at PHE 
includes collection and analysis of standardised micro-
biological, demographic, clinical, and exposure data 
on all cases [10]. We extended the questionnaire [14] 
to collect detailed histories from symptomatic cases 
about places visited, activities undertaken and food 
consumed in the 14 days before symptom onset. This 

Figure 1
Confirmed cases of Shiga toxin-producing Escherichia coli 055:H7, Dorset, July 2014−September 2015 (n=31)
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was an extension of the usual 7-day period used for 
STEC O157 investigations since the incubation period 
for STEC O55 is unknown and we wanted to identify all 
potentially important exposures. Asymptomatic cases 
were also followed up using the same enhanced ques-
tionnaire with a focus on activities during the period 
beginning 14 days before the onset of symptoms of the 
associated primary, symptomatic case.

We used an iterative re-interviewing process, re-
contacting previous cases for direct questioning on 
all new exposures that were reported by later cases. 
Re-interviews included extended food consumption 
histories, review of one-month shopping history and 
exposure to local events, venues, the outdoor envi-
ronment, animals and pet food. Staff and parents in a 
nursery cluster completed a questionnaire on illness, 
nursery attendance, activities and staff roles.

We undertook network mapping to visualise any com-
mon exposures between cases using i2 Analyst’s 
Notebook (IBM Corporation, New York, United States 
(US)).

Environmental investigations

Food, water, environmental and animal samples
Environmental Health Officers (EHOs) inspected and 
collected food, water and environmental samples from 
venues visited by cases which included a restaurant 
chain, mobile food vendor, public gardens and a lily 
pond. Additional environmental samples were collected 
using standard samples and swabs, faecal pots and 
‘boot socks’, a previously described method of sample 
collection originally conceived to detect Campylobacter 
present in the environment [15]. These additional sam-
ples were collected from cases’ gardens, parks and 
other outdoor areas visited them, bird sanctuaries and 
local cattle grazing areas. Flood prone areas were also 
targeted, focusing on areas with wildlife activity and 
those downstream of cattle populations, as identified 
by agricultural census data. Waterways and surface 
water runoff were sampled by the national Environment 
Agency Wessex office, Blandford, Dorset.

After a positive cat faecal sample had been obtained, 
we retrospectively collected faecal specimens from 
pet dogs and cats of all cases from July 2014 onwards. 
Seventeen faecal specimens were taken from goats, 
cattle and horses at a petting farm, where a veterinary 
risk assessment was undertaken.

Food chain analysis
The Food Standards Agency (FSA) carried out supply 
chain investigations linked to food consumed by cases 
and pets. Not all food consumed was traced back; 
instead the focus was on identifying retail distribution 
local to the Dorset area that differed from supply to the 
rest of the country.

Figure 2
Maximum likelihood phylogeny of STEC O55:H7 isolates 
showing the monophyletic cluster associated with the 
outbreak cases and closely related strains from the 
Republic of Ireland
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Hydrological analysis
We identified the dates of flooding from online media 
reports for the period December 2014 to September 
2015 for a stream that flows through a popular public 
garden before discharging into the sea in Bournemouth. 
Additional theoretical flooding events in this period 
were identified from the 99th percentile of the distribu-
tion of measured stream depth data but for which there 
were no online media reports. For primary cases, resi-
dent in or having visited Bournemouth before illness, 
we calculated the delay between the dates of flooding 
events and symptom onset to identify plausible tempo-
ral associations between flooding and illness.

Microbiological investigations

Case finding
Prior to the identification of STEC O55:H7 as the aetio-
logical agent of this outbreak, serum samples from 
initial cases with HUS that were culture negative for 
STEC O157 were assessed for the presence of anti-
bodies to the LPS of non-O157 serogroups (O26, O55, 
O103, O111, O128 and O145) at GBRU in PHE Colindale 
[16]. Faecal specimens were tested using PCR [17] at 
GBRU for the presence of stx genes and cultured on 
MacConkey, Sorbitol MacConkey (SMAC) and cefixime-
tellurite SMAC (CTSMAC) agar. For all positive speci-
mens, 10 colonies were retested using the same PCR. 
Those colonies testing positive for stx were identified 
biochemically, serotyped and characterised by addi-
tional PCR assays [17]. STEC guidelines [18] recom-
mend testing faecal specimens for non-O157 STEC from 
HUS patients, cases of bloody diarrhoea where STEC 
is suspected, and stx PCR-positive faecal specimens 
at the local hospital laboratory. All close contacts of 
cases were screened via testing of serum and/or faecal 
specimens, including all children and staff in a nursery 
cluster.

From December 2014 to January 2015 and again from 
June 2015, active case finding included screening of 
faecal specimens from all individuals with bloody diar-
rhoea by Dorset laboratories, with prospective referral 
of negative specimens to GBRU for additional testing. In 
August 2015, enhanced testing was introduced in one 
Dorset laboratory and by October 2015, this was rep-
licated in the remaining two laboratories and the PHE 
Specialist Laboratory in Southampton. This involved 
a 12-week extended testing regime, which analysed 
specimens from both primary and secondary care, with 
all diarrhoeal specimens tested using an additional 
MacConkey Agar with Sorbitol (SMAC) agar plate. Any 
non-sorbitol fermenting isolates of E. coli were sent to 
GBRU for further characterisation and typing.

Food, water and environmental specimens
Animal faecal specimens were analysed by GBRU using 
the same protocol as for human faecal specimens. All 
other samples were analysed by PHE’s Food, Water 
and Environmental (FWE) Microbiology laboratories. 
At FWE, real-time PCR was used to examine samples 

for the presence of STEC based on CEN/ISO TS 13136 
[19]. Water samples (up to 1 L) were filtered and filtrates 
enriched in 100 mL Modified Tryptone Soya Broth 
(mTSB). Bootsocks were immersed in 250 mL mTSB 
and swabs were immersed in 90 mL mTSB. Enrichment 
broths that were PCR-positive for stx were sub-cultured 
onto MacConkey and SMAC agar and up to 50 colonies 
retested using the same PCR assay. Any STEC strains 
isolated were sent to GBRU for further characterisation.

Whole genome sequencing
All isolates of STEC O55:H7 from this outbreak cul-
tured from 24 human and two animal faecal specimens 
together with 11 background STEC O55:H7 isolates 
from ROI contained within the PHE archive were whole 
genome sequenced by PHE Genome Sequencing Unit 
using Nextera library preparation on the Illumina HiSeq 
2,500 run in fast mode according to the manufacturers’ 
instructions [20]. All sequences were mapped against 
the sequence of the E. coli O55:H7 reference strain 
CB9615 (GenBank accession number: CP001846.1) 
using BWA-MEM [19]. SNPs were identified using GATK2 
[21] in unified genotyper mode. Core genome positions 
that had a high quality SNP (> 90% consensus, mini-
mum depth 10x, MQ ≥ 30) in at least one strain were 
extracted and RaxML [21] used to derive the maximum 
likelihood phylogeny of the isolates under the GTRCAT 
model of evolution. FASTQ reads from all sequences 
in this study can be found at the PHE Pathogens 
BioProject at the National Center for Biotechnology 
Information (accession number: PRJNA315192).

International investigations
The public health team in the ROI administered the PHE 
STEC questionnaire to earlier Irish cases and provided 
additional information on demographics and shared 
exposures of these cases. Postcodes of the primary 
cases in Dorset and the counties where infected indi-
viduals reside in ROI were taken as points of reference 
to examine both large scale migration and smaller 
regional movements of different migratory bird species 
using the British Trust for Ornithology mapping tool 
[22]. Live cattle movements between ROI and Dorset in 
2013 and 2014 were mapped by date of movement and 
the postcode of the recipient farms/markets.

Results

Epidemiological investigation
From July 2014 to September 2015 we identified 31 
confirmed cases; 28 were associated with six epide-
miological clusters (Table), with one cluster (family 
B) arising due to two (co)primary cases with symptom 
onset on the same day. Symptom onset was seasonal, 
occurring between July and November 2014 and May to 
September 2015 (Figure 1). There were three probable 
cases associated with the nursery and no probable 
community cases.

Of 21 cases symptomatic with HUS, bloody diarrhoea or 
diarrhoea (21/31), 18 were confirmed on faecal culture 
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and three by serology. Of the 10 asymptomatic cases 
(10/31), six were culture-positive and four were identi-
fied by serology. Twenty of the 31 cases were children, 
16 were below the age of 5 years and 11 of the 20 chil-
dren developed HUS (Table). Across all cases, HUS was 
more common (13/31) than expected for STEC O157 
(172/3,323; 5%, chi-squared p < 0.0001) [2].

The network analysis revealed nine of the 10 (co)pri-
mary cases had domestic contact with cats (5/10) and/
or dogs (5/10). In addition to domestic animal con-
tact, the only common factor among the (co)primary 
cases was residing in or around, or having links to, 
Bournemouth and Weymouth in Dorset.

Nursery cluster
Twelve cases (of whom six were symptomatic) were 
associated with a nursery (Figure 1, Table), including 
staff, children and their household contacts. Twelve 
staff members in the nursery responded to the staff 
questionnaire (12/30), revealing a history of diarrhoea 
in three screen-negative staff in the previous month 
including one with a family connection to a confirmed 
case. Questionnaires on nursery children had a poor 

response rate of 14% but identified a child that may 
have been previously symptomatic. Six cases in chil-
dren (two symptomatic) were identified from the 99 
of 112 staff members and children screened. An addi-
tional three children were identified who were culture-
negative but PCR positive for the eae (intimin) gene 
only, meaning they were defined as probable cases at 
the point of screening. One of these three children had 
been previously symptomatic and had a delay of ten 
days between symptom onset and specimen collection.

The delay between symptom onset and specimen col-
lection for the confirmed nursery cases ranged from 0 
to 9 days (mean: 5 days). The optimum time for testing 
is as soon as possible after onset however 5 days is 
still a satisfactory timeframe as PCR is able to detect 
dead bacteria. The investigation did not reveal any 
possible food or environmental sources of transmis-
sion at the nursery and no epidemiological links were 
identified between the primary nursery and primary 
community cases.

Figure 3
Map of Dorset cattle density, major rivers, flood zones and (co) primary cases’ postcodes, outbreak of Shiga toxin-producing 
Escherichia coli 055:H7, Dorset, July 2014−September 2015
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Environmental investigation

Food, water, environmental and animal samples
No STEC O55:H7 was isolated from over 100 food, water 
and environmental samples or from 17 animal samples 
from the petting farm. STEC O55:H7 was isolated from 
a cat faecal specimen, taken from a concrete path out-
side the home of the primary case in Family C (Case 
22). The pet cat of this household had been ill but 
tested negative. All pets of (co)primary cases tested 
retrospectively following this finding yielded negative 
results but the faeces of a symptomatic pet cat, tested 
prospectively, was positive for STEC O55:H7. This cat 
belonged to case 26, who was not associated with an 
epidemiological cluster, and the cat’s illness preceded 
symptom onset in the case. These two positive cat 
specimens were taken ca 4.5 km and two months apart.

Food chain analysis
The food chain analysis did not identify any prod-
uct lines that were sourced specifically for retailers 
in the Dorset area. No links were identified between 
the premises investigated, including two nurseries, 
two petting farms, a local butcher, an abattoir, a café, 
takeaway restaurants, mobile food vans and a national 
chain of restaurants. There were no significant com-
monalities between food items consumed by the pets 
and all pet food brands reported had national distribu-
tion networks.

Hydrological data analysis
Four media reports of flooding events and two addi-
tional theoretical flooding events were identified dur-
ing the period from December 2014 to September 2015. 
After excluding one theoretical event which occurred 
during January 2015 when there were no cases, the 
remaining five flooding events occurred 1–9 days 
(median: 8 days) before symptom onset among five 
of the six (co)primary cases linked to Bournemouth. 
Three of these cases reported having visited the public 
gardens and/or Bournemouth beach in their exposure 
histories.

Microbiological investigation

Case finding
The outbreak strain cultures were serotyped as 
STEC O55:H7, tested positive for the presence of eae 
(intimin), had a stx subtype profile that was stx2a only 
and appeared as non-sorbitol fermenting colonies on 
SMAC but failed to grow on CTSMAC. Only one case 
(Case 26, who was not associated with any epide-
miological cluster) was identified from the extended 
screening of 4,200 bloody diarrhoea specimens. 
Clearance for most cases was between 7 and 84 days 
(mean: 43 days) however STEC O55:H7 continued to be 
detected in the faeces of an asymptomatic 7-year old 
case for 10 months.

Whole genome sequencing
All Dorset isolates from 24 cases and two cats were 
similar to each other forming a distinct clade within five 
SNP differences of the outbreak strain of STEC O55:H7. 
They were very similar (1–12 SNPs) to six Irish isolates 
(five were within 5 SNPs) from 2013 to 2014 but rela-
tively distant (> 250 SNPs) from the five earlier Irish iso-
lates. Isolates linked to the nursery were more closely 
related to each other than to isolates from the earlier 
cases in 2014 (Figure 2). Despite a period of almost 
4 weeks between symptomatic cases in the nursery, 
phylogenetic analysis showed the isolates from three 
cases from weeks 47 and 48 in 2014 were identical to 
the isolate from the case identified in week 43, consist-
ent with human-to-human transmission. Case 1 and the 
primary nursery case (Case 5) were diagnosed by serol-
ogy therefore no isolate was available for sequencing.

International investigations

Other STEC O55 isolates
All Irish cases were living in counties along the east 
coast and there were no common exposures between 
previous Irish cases occurring during 2012–14. There 
were no epidemiological links between the Dorset 
cases and the Irish cases. With the exception of the 
isolates from ROI, other STEC O55 isolates reported 
elsewhere in Europe in 2014 had different microbio-
logical characteristics than the Dorset cluster (differ-
ent serotype, stx profile and ability to ferment sorbitol) 
thus were not included in this investigation. There were 
three E. coli O55 cases elsewhere in England reported 
during the period of the outbreak who did not meet the 
outbreak case definition. One was STEC O55:H9 stx2d, 
another was a returning traveller who had positive 
serology only for E. coli O55 and therefore the strain 
could not be identified whilst the third case was STEC 
O55:H7 but was 10 SNPs apart from the outbreak WGS 
cluster and had no epidemiological link to Dorset.

Animal movement
Bird populations remained constant in the south west 
and south east England from 2013 to 2015, suggest-
ing no new risks. Teal and black-headed gulls were 
the only species identified where there was signifi-
cant level of movement between ROI, south England 
and Europe. Black headed gulls are common in Great 
Britain and there are large colonies along the south 
and east coasts of England.

A total of 1,149 cattle from ROI were moved to 69 sepa-
rate premises in Dorset in the two year period between 
2013 and 2014. These premises are located mainly 
in the north and west of the county, away from, but 
upstream of, the residences of (co)primary cases in the 
south of the county near the coast (Figure 3).

Control measures and communication
We managed cases and contacts using national STEC 
guidance [18], including appropriate exclusion from 
work, school or childcare of confirmed cases and 
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contacts at increased risk of transmission, until shown 
microbiologically to have cleared the infection [18]. We 
provided advice on hand and food hygiene together 
with guidance on environmental cleaning and disin-
fection to cases and contacts and to venues such as a 
petting farm, nursery and schools. Staff and children 
were screened at the nursery; a measure that is not in 
the national guidance but has been used in other out-
breaks [23]. In total, eight children were excluded for a 
period of time ranging from 7 to 84 days until microbio-
logical clearance.

The nursery with the cluster of cases closed voluntar-
ily on 26 November 2014 to facilitate screening of staff 
and children and deep cleaning of the premises.

Proactive public messages initially focused on basic 
infection control measures but became more specific, 
advising people to be extra vigilant with hand hygiene 
before preparing food and after contact with pets and 
animals. In response to widespread media interest, 
including coverage criticising PHE’s handling of the 
outbreak, the regional BBC Health Correspondent was 
offered a full access briefing including a visit to PHE 
laboratories. This resulted in factually accurate report-
ing and reiteration of the public health messages in a 
BBC television documentary in November 2015, with 
content promoted on its Facebook page [24].

Discussion
In addition to being the first recorded outbreak of STEC 
O55:H7 in England, striking features of the outbreak 
include its seasonality, the high proportion of cases 
developing HUS (13/31) compared with the background 
rate for STEC O157 (5%) [2] and the geographical com-
ponent linking all (co)primary cases to Bournemouth 
and Weymouth in Dorset. Evidence of human-to-human 
transmission of STEC O55:H7 within the nursery cluster 
was shown by the propagated epidemic curve and WGS 
with cases in this cluster forming a largely homogenous 
monophyletic sub-cluster among isolates in the out-
break as a whole. Overall, isolates showed more diver-
sity than would be expected in a STEC point-source 
outbreak [25]. The genetic similarity between isolates 
taken from Dorset cases and the 2013–14 Irish cases 
suggests infection by the same or closely related popu-
lations of STEC O55:H7 and may represent a common 
zoonotic reservoir. Enhanced surveillance suggested 
infection to be less widespread than feared in the 
Dorset population. Contacts were tested more widely 
than normal (for a STEC outbreak) using culture/PCR 
and/or serology ensuring the identification of asymp-
tomatic household contacts. To date there have been 
no further cases in this WGS cluster, although other 
E. coli O55 cases have occurred elsewhere in England. 
Despite the use of an iterative re-interviewing pro-
cess, no common exposures linked all primary cases 
and food, water and environmental testing was nega-
tive for contamination by STEC O55:H7. There was little 
evidence to support the hypotheses of contaminated 

Table
Characteristics of confirmed cases of Shiga toxin-producing Escherichia coli O55:H7, Dorset, England, June 2014−September 
2015 (n=31)

Variable Description All cases Children 
(0–4 years)

Children 
(5–17 years)

Adults 
(18–69 years)

Total number 31 16 4 11 

Symptomatica 
Yes 21 12  3            6           
No 10 4 1 5

HUS 
Yes 13 9 2 2
No 18 7 2 9

Sex 
Male 13 8 2 3

Female 18 8 2 8

Age (years) 
Mean (SD) 16 (19) 2.2 (1.1) 9.8 (3.3) 39 (14)

Median (range) 4 (0–69) 2 (0–4) 9.5 (6–14) 35 (25–69)

  
  
  
Epidemiological cluster

Noneb 3 1 1 1
  Family A        2 1 0 1
Nursery 12 9 0 3
Family B 5 2 1 2
Family C 4 1 1 2
Family D 2 1 0 1
Family E 3 1 1 1

HUS: haemolytic uraemic syndrome; SD: standard deviation.
a Symptoms included HUS (13/21), bloody diarrhoea (3/21) and diarrhoea (5/21).
b Case numbers 1, 4 and 26 were not associated with epidemiological clusters.
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food items or drinking water or a specific recreational/
environmental exposure. Given this, and the geo-
graphical clustering around two areas of Dorset, the 
third hypothesis of a local endemic zoonotic infection 
acquired in humans from infected pets and/or directly 
from the environment seems the most likely cause of 
this outbreak.

Due to the protracted nature of the outbreak, problems 
in recall may have hampered the effectiveness of the 
iterative re-interviewing approach, given the time lag 
between cases. It is possible that using the onset date 
of the associated primary case as the starting point for 
a 14-day exposure history-taking among asymptomatic 
cases missed important exposures if their infection had 
been acquired earlier. However, all of the asymptomatic 
cases were picked up through screening of contacts or 
nursery screening, all those identified by serology were 
epidemiologically linked to a WGS-confirmed case and 
many asymptomatic cases were adult household con-
tacts of children, so it is likely that the majority of them 
were secondary cases whose infection was acquired by 
human-to-human transmission. Even if putative expo-
sures had been identified, having only ten (co)primary 
cases would have made hypothesis testing via an ana-
lytical study challenging.

The environmental hypothesis appears most likely 
although there were no positive environmental samples 
(including boot socks, animal faeces, bird sanctuaries 
or water) to confirm it. The delay between symptom 
onset and environmental sampling could have reduced 
the chance of a positive finding and sensitivity of direct 
culturing from faeces can be poor if STEC numbers are 
low. Similar delays may also have reduced the likeli-
hood of finding a positive sample among pets. There 
is currently no evidence of STEC O55:H7 in the cattle 
population in the United Kingdom but cattle and other 
ruminants are a known source of STEC [26]. Delays 
between infection and sampling, particularly among 
screened contacts, may also have led to cases being 
missed early in the outbreak. However, after the first 
few cases we tested contacts more widely than nor-
mal for a STEC outbreak and detected a number of 
asymptomatic household contacts using serology, so 
we are confident that any symptomatic contacts would 
also have been identified microbiologically, either via 
culture or serology. Furthermore, it is possible that 
asymptomatic or mild diarrhoeal illness may have been 
underestimated as most case ascertainment of STEC 
O55:H7 was due to presentation with HUS, with non-
HUS-associated infections being missed apart from the 
periods of enhanced surveillance. The absence of addi-
tional cases arising from the testing of all diarrhoeal 
specimens from local and regional laboratories for 
STEC O55:H7 over a 12-week period is evidence against 
this, however, this extended testing regime occurred in 
the autumn, when fewer or no cases were expected.

STEC O55:H7 is phylogenetically closely related to STEC 
O157:H7 [12,25] and assumed therefore to have similar 

exposure risks and transmission routes. The observed 
seasonality (July–October 2014; May–September 2015) 
is similar to that seen for STEC O157 (April–September) 
in England and Wales [27]. This may reflect greater 
time spent outdoors during warmer months of the year, 
increasing exposure to the environment. Migratory 
birds as a transmission source common to Dorset and 
ROI could also help explain both the seasonality and 
genetic similarity between Irish and Dorset cases and 
birds (rooks) have previously been linked to STEC O157 
infection in children [28]. The analysis focused on bird 
migration between ROI and Dorset but it is also pos-
sible that STEC O55:H7 was introduced by migratory 
bird species, with a shared winter feeding ground, that 
use the coast of ROI and the coast of England as des-
tinations for summer feeding. In five of the six primary 
cases linked to Bournemouth, symptom onset occurred 
in a period of 1–9 days following flooding events, sug-
gesting these events could have played a role. Three of 
these four cases reported visiting the public gardens or 
beach in Bournemouth and their illness could plausibly 
be explained by exposure to land recently flooded by 
stream water contaminated by animal faeces or to the 
sea into which the stream discharges. The STEC O55:H7 
positive faecal specimens from two cats provided evi-
dence that domestic pets may act as a vector for the 
pathogen and may support a hypothesis of an environ-
mental or local zoonotic reservoir. This is consistent 
with reports of STEC O145 serotypes in sporadic HUS 
in children which were also isolated from their asymp-
tomatic pet cats [29,30]. There were no common fac-
tors found for foods consumed by the pets, but it was 
not possible from the information collected to deter-
mine the extent to which cases’ pets interacted with 
the rural environment, wildlife or rodents. It is possible 
that there are several vectors responsible for the envi-
ronmental spread and cases could also have acquired 
STEC O55:H7 directly from the environment.

This outbreak provides a number of learning points. 
Proactive media engagement was important and helped 
to ensure risk communication throughout the outbreak 
was effective and that the timing and control of infor-
mation could be maintained by PHE. The evidence from 
WGS of isolates forming a closely related cluster was 
an important driver behind the extensive investigations 
undertaken. As WGS is used increasingly in England for 
outbreak investigation and detection, it is likely to be 
a driver in the future for investigating small outbreaks 
of illness that are not clearly linked epidemiologically 
[31,32].

The introduction of an additional SMAC agar plate 
into local laboratory processes helped reduce the 
number of cultures being sent to GBRU and enabled 
local detection of likely STEC O55:H7 in the absence 
of PCR. Enhanced surveillance through local laborato-
ries, WGS, boot sock sampling and the combined use 
of hydrological and cattle census data are all meth-
ods that could be adapted and applied when investi-
gating outbreaks of emerging pathogens with unclear 
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aetiology. We conclude that although the cause of this 
outbreak remains elusive the varied investigations 
helped narrow the focus to a dispersed environmental 
source and/or a zoonotic reservoir.

Acknowledgements
Support for the investigation and enforcement of control 
measures was provided by the Environmental Health Officers 
from North Dorset, West Dorset, Weymouth, Bournemouth, 
Poole and New Forest councils. Regional support was pro-
vided by Jenny Harries. Hikaru Bolt, PHE Field Epidemiology 
Services South East and London produced network maps. 
Stuart Ashfield at APHA produced the Dorset cattle density 
map. Advice on the boot sock sampling study was provided 
by Iain Lake and Natalia Jones at the University of East Anglia 
(UEA). The boot sock study was developed in the ‘Enigma’ 
research programme (Principal Investigator Dr Sarah O’ 
Brien) and was the product of collaborative working be-
tween Liverpool, UEA and Manchester universities, funded 
by the Medical Research Council and other partners (through 
the Environmental and Social Ecology of Human Infectious 
Disease Initiative, ESEI). The research was in part funded, 
through partial salary support, by the National Institute for 
Health Research Health Protection Research Unit.

This article is dedicated to Dr Charlotte Featherstone MA 
VetMB MVPH MRCVS, who sadly passed away before this 
manuscript was published. Her expertise in zoonotic dis-
eases and contribution in developing the One Health con-
cept will be greatly missed by her colleagues at APHA, Public 
Health England and elsewhere.

Conflict of interest

None declared.

Authors’ contributions
Epidemiological and environmental investigations were 
conducted and coordinated by N. McCarthy, J. Hawker, A. 
Mikhail, P. Mook, C. Rawlins, E. O’Connell, N. Bundle, S. 
Balasegaram, Y. Landy, J. Moore, J. Treacy, G. Dabke, R. 
Partridge and N. McFarland. Regional support for the inci-
dent was provided by James Mapstone. Microbiological in-
vestigations and phylogenetic analysis were conducted by 
C. Jenkins, G. Godbole, C. O’Connor, C. Willis, F. Jorgensen 
and T. Dallman. Food investigations were coordinated by S. 
Gayle and J. Edge on behalf of the Food Standards Agency. 
Water flow data and support for its analysis was provided 
R. Acornley on behalf of the Environment Agency. Animal 
and bird investigations were coordinated by C. Featherstone 
on behalf of the APHA. Data and isolates on the Republic of 
Ireland cases were shared by E. McNamara and colleagues 
at the Public Health Laboratory, Health Service Executive, 
Dublin. The manuscript was drafted by N. McFarland and N. 
Bundle. All authors commented and agreed upon the final 
manuscript.

References
1. Fitzpatrick M. Haemolytic uraemic syndrome and E coli O157.

BMJ. 1999;318(7185):684-5. DOI: 10.1136/bmj.318.7185.684 
PMID: 10073994

2. Launders N, Byrne L, Jenkins C, Harker K, Charlett A, 
Adak GK. Disease severity of Shiga toxin-producing E. coli 
O157 and factors influencing the development of typical 
haemolytic uraemic syndrome: a retrospective cohort study, 

2009-2012.BMJ Open. 2016;6(1):e009933. DOI: 10.1136/
bmjopen-2015-009933 PMID: 26826153

3. Sánchez S, Llorente MT, Echeita MA, Herrera-León S. 
Development of three multiplex PCR assays targeting the 
21 most clinically relevant serogroups associated with 
Shiga toxin-producing E. coli infection in humans.PLoS One. 
2015;10(1):e0117660. DOI: 10.1371/journal.pone.0117660 PMID: 
25629697

4. De Schrijver K, Buvens G, Possé B, Van den Branden D, 
Oosterlynck O, De Zutter L,  et al.  Outbreak of verocytotoxin-
producing E. coli O145 and O26 infections associated with the 
consumption of ice cream produced at a farm, Belgium, 2007. 
Euro Surveill. 2008;13(7):8041.PMID: 18445416

5. McAllister LJ, Bent SJ, Petty NK, Skippington E, Beatson 
SA, Paton JC,  et al.  Genomic Comparison of Two O111:H- 
Enterohemorrhagic Escherichia coli Isolates from a Historic 
Hemolytic-Uremic Syndrome Outbreak in Australia. Infect 
Immun. 2016;84(3):775-81. DOI: 10.1128/IAI.01229-15 PMID: 
26729762

6. Kanayama A, Yahata Y, Arima Y, Takahashi T, Saitoh T, Kanou 
K,  et al.  Enterohemorrhagic Escherichia coli outbreaks 
related to childcare facilities in Japan, 2010-2013. BMC Infect 
Dis. 2015;15(1):539. DOI: 10.1186/s12879-015-1259-3 PMID: 
26589805

7. Luna-Gierke RE, Griffin PM, Gould LH, Herman K, Bopp CA, 
Strockbine N,  et al.  Outbreaks of non-O157 Shiga toxin-
producing Escherichia coli infection: USA. Epidemiol Infect. 
2014;142(11):2270-80. DOI: 10.1017/S0950268813003233 
PMID: 24398154

8. Werber D, Fruth A, Liesegang A, Littmann M, Buchholz 
U, Prager R,  et al.  A multistate outbreak of Shiga toxin-
producing Escherichia coli O26:H11 infections in Germany, 
detected by molecular subtyping surveillance. J Infect Dis. 
2002;186(3):419-22. DOI: 10.1086/341457 PMID: 12134240

9. Noll LW, Shridhar PB, Dewsbury DM, Shi X, Cernicchiaro N, 
Renter DG,  et al.  A Comparison of Culture- and PCR-Based 
Methods to Detect Six Major Non-O157 Serogroups of Shiga 
Toxin-Producing Escherichia coli in Cattle Feces. PLoS One. 
2015;10(8):e0135446. DOI: 10.1371/journal.pone.0135446 
PMID: 26270482

10. Byrne L, Jenkins C, Launders N, Elson R, Adak GK. The 
epidemiology, microbiology and clinical impact of Shiga 
toxin-producing Escherichia coli in England, 2009-2012.
Epidemiol Infect. 2015;143(16):3475-87. DOI: 10.1017/
S0950268815000746 PMID: 25920912

11. Muniesa M, Jofre J. Abundance in sewage of bacteriophages 
infecting Escherichia coli O157:H7.Methods Mol Biol. 
2004;268:79-88.PMID: 15156020

12. Zhou Z, Li X, Liu B, Beutin L, Xu J, Ren Y,  et al.  Derivation of 
Escherichia coli O157:H7 from its O55:H7 precursor. PLoS One. 
2010;5(1):e8700. DOI: 10.1371/journal.pone.0008700 PMID: 
20090843

13. Kintz E, Brainard J, Hooper L, Hunter P. Transmission pathways 
for sporadic Shiga-toxin producing E. coli infections: A 
systematic review and meta-analysis.Int J Hyg Environ Health. 
2017;220(1):57-67. DOI: 10.1016/j.ijheh.2016.10.011 PMID: 
27842895

14. Public Health England (PHE). Vero cytotoxin-producing 
Escherichia coli Enhanced surveillance questionnaire 2013. 
London: PHE; 2013. Available from: https://www.gov.uk/
government/uploads/system/uploads/attachment_data/
file/323423/VTEC_Questionnaire.pdf

15. Enigma project. The Study of Campylobacter. Sources, 
seasonality, transmission and control: Campylobacter and 
human behaviour in a changing environment. Liverpool: 
Enigma. [Accessed Nov 2016]. Available from: http://
enigmaproject.org.uk/the-project/

16. Chart H, Cheasty T. Human infections with verocytotoxin-
producing Escherichia coli O157--10 years of E. coli O157 
serodiagnosis.J Med Microbiol. 2008;57(Pt 11):1389-93. DOI: 
10.1099/jmm.0.2008/003632-0 PMID: 18927417

17. Jenkins C, Lawson AJ, Cheasty T, Willshaw GA. Assessment 
of a real-time PCR for the detection and characterization of 
verocytotoxigenic Escherichia coli.J Med Microbiol. 2012;61(Pt 
8):1082-5. DOI: 10.1099/jmm.0.041517-0 PMID: 22516135

18. Health Protection Agency (HPA). The VTEC operational manual. 
Operational guidance for HPA staff dealing with cases and 
incidents of VTEC infection. London: HPA; 2011. Available from: 
https://www.gov.uk/government/publications/vero-cytotoxin-
producing-escherichia-coli-operational-guidelines-for-public-
health-management

19. Li H, Durbin R. Fast and accurate long-read alignment with 
Burrows-Wheeler transform.Bioinformatics. 2010;26(5):589-
95. DOI: 10.1093/bioinformatics/btp698 PMID: 20080505

20. illumina. HiSeq 2500 System Guide. California: illumina; 
2015. Available from: https://support.illumina.com/



10 www.eurosurveillance.org

content/dam/illumina-support/documents/documentation/
system_documentation/hiseq2500/hiseq-2500-system-
guide-15035786-01.pdf

21. Stamatakis A. RAxML version 8: a tool for phylogenetic 
analysis and post-analysis of large phylogenies.Bioinformatics. 
2014;30(9):1312-3. DOI: 10.1093/bioinformatics/btu033 PMID: 
24451623

22. Atkinson PW, Robinson RA, Clark JA, Miyar T, Downie IS, du 
Feu CR, et al. Migratory movements of waterfowl: a web-based 
mapping tool. The European Union for Bird Ringing (EURING) 
report to the EU Commission. EURING; 2007. Available from: 
http://blx1.bto.org/ai-eu/

23. Bayliss L, Carr R, Edeghere O, Knapper E, Nye K, Harvey G,  et 
al.  School outbreak of Escherichia coli O157 with high levels of 
transmission, Staffordshire, England, February 2012. J Public 
Health (Oxf). 2016;38(3):e247-53. DOI: 10.1093/pubmed/
fdv122 PMID: 26364319

24. BBC South Today. New test to find source of Dorset E. coli O55 
2015. [Accessed 16 May 2016]. Available from: https://www.
facebook.com/BBCSouthToday/videos/vb.153132638110668/93
1707010253223/?type=2&theater=&ns_mchannel=social&ns_
campaign=bbc_south_today&ns_source=twitter&ns_
linkname=english_regions.

25. Jenkins C, Dallman TJ, Launders N, Willis C, Byrne L, Jorgensen 
F,  et al.  Public Health Investigation of Two Outbreaks of 
Shiga Toxin-Producing Escherichia coli O157 Associated 
with Consumption of Watercress. Appl Environ Microbiol. 
2015;81(12):3946-52. DOI: 10.1128/AEM.04188-14 PMID: 
25841005

26. Milnes AS, Stewart I, Clifton-Hadley FA, Davies RH, Newell 
DG, Sayers AR,  et al.  Intestinal carriage of verocytotoxigenic 
Escherichia coli O157, Salmonella, thermophilic Campylobacter 
and Yersinia enterocolitica, in cattle, sheep and pigs at 
slaughter in Great Britain during 2003. Epidemiol Infect. 
2008;136(6):739-51. DOI: 10.1017/S0950268807009223 PMID: 
17655782

27. Adams NL, Byrne L, Smith GA, Elson R, Harris JP, Salmon R,  et 
al.  Shiga Toxin-Producing Escherichia coli O157, England and 
Wales, 1983-2012. Emerg Infect Dis. 2016;22(4):590-7. DOI: 
10.3201/eid2204.151485 PMID: 26982243

28. Ejidokun OO, Walsh A, Barnett J, Hope Y, Ellis S, Sharp MW,  
et al.  Human Vero cytotoxigenic Escherichia coli (VTEC) O157 
infection linked to birds. Epidemiol Infect. 2006;134(2):421-3. 
DOI: 10.1017/S0950268805004917 PMID: 16490148

29. Busch U, Hörmansdorfer S, Schranner S, Huber I, Bogner K-H, 
Sing A. Enterohemorrhagic Escherichia coll excretion by child 
and her cat.Emerg Infect Dis. 2007;13(2):348-9. DOI: 10.3201/
eid1302.061106 PMID: 17479915

30. Rumi MV, Irino K, Deza N, Huguet MJ, Bentancor AB. First 
isolation in Argentina of a highly virulent Shiga toxin-
producing Escherichia coli O145:NM from a domestic cat.J 
Infect Dev Ctries. 2012;6(4):358-63.PMID: 22505447

31. Dallman TJ, Byrne L, Ashton PM, Cowley LA, Perry NT, Adak 
G,  et al.  Whole-genome sequencing for national surveillance 
of Shiga toxin-producing Escherichia coli O157. Clin Infect Dis. 
2015;61(3):305-12. DOI: 10.1093/cid/civ318 PMID: 25888672

32. Chattaway MA, Dallman TJ, Gentle A, Wright MJ, Long SE, 
Ashton PM,  et al.  Whole Genome Sequencing for Public 
Health Surveillance of Shiga Toxin-Producing Escherichia coli 
Other than Serogroup O157. Front Microbiol. 2016;7:258. DOI: 
10.3389/fmicb.2016.00258 PMID: 26973632

License and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate 
credit to the source, provide a link to the licence, and indi-
cate if changes were made.

This article is copyright of the authors, 2017.


