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Executive Summary

This Incident Management Team (IMT) report presents the investigations and conclusions in
relation to an outbreak of E. coli 0157 PT21/28 in the summer of 2016. A total of 26 cases
were identified in this outbreak, which occurred in two phases, firstly in July and then again
in September.

The multi-agency IMT met 11 times between 22 July and 5 September to investigate and
manage an outbreak of 20 laboratory confirmed cases of E. coli 0157 PT21/28 infection with
the same unique molecular profile (hereafter referred to as the “outbreak strain”), with onset
dates between 2 July and 29 July. The IMT concluded that the source of the outbreak was
consumption of an unpasteurised cows’ milk cheese, Dunsyre Blue, and a voluntary recall of
the suspected batches was undertaken by the food business on 29 July.

On 5 September the IMT stood down as more than a month had passed since the
implementation of control measures on 29 July, no new cases had been identified and the
immediate investigation and control of the incident was complete. Ongoing work with the
food business was passed to the relevant competent authorities.

On 15 September the IMT reconvened following the identification of two new cases of E. coli
0157 with the outbreak strain on 14 September. This second phase of the investigation
involved six additional cases; five of which were linked to a cluster associated with a
childcare setting in NHS Board A. Among the five childcare cluster cases, two were
secondary cases who acquired their infection from close contact with the primary cases.
NHS Board A convened a local IMT to investigate and manage this cluster. This local IMT
fed into the national IMT. The national IMT met a further four times and as no further cases
were identified, the national IMT stood down again on 12 October.

Based on the identification of new cases and results of microbiology testing from a number
of cheeses produced by the food business, Food Standards Scotland issued a Food Alert for
Action (FAFA) on 14 September for the recall of all cheese produced by the food business.
The FAFA was also issued to the rest of the UK on 15 September. The FAFA was issued to
inform and advise local authorities to identify food businesses which were likely or known to
stock products subject to this FAFA and to take steps to ensure they were withdrawn from
sale.

Overall, 26 cases of E. coli 0157 were identified with the outbreak strain with onset dates
from 2 July to 8 September. This comprised 24 primary cases and two secondary cases.
Seventeen (65%) of the cases required admission to hospital and a three year old child, who
was a primary case, died.

Extensive descriptive and analytical epidemiological and food chain investigations were
undertaken, which provided strong evidence that Dunsyre Blue cheese was the vehicle of
infection for the outbreak.

Of the 24 primary cases 15 (62.5%) are known to have consumed Dunsyre Blue cheese
within the eight days before the onset of their symptoms.

In addition:



e two cases ate blue cheese purchased from a shop known to sell Dunsyre Blue but
were unable to recall the name of the brand,

e oOne case attended a function at which Dunsyre Blue was served but did not recall
eating it,

e One case ate blue cheese but there was no information available on the type,

e oOne case reported eating blue cheese but not Dunsyre Blue,

e One case’s exposure information was extremely limited and it was not possible to
determine cheese consumption history.

The three remaining primary cases were part of the childcare setting cluster. A direct link to
Dunsyre Blue was not established for the childcare setting cluster but the organism could
have been introduced into the childcare setting environment, by an unidentified
asymptomatic or mildly symptomatic case.

When the childcare setting cases are excluded, 15/21 cases (71%) are known to have
consumed Dunsyre Blue.

The descriptive epidemiological evidence indicating that Dunsyre Blue was the food vehicle
responsible for the outbreak is supported by deficiencies in the procedures for the monitoring
and control of pathogenic E. coli at the food business. The testing of Dunsyre Blue and other
unpasteurised cheeses produced by the food business identified other shiga toxin producing
Escherichia coli (STEC) and stx negative E. coli O157 which, although not the outbreak
strain, demonstrated that potentially pathogenic E. coli were able to enter and survive the
cheese production process at the food business. Positive results were obtained for cheese
produced over a period of four months, indicating a systematic potential for STEC to enter
the process and contaminate final products. Samples of raw cows’ milk from the single dairy
farm supplying the food business, taken a number of months after the production of the
implicated cheese, identified two different strains of STEC, indicating the potential for milk
used in the production of Dunsyre Blue to become contaminated. Furthermore, no evidence
was provided to demonstrate how any STEC present in the raw milk supply would have
been eliminated during the production process.

These findings are biologically plausible as Dunsyre Blue is an unpasteurised cows’ milk
cheese and cattle in Scotland are known to carry E. coli 0157 PT21/28. Unpasteurised
cheeses have previously been associated with other outbreaks of STEC infection.

Extensive investigations concluded that the source of the outbreak was the consumption of
Dunsyre Blue. This conclusion was based on evidence from epidemiological and food chain
investigations and supported by microbiological evidence and deficiencies identified in the
procedures for the monitoring and control of STEC at the food business.

Throughout the investigation the paramount aim of the IMT was the protection of public
health. To this end, products considered to pose a risk to the public were withdrawn from
the market and the risks communicated to the public and professionals.



1 Background

1.1 Shigatoxin producing Escherichia coli

Shiga toxin producing Escherichia coli (STEC)' are a group of toxin-producing bacteria
capable of causing gastrointestinal illness in humans. The incubation period for STEC
infection is usually three to four days, seldom less than one day or more than eight days, but
has been occasionally reported to be as long as 14 days'. The infectious dose required to
cause illness is low, with fewer than 1,000 cells sufficient®*. Clinical presentation ranges
from asymptomatic infection to mild non-bloody diarrhoea, through bloody diarrhoea and
haemorrhagic colitis to haemolytic uraemic syndrome (HUS), other presentations of
thrombotic microangiopathy and, in a small number of cases, death. HUS develops in
approximately 10-15% of E. coli 0157 cases®®, with the highest rates in those under 15
years or over 65 years of age®. HUS mortality is reported to be between 3% and 5%, and
death due to HUS is nearly always associated with severe extrarenal disease, including
severe central nervous involvement’.

1.2 Epidemiology of STEC infection in Scotland

In Scotland, the most common strain of STEC to cause illness is E. coli O157. The reported
rates of E. coli O157 in Scotland rose substantially in the mid-1990s and remain consistently
high compared to other countries within the UK and Europe. In 2015, a total of 183 reports
of E. coli O157 were made to Health Protection Scotland (HPS), 170 from culture positive
faecal samples (rate 3.2 per 100,000), 12 shiga toxin and rfbo;s7 gene positive by PCR (a
bacterial DNA detection method) but culture negative samples and one on serology only
(detection of E. coli 0157 antibodies in blood)®. Among the culture positive isolates,
PT21/28 was the most frequent phage type accounting for 34% of isolates. In the past 15
years, there has been no discernible trend in culture positive cases of E. coli 0157, however
there has, in recent years, been an increase in non-0157 STEC isolates with 75 such
isolates reported in 2015. The observed increase in non-0157 isolates over the past few
years is largely due to increased ascertainment resulting from a change in the referral
pattern of faecal samples from diagnostic laboratories to the Scottish E. coli O157/VTEC
Reference Laboratory (SERL)? which is able to test for non-0157 STEC organisms.

1.3 Sources of Infection

STEC can colonise the gastrointestinal tract of wild, farmed, and domesticated animals and
be shed in their faeces. Cattle are considered the most important reservoir for STEC in
humans; infection in cattle is non-pathogenic. Shedding of STEC by cattle is dynamic with
individual farms having periods of apparent absence and periods of high prevalence®.
Studies in Scotland have estimated a prevalence of E. coli 0157 at farm level of
approximately 20%*°, with modelling suggesting that whilst only 20% of farms are positive
for E. coli O157 at any given time, approximately 80% may harbour infection at some point
during the course of the year''. A number of factors have been postulated to influence farm
level prevalence®™*. Within E. coli 0157 positive herds there is heterogeneity in shedding,
with a small number of high level or “supershedders”, such that it has been estimated that
about 80% of transmission arises from the 20% most infectious cattle®*2,

'STEC is synonymous with VTEC (vero cytotoxin producing E. coli). Likewise vtx is synonymous with
stx genes



Transmission to humans can occur as a result of direct contact with STEC-contaminated
faecal material, from handling or petting animals'*** or by exposure to faecally contaminated
soil or vegetation during recreational or occupational activities'®. Exposure can also occur
from consumption of water®’ or food which is contaminated. Fruit or vegetables can be
contaminated if they come in contact with soil, animal faeces or manure which contains
STEC. The use of water for irrigation of food crops and washing of fruit and vegetables has
also been identified as a transmission route for STEC. A number of STEC outbreaks have
been reported in the literature due to contaminated salads or vegetables, including slaw
garnish'® watercress'®, lettuce®, sprouts®?®, white radish®* and handling raw leeks and
potatoes®.

Meat may be contaminated with STEC during the slaughter process with a number of meat
related outbreaks being reported including the largest outbreak of E. coli 0157 in Scotland®,
outbreaks due to beef burgers??"?® and others due to cooked meats® .

Faecal contamination during the milking of cattle, sheep and goats can result in STEC
contamination of raw milk*. There have been a number of STEC outbreaks associated with
drinking raw milk®***%, Failure of pasteurisation or post-process contamination may also
result in milk related STEC outbreaks**. Any contamination of the raw milk used to produce
unpasteurised dairy products has the potential, unless sufficient additional control measures
are in place, to result in the presence of STEC in the final ready to eat product. There have
been a number of STEC outbreaks linked to the consumption of unpasteurised cheese®"°
(more details on dairy related outbreaks in Table 11).
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2 Outbreak Investigation

On the afternoon of 21 July 2016 the Scottish E. coli 0157/VTEC Reference Laboratory
(SERL) informed Health Protection Scotland (HPS) of eight confirmed cases of E. coli 0157
PT21/28 with the same Multi Locus Variable-number tandem repeat Analysis (MLVA) profile.
Cases were resident across five NHS Boards. There were an additional four cases of E. coli
0157 PT21/28 for which the MLVA result was awaited. This initial alert led to the
establishment of a Problem Assessment Group (PAG) that met on 22 July and subsequently
became the National Incident Management Team.

The timeline for the key events in the outbreak are presented in Appendix 2.

2.1 Role and Responsibilities of the National Incident Management
Team

As is standard practice for the investigation of national outbreaks of Infectious Intestinal
Disease (lID), HPS convened a multi-agency Incident Management Team (IMT). The IMT
was chaired by HPS and consisted of representatives from the Health Protection Teams
(HPT) in the NHS Boards in which cases were resident, SERL, Food Standards Scotland
(FSS) and relevant local authorities’ Environmental Health Teams. Later, when cases were
identified in England, membership was expanded to include Public Health England (PHE)
and the Food Standards Agency (FSA). The Public Analyst Laboratories were also
represented when food and environmental sampling was undertaken. Details of the agencies
represented are provided in Appendix 3.

The investigation was undertaken in accordance with the Scottish Government guidance for
the Management of Public Health Incidents®.

It is the remit of the IMT to®’

¢ Reduce to a minimum the number of cases of illness by promptly recognising the
incident, defining how cases have been exposed to the implicated hazard, identifying
and controlling the source of that exposure, and preventing secondary exposure;

¢ Minimise mortality and iliness by ensuring optimum health care for those affected;

¢ Inform the patients, actually or potentially exposed groups, staff and clinical and
management colleagues, the public, their representatives and the media of the health
risks associated with the incident and how to minimise these risks; and

¢ Collect information which will be of use in better understanding the nature and origin
of the incident and on how best to prevent and manage future incidents.

2.2 IMT meetings

The incident team initially met as a Problem Assessment Group on 22 July. The group met
as an IMT on ten occasions between 26 July and 5 September, when the group initially
stood down. On 15 September the IMT was reconvened and met on four occasions and
stood down again on 12 October. Due to the fast moving nature of the outbreak, and to
ensure the timely consideration of new information and action potentially required to protect

11



public health during the investigation, three ad hoc meetings of core members of the IMT

(HPS, FSS, SERL and South Lanarkshire Council) were called by HPS at short notice. The
ad hoc meeting on the evening of 14 September resulted in the reconvening of the National

IMT on the morning of 15 September. Dates of all the IMT meetings are provided in
Appendix 2.

2.3 IMT sub-group

Due to the complexity of discussions around the procedures in place at the food business,
sub-group of the IMT was established and chaired by FSS to progress the detailed and
technical discussions to investigate processes at the food business. This sub-group
comprised representatives from FSS, HPS and South Lanarkshire Council (SLC) and
reported to the National IMT. When the IMT initially stood down on 5 September this sub-
group also stood down, and ongoing work with the food business passed to SLC as the
competent authority and FSS as per their usual food incident management procedures.
When the National IMT was reconvened on 15 September, the sub-group of the IMT also
reconvened and then stood down when the National IMT stood down on 12 October,
following which SLC and FSS continued to work with the food business.

2.4 Incident Management Team in NHS Board A

During the course of the national investigation, a cluster of cases of E. coli 0157 PT21/28
with the outbreak MLVA profile was identified associated with a childcare setting in NHS
Board A. NHS Board A HPT convened a local IMT to manage this cluster, including the
screening of all children and staff at the childcare setting and a number of household
contacts as per the national guidance® and local investigations into the source of infection.
This local IMT was chaired by a Consultant in Public Health Medicine (CPHM) from NHS
Board A and included representatives from HPS. NHS Board A provided updates of local
investigations to the National IMT. This functioned as a standalone IMT rather than a sub-
group to the National IMT.

a
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3 Case definitions

The case definitions evolved as the outbreak progressed to take account of cases identified
by PHE on the basis of Whole Genome Sequencing (WGS) rather than Multi Locus Variable-
number Tandem Repeat Analysis (MLVA). Below are the final case definitions.

Confirmed case:
A case of E. coli 0157:H7 PT21/28 with the outbreak MLVA profile,
or

a single locus variant of the outbreak MLVA profile and an epidemiological link to a
confirmed case,

or

with a whole genome sequence profile within the same 5 SNP cluster.

Probable case:

A case of E. coli O157:H7 PT21/28 for which MLVA or WGS is awaited, with an
epidemiological link to a confirmed outbreak case,

or

A case of E. coli 0157:H7 for which phage typing and MLVA/WGS is awaited, with an
epidemiological link to a confirmed outbreak case,

or

A case of E. coli 0157:H7 PT21/28 with a MLVA single locus variant from the outbreak
MLVA profile, for which WGS is awaited.

Possible case:

A case of E. coli 0157:H7 PT21/28 for which MLVA is awaited (Scotland only).

Secondary case:

A confirmed or probable case with onset two or more days after another confirmed or
probable case that is a household or other close contact, if the exposure likely occurred
outside the place of residence.

13



4 Descriptive Epidemiological Investigation — Methods

4.1 Case finding

Case finding was through reports of E. coli 0157:H7 PT21/28 and the subsequent MLVA
profile from SERL. Public Health England (PHE) discontinued routine MLVA typing of STEC
isolates replacing this with WGS in 2015. Isolates were exchanged between SERL and the
PHE Gastrointestinal Bacteria Reference Unit (GBRU) to allow comparison by WGS with

E. coli O157:H7 PT21/28 cases in the rest of the UK and the Republic of Ireland (ROI) and
the rapid identification of outbreak cases. Wales, Northern Ireland and the ROI routinely
send STEC isolates to GBRU for WGS therefore providing a mechanism to capture any
cases resident in these areas.

Close contacts of confirmed cases were screened where indicated in line with guidance for
the management of STEC in Scotland® to identify any secondary cases.

4.2 Questionnaires and case interviews

As part of the routine response to STEC infections in Scotland, NHS Board Health Protection
Teams (HPTSs) (or Environmental Health Officers (EHO) on their behalf) interview all
reported cases of STEC infection. These interviews are conducted on the same day they are
reported (or as soon as possible thereafter) using a standard national enhanced surveillance
form*®®. These forms are routinely sent to HPS to be entered onto the national database for
the enhanced surveillance of STEC infection in Scotland. A similar process operates in other
parts of the UK. As per usual practice, HPS obtained copies of the completed surveillance
forms for cases associated with this outbreak. To help identify any common links, initial
cases were also re-interviewed by the HPTs as soon as possible after the identification of
the outbreak using a longer and more in-depth trawling questionnaire developed by PHE for
use in outbreak investigations (Appendix 4). The trawling questionnaire asks about a wide
range of exposures in the seven days prior to onset of symptoms in the case, including
travel, events or functions attended, recreational and outdoor exposures, contact with
animals, as well as a very detailed food history for a wide range of foods eaten both within
the home and outside including salads, vegetables, fruits, meats, poultry, dairy products,
sandwiches and burgers, eggs, cakes and biscuits, desserts and puddings, chocolate, snack
food, sauces, nuts and seeds, and herbs and spices (Appendix 4). Based on the results of
the initial trawling questionnaires, a more focused questionnaire was developed by HPS
which collected detailed information in relation to the meals consumed outside the home and
the foods identified from the surveillance forms and initial trawling questionnaires as being of
particular interest and biologically plausible. These foods included beef products, cheese,
sandwiches and burgers, salad vegetables, herbs and fruits. Subsequent cases were
interviewed with the more focused trawling questionnaire. As required, the local HPT re-
contacted the cases to seek further clarification or request additional information.

Where necessary, due to difficulties in recall of the exact foods eaten or the component parts
of dishes eaten at hotels/restaurants, EHOs contacted the premises to obtain details of the
constituent parts of dishes, foods ordered by the case during their stay or the menu for
particular functions/ events that cases had attended. This enabled the confident identification
of the exact foods eaten.

14



4.3 Interviews with close contacts of cases in childcare setting cluster
As part of the investigation by NHS Board A into the cluster of cases with the outbreak strain
associated with a childcare setting, in addition to the interviews for confirmed cases,
interviews were conducted by Board A HPT, using the focused questionnaire with the
parents/caregivers of cases and the childcare leaders. These questionnaires focused on
foods consumed in the 14 days prior to the onset of the first case within the cluster.

4.4 Summarising the descriptive epidemiological evidence

Throughout the investigation HPS collated information from the surveillance forms, trawling
guestionnaires and focused questionnaires to identify common exposures among cases. In
considering the information, HPS took into consideration the likely commonality/rarity of each
exposure in the general population and biological plausibility. Common exposures were
investigated further by seeking information on brands/locations purchased and through
EHOs identifying brands/suppliers of foods served in hotels/restaurants. For example, whilst
a number of cases reported eating blue cheese from a cheese board in a hotel/restaurant
they were often unaware of the brands of cheese on the cheese board, therefore EHOs
visited the relevant premises to clarify.

This information was summarised and presented to the IMT throughout the outbreak to
inform risk assessment, identify areas for further investigation and guide risk management.

4.5 General population food consumption information

As blue cheese consumption was mentioned by a large proportion of the cases, the IMT
obtained information on the frequency of blue cheese consumption in the general
population.

Information on the consumption of blue cheese in the general population was provided by
Food Standards Agency from the National Diet and Nutrition Survey (NDNS) report for the
period 2008/09-2011/12%.
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5 Descriptive Epidemiological investigation — Results

5.1 Number of confirmed cases

A total of 26 confirmed cases were identified, five of which were associated with the
childcare cluster in NHS Board A including two cases who were close contacts of confirmed
cases and considered to be secondary cases. Therefore there were:

o 21 primary cases not linked to the childcare cluster,
e 3 primary cases linked to the childcare cluster,
e 2 secondary cases linked to the childcare cluster.

PHE informed HPS of an additional case of E. coli O157 diagnosed on serology who had
stayed at the same hotel as one of the confirmed outbreak cases. This individual stayed at
the hotel during the first week in July (arriving four days after the confirmed case had left)
and had also consumed Dunsyre Blue during their stay. However as diagnosis was made on
serology, no molecular typing information could be obtained and therefore the individual did
not fulfil the case definition for a confirmed or probable case and was not included in further
investigations nor counted in the final case numbers.

5.2 Demographics of confirmed cases
Twenty-one of the 26 confirmed cases were resident in Scotland (spread across seven NHS
Boards), four were resident in England and one in the Republic of Ireland (ROI).

Three of the four cases resident in England and the case resident in the ROI visited Scotland
during their incubation period. The fourth case resident in England did not travel to Scotland
during their incubation period.

Eighteen (69%) of the 26 confirmed cases were female and eight (31%) male (Figure 1).

The mean age of cases was 38.9 years and median age 35 years. Excluding the five cases
associated with the childcare cluster, the mean age was 47.1 years and median 55 years.

Figure 1 Age band and sex of confirmed cases in the outbreak of E. coli 0157 PT21/28 (n=26)
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5.3 Epidemic curve
Onset dates ranged from 2 July to 8 September.

For the original 20 cases investigated before the IMT was initially stood down on 5
September, onset dates ranged from 2 July to 29 July, with 19/20 occurring in the 14 days
between the 2 and 15 July (Figure 2).

The national IMT was reconvened on 15 September in response to additional cases. In total

six additional cases were identified, one unconnected to the childcare cluster and five (3
primary and 2 secondary) associated with the childcare cluster. Dates of onset for the six

additional cases ranged from 2 to 8 September.

Figure 2: Onset dates for confirmed cases of E. coli 0157 PT21/28 (n=26)

Onset dates for confirmed cases of E. coli 0157 PT21/28 in national outbreak (n=26)
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5.4 Clinical presentation
Information on the presence or absence of bloody diarrhoea was available for 23 cases, 21

(91%) of whom reported bloody diarrhoea.
Of the 26 confirmed cases, 17 (65%) required admission to hospital.
Two cases (8%) developed HUS, one of whom, a three year old child died on 2 September

2016.

5.5 Case exposures
Information on both food and non-food related exposures were investigated throughout the

investigation. Other than the five cases associated with the childcare cluster, and two cases

who had consumed food from the same hotel, there were no common links between the
remaining 19 cases with respect to places visited or events attended, nor in animal or

environmental exposures. Consumption of some food products other than blue cheese was
reported by more than one primary case, although these were a mixture of brands/types of
products indicative of no common source. No vehicle or source was reported that accounted
for as high a number of primary cases as blue cheese (Dunsyre Blue or unspecified). These
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exposures are described below. Details of some of the other food products consumed by
cases is presented in Table 5.

5.6 Blue cheese and Dunsyre Blue consumption

Throughout the investigation the IMT considered a number of biologically plausible vehicles
of infection. A vehicle of interest that emerged early in the investigation was blue cheese and
ultimately one particular type of blue cheese — Dunsyre Blue. As detailed below the
descriptive epidemiological evidence linking Dunsyre Blue to the outbreak strengthened as
the investigation progressed and more information became available leading the multi-
agency IMT to conclude Dunsyre Blue was the most likely source of the outbreak.

The way in which this conclusion was reached is detailed below:

On 22 July 2016, the initial PAG reviewed the available exposure information for the eight
confirmed cases identified. There was no obvious commonality, but seven cases were
known to have a history of either staying at a hotel within Scotland or eating at commercial
premises within Scotland and five had reported eating blue or soft cheese. At this stage
there was limited information on types/brands.

By 26 July 2016, at the first IMT, a total of 13 confirmed cases had been identified, nine of
whom reported consumption of blue cheese. For three of the nine who reported blue cheese
consumption the cheese specified was one produced by Errington Cheese Limited (ECL). By
comparison, when the HPS National STEC surveillance database was checked, only two of
the other 75 cases of STEC reported up to that point in 2016, and for whom exposure
information was available, reported eating blue cheese. Whilst acknowledging that this was
not a direct comparison of datasets, the IMT agreed the number of cases in this outbreak
who reported eating blue cheese was unexpectedly high and warranted further investigation.
These further investigations included visits by EHOs to the hotels/restaurants where cases
had eaten to gain more information into all types of cheese as well as salads, herbs and
garnishes used by the businesses and continued follow up with cases.

By the IMT held on 28 July 2016, there were a total of 14 confirmed cases. Information on
whether they had consumed blue cheese was available for 12 cases; seven had consumed
Dunsyre Blue, two had possibly consumed Dunsyre Blue and three did not report eating
Dunsyre Blue. The evidence from the trawling questionnaires had not identified any other
specific vehicle in common to the cases. Supply chain information available at the IMT
meeting provided by one of the main suppliers of Dunsyre Blue to the restaurants in which
cases had reported eating, identified two particular batches of Dunsyre Blue, C22 and D14,
as common to the restaurants where cases were known to have consumed the cheese. The
IMT concluded there was sufficient evidence to recommend a product recall for the two
batches of Dunsyre Blue C22 and D14 (see control measures) to prevent further cases and
protect public health. This voluntary recall took place on 29 July. On 4 August 2016, this
main supplier subsequently stated to their local authority that they were now unable to
provide information on exact batches they had supplied to particular premises. The IMT
considered this update at the meeting of 4 August and whether a wider withdrawal of
Dunsyre Blue was required. The IMT concluded that such action was not indicated at that
point in time as there was no evidence of new cases with exposure dates after the recall.
Furthermore, the batches on sale at the time the cases were exposed would now be past
their best before date and unlikely to be in circulation.
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As the investigation continued, more cases were identified and information continued to
become available for existing cases. On 12 October, when the IMT stood down at the end of
the investigation, 15 of the 24 primary cases (62.5%) were known to have consumed
Dunsyre Blue, another two cases had eaten blue cheese from a shop selling Dunsyre Blue
but were unable to recall the type of cheese, and one case had attended a function at which
Dunsyre Blue was served but did not recall eating it. Of the remaining six primary cases, one
case had eaten blue cheese but due to limited information available from the case, the IMT
was unable to determine the type of blue cheese or where it had been purchased from, one
case reported eating blue cheese but not Dunsyre Blue and for one case there was very
limited exposure information available such that it was not possible to determine if the case
had consumed blue cheese (Table 1). The three primary cases associated with the childcare
setting cluster are discussed below.

Table 1: Consumption of Dunsyre Blue cheese by primary cases — final information

Potential exposure to Number of Percentage of | Percentage of non-
Dunsyre Blue/ blue cheese | primary primary cases | child care setting
cases (n=24) cluster primary cases
(n=21)
Consumed Dunsyre Blue 15 62.5 71.4
Consumed blue cheese from | 2 8.3 9.5

a shop known to sell Dunsyre

Blue but unable to recall type

of cheese purchased

Attended a function at which 1 4.2 4.8
Dunsyre Blue was served but

does not report consuming it

Ate blue cheese — no 1 4.2 4.8
information available on place

of purchase or brand

Ate blue cheese but not 1 4.2 4.8
Dunsyre blue

Limited exposure information | 1 4.2 4.8
Childcare setting cluster * 3 12.5 N/A
Total 24

* See below for hypothesis for exposure for the childcare setting cluster.

Fifteen cases are known to have consumed Dunsyre Blue prior to the onset of iliness, for 13
of these cases a date of consumption is known, for the remaining two cases there are
multiple dates on which the cheese may have been consumed. For the 13 cases with a
single known date of exposure both the mean and median time between consumption and
onset of symptoms was 5 days (range 2-8 days) (Figure 3), which falls within the recognised
incubation period for STEC infection®.
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Figure 3: Number of days between consumption of Dunsyre Blue and date of onset (n=13)
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All fifteen cases known to have consumed Dunsyre Blue did so in hotels or restaurants.
Details of the dishes in which the cheese was consumed are contained in Table 2.

Table 2: For the 15 cases known to have consumed Dunsyre Blue details of dish in which the cheese was
consumed

Consumption of Dunsyre Number of cases Percentage of cases

Blue known to have eaten
Dunsyre Blue (n=15)

Cheese consumed in 15 100%

hotel/restaurant

Details of how the Dunsyre Blue was consumed in the hotel/restaurant

Dunsyre Blue on cheese 9 60%

board in hotel/restaurant

Dunsyre Blue in 4 27%

hotel/restaurant menu items

but not part of cheese Board

Dunsyre Blue eaten at work | 2 13%

at hotel/restaurant

5.6.1 Other cheeses on the cheese boards

Fifteen cases consumed Dunsyre Blue within a hotel/restaurant. For nine of these cases this
was as part of cheese from a cheese Board (Table 2). As these cheese boards often
contained multiple types of cheese, investigations were undertaken to determine if there was
any other cheese common to these cheese boards apart from Dunsyre Blue (Table 3).

This showed that there were no other cheeses common to all nine cheese boards that cases
reported eating Dunsyre Blue from.

It is unsurprising that other cheeses were reported to have been consumed given the
number of cases eating from cheese boards. However, four cases who consumed Dunsyre
Blue at hotels/restaurants did so as part of other dishes and not from a cheese board.
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Table 3: Cheese on cheese boards reported by the nine cases who consumed Dunsyre Blue from a
hotel/restaurant cheese board

Type of cheese on cheese board Number of cases

Dunsyre Blue 9

Other cheese B 6

Other cheese C 4

Other types of cheese which appeared on | 12 different types of cheese
only one cheese board

* multiple cheeses were present on some of the cheese boards alongside the Dunsyre Blue.

5.7 Consumption of blue cheese in the general population

Estimates of blue cheese consumption in the general population aged 19 years and over
based on a four day food diary of approximately 2,000 consumers was provided by FSA
from the National Diet and Nutrition Survey data.

Table 4: Estimate of consumption of blue cheese among National Diet and Nutrition Survey participants
based on 4 day food diary (excluding recipes) by UK consumers during 2008/9-2011/12

Age group Number of consumers Percent consumers (%)
reporting blue cheese
consumption in the
previous four days

Adults 19 yrs & older | 41 2.2
Female adults 19yrs 15 1.2
& older

Males adults 19yrs & | 26 3.2
older

Note: that consumption or exposure estimates made with a small number of consumers reporting consumption
may not be statistically reliable. As a guide, estimates based on less than 60 consumers reporting consumption
or exposure should be treated with extreme caution.

Whilst the estimates of blue cheese consumption from the National Diet and Nutrition Survey
data (based on four day food diaries) are based on small numbers, they highlight that blue
cheese consumption is not a common food exposure as it was only reported by 2.2% of the
approximately 2,000 consumers surveyed in the previous four days (if this was scaled up, it
would approximate to 3.8% in the previous seven days). This low rate of blue cheese
consumption is in contrast to the cases within this outbreak, furthermore the National Diet
and Nutrition Survey data relates to all types of blue cheese, while in this outbreak the blue
cheese was one particular artisan variety (Table 1).

Among the 21 primary cases not linked to the childcare setting, 19 (90%) reported the
consumption of blue cheese (15 Dunsyre Blue, two blue cheese from shop known to sell
Dunsyre Blue, one blue cheese but place of purchase is unknown and one reported eating
blue cheese of a different type).

The artisan nature of Dunsyre Blue means it is only sourced from wholesalers and some
specialist retailers and is not sold through supermarkets hence it is unlikely to be a
commonly consumed product.
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5.8 Investigation of childcare cluster in NHS Board A

NHS Board A undertook extensive investigations into the cluster of five cases associated
with a childcare setting. This included in-depth exposure histories for the cases and the food
histories for the parents/caregivers of the cases and childcare setting leaders covering the
14 days prior to onset of the first case.

Neither the cases, nor the adults who were interviewed reported eating Dunsyre Blue during
the time period in question and the source of the infection into the childcare setting was not
established. The most likely hypothesis considered by the National IMT was that the bacteria
were introduced into the venue in which the childcare was held by an unidentified infected
individual with subsequent spread to the childcare group through environmental
contamination e.g. faecal contamination of the toilet facilities.

NHS Board A in line with national guidance® undertook screening of all children and staff
attending the childcare setting. This screening did not identify anyone as an asymptomatic
carrier of the outbreak strain, suggesting that introduction to the childcare environment was
by an individual who had ceased to excrete the pathogen, or was not directly connected with
the group. The venue in which the childcare is held is used by other people/organisations
and not solely the childcare group, and so it is possible that there could have been an
infected individual who used the venue during the relevant time period, but who was not
identified during the outbreak investigation. It is known that infection with E. coli O157
presents with a range of severity from asymptomatic to fatal infection, and therefore
someone who was either asymptomatic or mildly symptomatic may well have contaminated
the environment without themselves being identified.

One confirmed case not connected to the childcare cluster in NHS Board A had an onset
date in early September and had eaten Dunsyre Blue on 26 August. This suggests that there
was still some contaminated cheese available for consumption at the end of August and
therefore there may have been other unidentified cases occurring during that time period.
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6 Analytical Epidemiological investigation — Methods

6.1 Case case analytical study

Analytical epidemiological investigations are undertaken to test the hypothesis that a
particular exposure (in this instance consumption of a specific food) suggested by the
descriptive epidemiology is the most likely vehicle of cases’ infection. There are a number of
analytical study designs which can be undertaken depending on the nature and size of the
outbreak including case control or cohort studies. The ability to undertake such studies
depends on the availability of new cases (upon whom the hypothesis has not been
generated) who can be recruited in sufficient numbers for study’s findings to reach statistical
significance. Following discussions the IMT decided not to conduct a case control study.
This was based on the small number of new cases identified after the link with blue cheese
was established on which to test the hypothesis and the fact that the descriptive evidence
had been strong enough to warrant control measures, including informing the public of the
suspected vehicle. The public’s knowledge of the suspicion could invalidate the results of the
study by influencing the responses of cases and controls.

Another design of analytical study is a case case study, in which cases from previous
outbreaks are used instead of controls. The case case analysis is a proxy for a case control
study. In a case control study the controls would be selected from the same population as
the cases and differentiated from them only by their disease status. This is not the case for
the case case study and the results must be interpreted bearing in mind potential biases
associated with the selected cases from previous outbreaks. For example, you may fail to
demonstrate an association with consumption of a particular food vehicle if previous
outbreaks had the same cause.

A case case study was conducted to compare food exposures among the 24 primary cases
to those in previous outbreaks. This study used 23 cases from previous outbreaks of STEC
and Salmonella infection between 2008 and 2016. In none of these previous outbreaks was
cheese the suspected vehicle of transmission, thus providing a comparison population who
should have an exposure to cheese similar to the general population.

We used 38 questions in the study selected from the trawling questionnaires used in
previous outbreaks. These covered a range of cheese exposures and other biologically
plausible food vehicles, for example burgers and salads as well as some unlikely exposures
such as chocolate which were expected to be the same in the two groups. The principal
analysis was the estimation of the odds ratio of consuming cheese if you are a case in this or
previous outbreaks. Fisher’'s exact test was used to test if the odds ratio was different from
the null hypothesis value of one, indicating no association, and 95% confidence intervals for
the odds ratio calculated. Although animal exposures are a known source of STEC
infection, the information from cases did not identify any commonality in animal exposure
and therefore this was not included in the analysis.

As there were 38 questions in the analysis and as there was no predefined hypothesis
associated with any of the food items in the questionnaire the Benjamini and Hochberg
multiple comparisons method was used®. This adjusts the p value of the individual tests so
that the overall significance level associated with all 38 tests is 5%. This adjustment is
necessary to reduce the possibility of a false positive result — reporting an association
between case status and exposure when, in fact, there is no association.
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When performing one significance test there is a 5% chance of rejecting the null hypothesis
of no association between case status and exposure when there is no association. When
performing two tests on different exposure variables this probability increases to 9.7%,
assuming independence and with 38 tests the chance of reporting at least one significant
association increases to 85.5%, assuming independence of tests. Thus without the
adjustment for multiple comparisons there is a high likelihood of reporting a false positive
result. The individual p value for each significance test are reduced to a much lower level to
ensure that over the 38 tests the chance of reporting one false positive result is 5%
assuming there are no associations over all 38 exposures.

All statistical analysis was carried out using R version 3.2.2.

The analysis was conducted twice during the initial stages of the investigation before all the
cases were identified and then again at the end of the outbreak when information was
available for all 24 primary cases. On this occasion three separate analyses were
conducted:

1. All 24 primary cases from the current outbreak compared to all 23 cases in the
previous outbreaks,

2. The 21 primary cases who were not part of the childcare cluster,

3. All 20 primary cases of 16 years or older.

Analysis 2 and 3 above are largely the same as the childcare cluster cases were less than
16 years old. However analysis 3 is justified as all the cases from the previous outbreaks
were adults and this is a more valid comparison, by comparing the adult cases in this
outbreak with the adult cases from previous outbreaks.

6.2 Bayesian modelling

The second analytical epidemiology methodology employed was Bayesian modelling. This
technique estimates the odds ratio of being a case when exposed to blue cheese compared
to being a case when not exposed and is used to quantify if the proportion of outbreak cases
reporting an exposure is higher than expected compared to a control population. This
modelling is used in this report where there are no population controls and exposure to
cheese in the controls is represented by a prior probability distribution. Information about the
distribution of the exposure within the control population may be unknown in which case the
model would be represented by a uniform distribution within the control population between
0 and 1, or the model may be informed by prior information on the prevalence of exposure in
the control population. A uniform distribution for the proportion of the control population
exposed means that values such as 0.05, 0.1, 0.2 and 0.4 of the population exposed are
equally likely and we have no prior information on which values are more likely than others.
Such prior information as exists for the consumption of blue cheese suggests that this is not
a food product which is eaten by a large proportion of the population and more informative
prior distributions are represented by a beta distribution which still varies over the whole
range from 0 to 1 but has a peak towards the lower end of the distribution at 0.05 or 0.10,
corresponding to 5% and 10% of the control population exposed.
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Our analysis used both a non-informative distribution where distribution of eating blue
cheese within the control population was represented by a uniform distribution to range from
0 to 100% and two informative models based upon information obtained from other sources.

The first of these was based on estimates from some restaurants who estimated either from
menu order records or experience that about 5 to 10% of diners order the cheese board, this
information was obtained during the EHO visits to premises cases had eaten at. As this is
based on those dining out at these restaurants for the general population the percentage of
eating blue cheese is likely to be lower and the model used an estimate centred upon 1% of
the population.

The second was based on the National Diet and Nutrition Survey (Table 4) and used an
estimate of 3.5%.

The Bayesian modelling was conducted twice during the early stages of the investigation
before all the cases were identified and at the end once information was available for all 26
cases.

A more technical explanation of the Bayesian modelling methodology is contained in
Appendix 5.
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7 Analytical Epidemiological investigation — Results

7.1 Case Case analytical study

The case case study using the 24 primary cases in the current outbreak identified four
exposures which were statistically significantly associated with being a case in the current
compared to previous outbreaks in order of significance (Table 5):

i.  Eating blue cheese away from home
ii.  Eating out at hotels
iii.  Eating out at British restaurants
iv.  Eating hard white cheese away from home

Table 5: Results of case case study
The p value is the unadjusted p value.

Sig indicates if the difference was significant once the Benjamini and Hochberg multiple comparisons method
was applied4°. This adjusts the p value of the individual tests so that the overall significance level associated with

all 38 tests is 5%

Question Current Previous outbreak  Odds  Lower Upper P value Sig**
outbreak cases Ratio Cl Cl

Yes \[o] Yes (\[o]
Blue cheese 17 7 0 21 Inf 8.69 Inf <0.0001 Y
eaten away from
home
Eating out at 14 10 0 22 Inf 5.55 Inf <0.0001 Y
hotels
Eating out British 18 6 4 18 1255 2.75 73.40 0.0001 Y
Restaurants
Hard white 9 12 0 21 Inf 2.74 Inf 0.001 Y

cheese eaten
away from home

Other soft cheese 6 15 0 21 Inf 1.37 Inf 0.021 N
eaten away from

home

Burgers away 7 13 2 19 4.92 0.77 55.82 0.067 N
from home

Parsley eaten 3 12 0 20 Inf 0.58 Inf 0.070 N
away from home

Strawberries 4 17 0 20 Inf 0.67 Inf 0.107 N
away from home

Parsley eaten at 0 14 4 18 0.00 0.00 2.30 0.141 N
home

Blue cheese at 4 17 1 22 5.00 0.44 265.85 0.176 N
home

Hot chicken eaten 10 10 5 15 2.92 0.66 1450 0.191 N
away from home

Cheese spread 2 19 6 17 0.31 0.03 2.02 0.245 N
eaten at home

Goats cheese 0 21 1 7 0.00 0.00 14.86  0.276 N
away from home

Snack foods 6 2 20 2 0.31 0.02 5.20 0.284 N
Strawberries 12 10 8 14 2.06 0.54 8.35 0.364 N
eaten at home

Handled potatoes 10 9 6 2 0.38 0.03 2.92 0.405 N
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Other types of 7 2 12 9 2.55 0.36 30.90 0.419 N
biscuits

Any eating out 24 0 22 1 Inf 0.03 Inf 0.489 N
Goats cheese 1 20 1 8 0.41 0.00 35.29 0.517 N
eaten at home

Tomatoes eaten 10 12 7 14 1.65 0.41 6.90 0.536 N
away from home

Processed 2 19 2 7 0.38 0.02 6.22 0.563 N
cheese eaten at

home

Burgers eaten at 1 16 3 20 0.43 0.01 5.89 0.624 N
home

Handled carrots 7 12 4 4 0.60 0.08 4,32 0.675 N
Handled onions 9 10 5 3 0.55 0.07 3.84 0.678 N
Wrapped 4 5 12 9 0.61 0.09 3.78 0.694 N
chocolate

Steak at home 4 13 4 19 1.45 0.23 9.34 0.702 N
Mixed salad 7 14 8 11 0.69 0.16 2.99 0.745 N
leaves eaten at

home

Mixed salad 9 13 6 13 1.49 0.35 6.71 0.746 N
leaves away from

home

Hot chicken eaten 14 6 14 8 1.32 0.31 5.99 0.750 N
at home

Lettuce at eaten 8 13 10 12 0.74 0.18 2.93 0.760 N
at home

Tomatoes eaten 10 11 13 10 0.71 0.18 2.68 0.763 N
at home

Steak away from 2 19 3 18 0.64 0.05 6.27 1 N
home

Cheese spread 1 20 0 21 Inf 0.03 Inf 1 N
away from home

Other soft cheese 3 18 3 20 1.11 0.13 9.37 1 N
at home

Hard white 14 8 14 9 1.12 0.29 4.46 1 N
cheese at home

Sandwiches away 14 8 13 9 1.04 0.26 4.25 1 N
from home

Lettuce away 8 13 8 12 0.92 0.22 3.87 1 N
from home

Processed 0 21 0 8 NA NA NA 0.05 N
cheese away from

home

* not all questions were answered by all cases, partly due not all cases having exactly the same questionnaire
administered, especially for the cases from previous outbreak investigations compared to the current
investigation and compared to each of these previous outbreak.

** Variables ordered by level of significance

Table 5 presents the results when the case case analysis was run at the end of the study
with the 24 primary cases. However, the analysis was run twice during the investigation
before all the cases were identified and gave similar results.

If the childcare cluster cases are excluded or only adults included then in addition to the
above four exposures “eating other soft cheese away from home” is also associated with
being a case in the current outbreak. The fact that “eating hard cheese away from home”
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and “eating other soft cheese away from home” both feature in the analysis is likely to be the
result of confounding i.e. cases who ate Dunsyre Blue were more likely to eat other cheese
from cheese boards as well. As discussed previously no other cheese was identified that
accounted for the same high proportion of cases as Dunsyre Blue (Table 3).

From the previous outbreaks 0 out of 21 (2 were not asked this question), cases reported
eating blue cheese away from home compared to 17 out of the 24 primary cases in this
current outbreak. Because there is a zero the odds ratio is infinity but the lower 95% limit is
still 8.69, meaning that eating blue cheese outside the home was at least 8 times more likely
among the cases in this outbreak than in other outbreaks. When the childcare cluster cases
are excluded the numbers change to 17 out of 21. This refers to blue cheese eaten away
from home, in addition to these cases there are a small number of cases who also ate blue
cheese at home but due to small numbers this was not statistically significant.

The case case study was only able to investigate cheese consumption down to the level of
general type of cheese i.e. blue cheese, hard white and not specific types/brands as this
level of information was not sought for the cases from the earlier outbreaks. The case case
study identified a significant association with eating blue cheese, even without taking into
account the additional evidence that it was one specific artisan type of blue cheese that was
identified among cases in the current outbreak.

7.2 Bayesian modelling
The final Bayesian modelling conducted at the end of the investigation was based upon 26
cases among whom 17 ate blue cheese away from home.

Using this methodology an odds ratio close to 1 would indicate the level of exposure among
the outbreak cases was not statistically significantly different from the control population, and
the larger the estimate of the odds ratio, the greater the strength of the difference between
the cases in the outbreak and the control population in eating blue cheese away from home.

When the Bayesian modelling is conducted using the information from the previous outbreak
cases, as used in the case case study where 0 out of the 21 cases had consumed blue
cheese away from home, the median odds ratio is 59 (95% credible interval 8, 1721).

When the estimate for blue cheese consumption away from home is centred on 1%, with a
range of 0-4% the odds ratio is 270 (95% Crl 39, 7729). When the estimate is kept at 1% but
the range extended from 0 to 10% the odds ratio is 196 (95% Crl 14, 93814).

When the estimate for blue cheese is based on the National Diet and Nutrition Survey at
3.5%, with a range of 0 to 8%, the odds ratio was 78 (95% Crl 16, 264). When the estimate
is kept at 3.5% but the range extended from 0 to 16%, the odds ratio was 50 (95% Crl 8,
940).

The wide credible interval (the Bayesian equivalent of the confidence interval) show the
uncertainty in these estimates, however all the odds ratios and the lower limit of the credible
intervals are well above 1, with odds ratios as high as 78 when using the estimate based on
the National Diet and Nutrition Survey indicating that blue cheese consumption away from
home was statistically significantly more common among cases in this outbreak than any of
the estimates used for the control population. All versions of the analysis provided very high
estimates for the odds ratios. It would be necessary to assume that between 30-40% of the
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population usually eat blue cheese away from home before the lower limit of the 95%
credible interval approaches 1 and the exposure among the outbreak cases is no longer

different from what would be expected.

A more technical explanation of the Bayesian modelling results is contained in Appendix 5.
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8 Clinical Microbiological Investigation — Methods

8.1 Referral of samples to SERL

Faecal samples from symptomatic individuals are submitted to local diagnostic laboratories
for culture, and presumptive isolates of E. coli 0157 are then forwarded to SERL for
confirmation and typing. In addition, faeces testing negative at the local diagnostic laboratory
but from individuals with symptoms suggestive of an STEC infection, or from symptomatic
contacts of known cases, are also forwarded to the SERL for more sensitive testing in line
with current Scottish guidance®.

SERL uses real-time PCR to detect shiga toxin genes (stx1 and stx2), including all variants,
and a gene specific for E. coli 0157 (rfboss7) in each submitted sample. Samples which are
positive by PCR are reported to the sending laboratory and then cultured to confirm STEC
infection. If real-time PCR detects the presence of an E. coli O157 organism, then
Immunomagnetic Separation (IMS) is carried out to aid in the isolation of an organism.

8.2 Phage Typing

All E. coli 0157 isolates are sub-typed using phage typing** and Multi Locus Variable
number tandem repeat Analysis (MLVA)*. Phage typing tests the susceptibility of each
confirmed E. coli 0157 isolate to a standard panel of sixteen different bacteriophages. The
output is a phage infection profile based on the lysis pattern produced by each phage. This
profile is then compared with the international phage typing scheme and a phage type is
assigned.

8.3 Multi Locus Variable number tandem repeat Analysis

MLVA is a typing method used to determine relatedness of E. coli O157 strains isolated from
different patients. This method detects the number of repeat DNA sequences at eight
different sites of the E. coli O157 genome. The output is a string of eight numbers - the
MLVA profile - each number representing the number of repeats at each of the eight sites.
SERL commenced routine MLVA typing in December 2012, and has a database of
approximately 1,200 clinical E. coli 0157 MLVA entries, against which each new MLVA
profile is compared. If strains of E. coli 0157 from different patients share the same MLVA
profile (or share the same number of repeats at seven of the eight sites — this is called a
single locus variant), this demonstrates the strains are closely related. When an MLVA
match occurs, the strains are forwarded to PHE for whole genome sequencing (WGS).

In order to compare E. coli O157 isolates in Scotland with isolates from cases in England
and Wales, SERL sends Scottish isolates to PHE for WGS.

8.4 Whole Genome Sequencing

For WGS, DNA was extracted by PHE from cultures of STEC O157 for sequencing on the
lllumina HiSeq 2500 instrument as described previously in the work of Jenkins et al *°. High
quality lllumina reads were mapped to the STEC O157 reference genome Sakai (Genbank
accession BA000007). Single Nucleotide Polymorphisms (SNPs) were identified and core
genome positions that had a high quality SNP in at least one isolate were extracted and
used to derive the maximum likelihood phylogeny of the isolates.

Genomes were compared by a Bioinformatician at PHE to the sequences held in the PHE
STEC 0157 WGS database. This database comprises genomes from over 2,000 cultures of
STEC 0157 submitted to Gastrointestinal Bacteria Reference Unit (GBRU) between 1982
and 2016. The majority of isolates were from human cases in the UK reporting domestically
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acquired infection, although cases associated with foreign travel and isolates from domestic
cattle and from food samples were also included. Isolates of STEC 0157 with fewer than five
SNPs differences within their core genome were considered closely related and likely to
have an epidemiological link*.

At PHE the SNP address is used to provide an isolate level nomenclature that can be used
to group isolates at different levels of genomic similarity. Isolates with identical SNP
addresses have no changes in their core genome. To generate the SNP address,
hierarchical single linkage clustering was performed on the pairwise SNP difference between
all isolates at various distance thresholds (A250, A100, A50, A25, A10, A5, AO). The result
of the clustering is a SNP address that can be used to describe the population structure
based on clonal groups. Although isolates greater than 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.
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9 Clinical Microbiological Investigation — Results

9.1 MLVA profiles

SERL confirmed 21 cases of E. coli O157 infection resident in Scotland shared the same
phage type (PT21/28), shiga toxin gene profile (stx1 negative, stx2 positive) and the same
MLVA profile (7, 4, 6, 14, 7, 8, 8, 12) or a single locus variant thereof. This particular MLVA
profile and variant were unique to the SERL MLVA database which meant this strain had not
been observed in Scotland since the introduction of the MLVA method in December 2012. In
addition, SERL received isolate DNA from a patient residing in the ROI but with Scottish
exposures and isolates from two cases residing in England. The MLVA profile from these
three cases also matched the outbreak MLVA profile. The remaining two cases were
resident in England and confirmed as part of the outbreak through WGS.

9.2 WGS Analysis

Isolates from the 21 outbreak cases resident in Scotland were sent by SERL to PHE for
WGS. This revealed that these isolates differed by fewer than 5 SNPs. A further five isolates
differing by fewer than 5 SNPs following WGS were identified by PHE as being part of the
outbreak. This included the ROI isolate and four isolates from patients resident in England.
Sixteen of the 26 isolates have the identical SNP address 4.4.4.2160.3025.3143 indicating
identical genomes. The remaining outbreak isolates differ by single SNPs from this profile.
Therefore the isolates from all 26 cases were confirmed by WGS to differ by fewer than 5
SNPs.

Research has shown that core genome sequences of E. coli 0157 from temporally linked
cases that share a common epidemiological exposure are the same, or fall within 5 SNPs of
each other®®, and therefore all 26 cases within this 5 SNP cluster belonged to this outbreak.

WGS analysis also confirmed that the Scottish outbreak strains were E. coli 0157:H7 and
possessed stx2a/2c¢ and eae genes.
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Figure 4: Phylogenetic tree for the Whole Genome Sequencing for the outbreak isolates. Maximum
likelihood phylogeny of 26 E. coli O157:H7 genomes rooted against the closest outlier strain

(H153840762).

Figure 4 shows the phylogenetic tree for the WGS results for the 26 isolates, the smallest
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branch on the tree is 1 SNP, showing that all cases fall within the same 5 SNP cluster. The

genetic similarity between the isolates is consistent with the cases being exposed to the

same source.
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10 Food Chain Investigation — Methods

Throughout the investigation, HPS provided information on the premises that cases had
eaten at and the foods consumed to FSS to facilitate food chain investigations. FSS
coordinated food chain investigations carried out by FSS and local authority Environmental
Health Teams.

10.1 Environmental Health Officer visits to premises

On 26 July FSS informed local authorities of premises where cases had consumed or
purchased particular products from. FSS asked local authorities to visit premises and
provide full details of all types of cheese, salads and garnishes used/sold by the business as
well as information about their suppliers. Local authorities were provided with details of the
meal(s) consumed by cases and asked to secure information on the following:

¢ Name of establishment,

e Type of establishment,

e Address of establishment,

e Type of product (including products that contained either cheese, salad and/or
garnishes),

e Brand names,

e Batch codes,

¢ Durability dates,

e Supplier (including address and approval number if applicable).

Local authorities were also asked to identify if there was more than one supplier for any
specific product and, if so, asked to provide details.

Throughout the investigation FSS communicated with FSA, who were involved as there were
premises in England where cases had consumed cheese, and information was obtained on
the type and supply chain of the cheese consumed.

10.2 Supply chains

One major supplier (Supplier A) and some smaller suppliers of Dunsyre Blue were identified
via local authority visits to a number of hotels/restaurants and shops. FSS asked local
authorities in which there were relevant suppliers to obtain information from suppliers on the
batches of cheese delivered to relevant premises and dates of delivery.
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11 Food Chain Investigation — Results

11.1 Supply chain for Dunsyre Blue

Figure 5 shows the distribution chain for Dunsyre Blue to the premises where cases reported
consuming or purchasing the product. All 15 cases known to have consumed Dunsyre Blue
did so from premises supplied by Supplier A, this was also established to be the main
supplier of Dunsyre Blue in Scotland.

The competent local authority visited Supplier A on 28 July. Information was provided
indicating that the relevant premises had received batches of C22 and/or D14 of Dunsyre
Blue prior to the dates on which the cases visited the premises. The IMT considered this
information at the meeting of 28 July, which informed the decision to recommend a recall of
these two specific batches.

Supplier A informed their local authority on 4 August that although they had received
batches C22 and D14 from ECL they were no longer certain which batches they had
supplied to which premises. Subsequent analysis by FSS of the delivery notes from
Supplier A showed that Dunsyre Blue was supplied between 16 June and 04 July (a 19 day
period) to premises where 15 cases had consumed food, providing evidence that the source
of infection for the first 20 cases was one or a small number of contaminated batches of
Dunsyre Blue.

The information collected by local authorities during their visits to premises where cases had
eaten did not identify any commonality among the consumption/supply of salads or
garnishes that accounted for the same high proportion of cases as Dunsyre Blue.

Most Dunsyre Blue is sold within Scotland, with a smaller amount distributed to the rest of
the UK. For batches C22 and D14, 67% and 71% respectively of the supply direct from
Errington Cheese Ltd was to Scottish businesses.
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Figure 5 Diagram of distribution chain for Dunsyre Blue to the premises where cases reported consuming or purchasing the product.
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12 Food Business Operator Investigation

12.1 Cheese produced by Errington Cheese Ltd

Errington Cheese Ltd (ECL) is a manufacturer of unpasteurised cows’ and ewes’ milk
cheese based in South Lanarkshire (Table 6), for which South Lanarkshire Council (SLC) is
the competent authority (Food Hygiene (Scotland) Regulations 2006). The last scheduled
food hygiene inspection was carried out in October 2015.

Table 6: Types of cows’ and ewes’ milk cheese produced by ECL

Cheese Milk Description

Dunsyre Blue Unpasteurised cow Blue cheese

Maisie’s Kebbuck Unpasteurised cow Semi-hard white cheese
Lanark White Unpasteurised ewe Semi-hard white cheese
Lanark Blue Unpasteurised ewe Blue cheese

Corra Linn Unpasteurised ewe Hard white cheese

Sir Lancelot Unpasteurised ewe Lactic cheese

Each batch of each type of cheese is alphanumerically coded, where the letter denotes the
month of production and the number corresponds to the day of production e.g. C14 was
made on 14 March. Eighty-eight batches of Dunsyre Blue were produced between 01/03/16
and 25/08/16. A batch is about 160-200kg of cheese; a batch consists of one day’s
production of cheese, made from typically 2000 litres of milk.

ECL receive one delivery of cows’ milk a day from a single dairy farm transported by a
tanker company. The ewes’ milk is from their own flock of sheep milked on their own farm.

FSS contacted SLC on 26 July to advise that cheese produced by ECL had a tentative link
to an outbreak of E. coli 0157, and asked SLC to obtain information on distribution by ECL
of Dunsyre Blue and Lanark Blue cheeses from the start of June 2016, this information was
provided to FSS on 27 July.

12.2 Food legislation applicable to cheese production

The Food Safety Act 1990 remains the overarching piece of legislation governing food
safety in Scotland, however much of the detailed food law applicable to ECL at the time of
this outbreak is derived from EC Regulations:

e Regulation EC 178/2002 lays down the general principles and requirements of food
law in the EU. These regulations include food safety requirements, contained within
(Article 14). Article 14 places a duty on food business operators (FBOSs) to ensure
food placed on the market is not ‘unsafe’, i.e. injurious to health, or unfit for human
consumption. It lays down the provisions for FBOs to withdraw and recall ‘unsafe’
foods from the market (Article 19). Regulation EC 178/2002 is enforced by The
General Food Regulations 2004, which make it an offence not to comply with Articles
14 and 19 in Regulation EC 178/2002.

e Regulation EC 852/2004 is the main EU regulation applying to all food businesses
on the hygiene of foodstuffs. It contains Article 5, which requires FBOs to put in
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place, implement and maintain a permanent procedure or procedures based on
Hazard Analysis and Critical Control Point (HACCP) principles. This includes
requirements for FBOs to identify any hazards associated with their production
system and to establish controls for ensuring these hazards are prevented,
eliminated or reduced to acceptable levels. It further requires that FBOs establish
procedures to verify that these controls are working effectively and that it keeps
documents and records to demonstrate the effective application of these measures.

Annex Il to Regulation EC 852/2004 contains the general hygiene requirements for
all food business operators. Article 4, Annex I, Chapter IX — provisions applicable to
foodstuffs, states that:

“A food business operator is not to accept raw materials or ingredients, other than
live animals, or any other material in processing products, if they are known to be, or
might reasonably be expected to be, contaminated with parasites, pathogenic
microorganisms or toxic, decomposed or foreign substances to such an extent that,
even after the food business operator had hygienically applied normal sorting and/or
preparatory or processing procedures, the final product would be unfit for human
consumption.”

Regulation EC 853/2004 lays down specific additional hygiene rules for food of
animal origin. It requires premises to be approved, which ECL was and continues to
be so. It also contains Annex I, Section IX of which applies to raw milk and dairy
products. ECL were found to be compliant with this Regulation, both prior to and
following the outbreak.

Regulation EC 2073/2005 sets out the microbiological criteria to be adhered to in
foods produced in the EU. No standard for raw milk cheese [a standard was added
for sprouted seeds in 2013] exists within this regulation in relation to STEC or E. coli
0157, however recital 14 provides information on their stance of VTEC organisms. It
states that “The SCVPH (Scientific Committee on Veterinary Measures relating to
Public Health) issued an opinion on verotoxigenic E. coli (VTEC) in foodstuffs on 21
and 22 January 2003. In its opinion it concluded that applying an end-product
microbiological standard for VTEC O157 is unlikely to deliver meaningful reductions
in the associated risk for the consumers. However, microbiological guidelines aimed
at reducing the faecal contamination along the food chain can contribute to a
reduction in public health risks, including VTEC. The SCVPH identified the following
food categories where VTEC represents a hazard to public health: raw or
undercooked beef and possibly meat from other ruminants, minced meat and
fermented beef and products thereof, raw milk and raw milk products, fresh produce,
in particular sprouted seeds, and unpasteurised fruit and vegetable juices.”

The Food Hygiene (Scotland) Regulations 2006, as amended, create the offences
in terms of not complying with Regulations EC 852/2004, 853/2004 and 2073/2005.
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12.3 Industry Best Practice Guidance — The Specialist Cheesemakers

Assured Code of Practice

In addition to the aforementioned legislative requirements, the UK industry guide applicable
to the cheese industry is the “Specialist Cheesemakers Assured Code of Practice”, The
Specialist Cheesemakers Association (SCA) Edition 1, 2015. This document describes itself
as “not intended to be an authoritative guide to cheesemaking — its prime aim is to provide
guidance on good hygiene practices”. It would therefore be considered “best practice” for
cheesemakers to follow this Code.

12.4 Application of food safety controls at ECL

ECL had identified a number of pathogens, including E. coli 0157, as potential hazards and
had established controls, which they considered would be effective in reducing the risk of
cheese being contaminated with pathogens to an acceptable level. It should be noted that
an acceptable level for STEC in a ready to eat food would be absence, due to the low
infective dose required for these organisms to cause illness. The risk of E. coli 0157 was
considered by ECL to be low throughout the primary production phase and processing
phase of the operation.

At the time of the outbreak ECL had identified two critical control points (CCPs) in respect to
their Food Safety Management System based on HACCP principles. The first CCP related to
their milk supply with a critical limit of 10°C having been set for the acceptance of raw milk
delivered to the premises. The second CCP related to “cheesemaking acidity” with a critical
limit for blue cheese being an acidity of not less than 0.5% at 5™ turn/last turn of the day, and
a pH of less than 4.9 at the morning turn.

The significant hazards which these two CCPs were identified to control, i.e. prevent,
eliminate or reduce to acceptable levels were, in relation to the milk supply, “formation of
toxins from the growth of Staphylococcus aureus from incoming or prolonged storage at
warm temperatures” and, in relation to cheesemaking acidity, the “growth of pathogenic
organisms (Staphylococcus aureus, Salmonella, Listeria monocytogenes) and development
of toxin due to low level of lactic acid and starter populations in relation to target makes.”
Whilst these controls will also contribute to a reduction in STEC/E. coli 0157, the scientific
literature, and the SCA Assured Code of Practice recognises that STEC/E. coli 0157 is able
to survive certain cheesemaking processes. However, ECL had not undertaken any
technical assessment or sampling to enable them to demonstrate the extent to which STEC
or E. coli 0157 that may have been introduced via the raw milk supply, would have been
capable of surviving and growing throughout the production and maturation process for their
cheese.

As such operational pre-requisite programmes (0PRPs) to prevent the introduction of faecal
contamination into the raw milk supply represented the primary control for STEC in ECL
cheeses. In order to assess the effectiveness of these oPRPs, it is necessary to verify
measureable or observable action criteria and identify corrective actions to control the
hazard. Controls in relation to ECL’s raw milk supply consisted of the observance of good
animal health and husbandry, together with the application of good agricultural and hygiene
practices to minimize opportunities for raw milk to be contaminated with pathogens.
However, scientific evidence for the impact of animal husbandry on STEC shedding by cattle
is inconclusive, and it is therefore important that appropriate verification is undertaken to
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assess the effectiveness of hygiene practices in preventing contamination of the raw milk
supply.

Whilst ECL had a specification in place for their supplier of raw cows’ milk (a single dairy
farm), including a requirement that the milk was free from E. coli O157, this was not being
verified with regard to the STEC hazard. The verification of hygiene standards relating to the
raw milk supply involved supplier audits, the reviewing of somatic cell count levels for both
cows’ and ewes’ milk, and microbiological sampling for indicator organisms. Raw milk was
being sampled weekly for aerobic colony counts and Enterobacteriaceae levels, and monthly
for Staphylococcus aureus and Listeria. No specific testing had been undertaken to verify
the absence of E. coli 0157 in ECL’s raw milk supply in accordance with their specification.
The SCA Assured Code of Practice recommends that a test schedule be implemented in
respect to STEC in raw milk, and although it does not specify the frequency of this testing, it
recommends a risk based approach. Cheesemakers should establish their sampling
frequency based on a number of factors; principally their relationship with the milk producer,
the type of cheese produced, the size of business and any requirements imposed by
customers. The Code of Practice proposes that frequency of testing could be anything from
weekly to six monthly, but should be reviewed periodically and amended according to
results. It suggests that for many specialist cheesemakers quarterly testing of pathogens in
raw milk might seem to be appropriate.

In addition to the sampling regime for their raw milk, ECL also carried out microbiological
testing at the curd stage of cheese production including weekly sampling for both generic
E. coli and Listeria, monthly sampling for Salmonella and twice monthly sampling for
Staphylococcus aureus.

The testing regimes applied by ECL for cheeses produced leading up to the outbreak did not
follow the recommendations of the SCA Assured Code of Practice for generic E. coli testing,
as well as routine checks for E. coli 0157 in both raw milk and cheese. Despite this, ECL
were accredited to the Safe and Local Supplier Approval (SALSA) and the SCA Standard for
the ‘manufacture, maturation and packing of soft blue and hard pressed cheese made from
raw cows’ and ewes’ milk’ at the time of the outbreak and were found on audits to be
compliant with the contents of it.

It is unclear whether adoption of the SCA testing recommendation would have enabled ECL
to routinely identify E. coli 0157 contamination of affected batches of milk, however the
absence of any STEC testing regime prevented ECL from being able to demonstrate that
their food safety management system was capable of controlling this hazard. This incident
has highlighted that there is a need to strengthen existing guidance on STEC risks in raw
milk production, particularly with regard to appropriate validation and verification of controls.

Sampling undertaken by SLC following the outbreak has indicated that the existing controls,
which ECL had in place were not sufficient or failed on some occasions to prevent STEC
being present in final product, at or immediately prior to the point of sale (see food
microbiology results section for positive results). The actual controls that had failed to
prevent contamination were not identified, although the original contamination is most likely
to have occurred during the milking of animals which were shedding the pathogen. It is also
necessary to consider the possibility that cross contamination in the processing environment
could have led to the contamination of cheese types from different milk sources, which may
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have attributed to sample results which identified the same strains of E. coli in both cows’
and ewes’ milk cheese.

Following the outbreak ECL reviewed their Food Safety Management system. The revised
document will now include more detailed information on the verification being carried out by
ECL during on-farm audits, and the sampling plan was amended to include testing for E. coli
0157 and STEC. Finally, every batch of raw milk will be sampled for the presence of E. coli
0157 as a means of validating controls applied at the milking stage. The microbiological
testing regimes undertaken by ECL leading up to and subsequent to the outbreak are
presented in Table 7 and Table 8.

Table 7: Microbiological testing undertaken by ECL at the time of the outbreak

Microbiological test Raw milk Cheese curd
Aerobic Colony counts Weekly

Enterobacteriaceae Weekly

Staphylococcus aureus Monthly 2 X Monthly
Listeria species Monthly Weekly
Salmonella Monthly

E. coli — generic Weekly

E. coli 0157

STEC

Sampling plan states that “where results are unsatisfactory all cheese will be tested on a
positive release basis until results are satisfactory for at least a 3 month period”

Table 8: New microbiological testing revised by ECL since the outbreak

Microbiological test Raw milk Cheese curd Finished
Product

Aerobic Colony counts Weekly/monthly

Enterobacteriaceae

Staphylococcus aureus Weekly/monthly Weekly/monthly

Listeria species Weekly/monthly Weekly/monthly Quarterly

Salmonella Weekly/monthly Weekly/monthly Quarterly

E. coli — generic Weekly/monthly Weekly/monthly

E. coli 0157 Every batch Weekly/monthly

STEC Quarterly Quarterly

Sampling plan states that testing will be undertaken “weekly, if results are satisfactory over a
1 month period, revert to monthly”

12.5 Summary of deficiencies identified in ECL’s food safety

management system with regard to the risk of STEC
¢ No specific testing of raw milk or cheese to assess for the presence of E. coli 0157

or STEC

¢ Identification of the risk of E. coli O157 as low in the absence of any specific testing

regime to verify this

¢ No evidence and/or validation to demonstrate the extent to which controls applied
during the cheese production and maturation process would have been capable of
controlling the introduction, survival and or proliferation of the E. coli 0157 or STEC
hazard in the products or the processing environment.
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12.6 Visits to ECL by SLC and sampling undertaken
SLC took five informal samples of Dunsyre Blue on 29 July in response to the
epidemiological link to Dunsyre Blue identified by the IMT on 28 July.

At the initial stages the investigation focused on gathering information requested by the IMT
and reviewing the information in relation to the food safety management arrangements used
by ECL in relation to controls for E. coli O157. A site visit was carried out on 12 August and
went through the cheese making process and SLC considered if any additional controls
could be employed by ECL.

SLC determined to take samples of cheese to obtain information relating to water activity
and pH at the point of dispatch to inform SLC’s discussions with ECL on their procedures
based on HACCP principles. On 23 August SLC took two informal samples of Dunsyre Blue
that were ready to be placed on the market for microbiological quality and physicochemical
testing. A younger cheese (batch F15) and a more mature cheese (batch E31) were taken,
with a view of comparing the physico-chemical characteristics. On 25 August SLC were
advised of a presumptive positive for non-0157 STEC for batch F15 (for details of all
samples results see Food Microbiology section), at this point the work of SLC moved to
checking for potential contamination of other batches.

On 26 August formal samples were taken of Dunsyre Blue that was ready to be placed on
the market. SLC took samples from batches E12, E24, F2 and F13 at that time.

On 29 August, SLC took nine formal samples of cheese from batch F15 of Dunsyre Blue and
30 formal samples from other available batches of Dunsyre Blue.

On 31 August, SLC took four formal samples of batch E24 of Dunsyre Blue. In addition,
formal samples were also taken of Masie’s Kebbuck (unpasteurised cows’ milk cheese) and
of Corra Linn, Lanark Blue, Sir Lancelot and Lanark White (all unpasteurised ewes’ milk
cheeses).

SLC took samples of raw milk and swab samples from the dairy farm that supplied the cows’
milk to ECL for their cheese on 29 September and this was followed up with further sampling
from 17-20 October.

On 7 October SLC took environmental swabs from the ECL premises.

12.7 Microbiology results provided by ECL to SLC
As part of the investigation SLC requested from ECL the microbiological sampling results
available for samples since March 2016.

The tanker company provided SLC with available results of both Bactoscan and somatic cell
counts for the cows’ milk received in March and April (when C and D batches would have
been produced, although none of the results available related to the milk used in batches
C22 or D14). All available results for Bactoscan and somatic cell counts were satisfactory
and well within standard values. Bactoscan results indicate the level of bacterial
contamination from external sources, e.g. milking equipment which has not been adequately
cleaned or poor udder or teat preparation, and can indicate a high level of environmental
pathogens. Somatic cell counts are the main indicators of milk quality. They represent cells
shed in response to infection e.g. when a cow/ewe is suffering from mastitis.
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At the time of the outbreak ECL undertook weekly testing of the raw cows’ milk for hygiene
indicator organisms (colony counts <100,000 cfu/ml and Enterobacteriaceae <10,000 cfu/ml)
with monthly checks for Staphylococcus aureus and Listeria spp (Table 7).

ECL provided SLC with results of raw cows’ milk sampling undertaken between 2 March
2016 and 19 July 2016 which showed that levels of Enterobacteriaceae ranged from <10 to
1260 cfu/ml. All these results are below the criteria set in ECL’s sampling plan. Results were
available for the cows’ milk used to produce batch C22 of Dunsyre Blue. The aerobic colony
count was 1,300 cfu/ml, Enterobacteriaceae 1,100 cfu/ml and Listeria species were not
detected; these results were satisfactory. As per ECL’s sampling plan these samples were
not tested for E. coli or STEC. No sample results were available for the raw milk used for
batch D14.

Results for aerobic colony counts ranged from 570 to 28,000 cfu/ml which meets ECL’s own
and EU criteria (<100,000 cfu/ml). However the SCA Assured Code of Practice recommends
a stricter criterion for a plate count at 30°C of <10,000 cfu/ml; 6 of the 18 samples were =
10,000 cfu/ml thus exceeding the SCA guidance.

ECL provided SLC with results of testing of pooled samples (usually 3 or 4) of Dunsyre Blue
they undertook between 2 March and 12 July. E. coli results for the 20 pooled samples
ranged from <10 to 640 cfu/g, which do not exceed ECL’s set criteria or that of the SCA
guidance (<10,000 cfu/g). Results for Listeria spp., Salmonella and S. aureus were all
satisfactory. No testing had been undertaken for E. coli 0157 or STEC.

12.8 Private Water Supplies

Private water supplies have previously been implicated in outbreaks of STEC infection. ECL
are supplied by a private water supply from a spring that serves the food business, farm and
three further residential properties. SLC confirmed that the supply is sampled annually and
the most recent sample was in April 2016. The sample was satisfactory, additionally all
results from the supply have been satisfactory since 2011. The supply has a UV treatment
system, which was installed in 2008. The source storage tank is fenced off to prevent access
by livestock. Visits by SLC to ECL confirmed that no water from the private water supply is
added at any stage of the cheese production process.

12.9 Tanker Company

ECL receives cows’ milk from a single dairy farm. The milk is transported by a tanker
company. The relevant local authority visited the tanker company, reviewed relevant
documentation and undertook extensive sampling from four of the tankers. The swabs from
the tankers were tested for generic E. coli, E. coli O157, Listeria monocytogenes,
Enterobacteriaceae and total viable counts. All results were satisfactory. The local authority
inspecting the tanker company did not identify any areas of concern.
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13 Food Microbiological Investigation — Methods

13.1 Products sampled
Throughout the investigation a number of samples of Dunsyre Blue and other cheese
produced by ECL were sampled. These samples can be divided into a number of groups:

o Where possible EHOs visiting the hotels/restaurants at which cases had eaten took
samples of Dunsyre Blue on the premise at the time of the visit. As these visits
occurred a number of weeks after the case consumed the implicated cheese, it is
unlikely that the cheese on the premise was the same batch as that served to the
case.

e Some of the cheese returned to local authorities as part of the voluntary recall of
batches C22 and D14 and the Food Alert for Action. In addition, cheese was sampled
by local authorities while visiting premises that stocked Dunsyre Blue. From the
voluntary recall only batch D14 was available for testing.

e As discussed above SLC undertook extensive sampling of cheese produced by ECL,
milk samples and environmental swabs.

¢ The relevant local authority took environmental samples from the tanker company
that transports the cows’ milk from the dairy farm to ECL.

13.2 Examination of cheese, milk and environmental samples at City of

Edinburgh Council Scientific Services

During the investigation 74 cheese samples, 21 milk samples and 25 environmental swabs
were submitted by SLC to City of Edinburgh Council Scientific Services (ESS) who are their
appointed Food Examiner under the Food Safety (Sampling & Qualifications) (Scotland)
Regulations 2013*. ESS is a FSA authorised EU Food and Feed Official Control Laboratory
(OCL)*. An additional three cheese samples were submitted by other local authorities as
part of the investigation, including two cheese samples of batch D14 from Orkney Islands
Council following the recall.

A range of standard United Kingdom Accreditation Service (UKAS) accredited culture tests
were applied to examine the samples including enumeration tests such as generic E. coli per
gram, Enterobacteriaceae per gram and detection of E. coli O157 per 25 gram using
immuno-magnetic separation (IMS). Confirmation of E. coli 0157 was by serology using
latex agglutination kit and biochemical tests (APl 20E) before submission to SERL for further
confirmation. DNA extracted from samples was also examined by real time PCR using a
UKAS flexible scope accredited procedure based on an ISO" method 1ISO/TS 13136:2016%
for virulence gene markers such as stx1, stx2 and eae.

Initially modified Tryptone Soya Broth (mTSB) which had added antibiotic supplements to
suppress competing bacteria was used as the enrichment broth of choice since this is
optimised for recovery of E. coli 0157:H7. With guidance from SERL, Buffered Peptone
Water (BPW) was used as an enrichment broth to improve recovery of stressed E. coli 0157
and E. coli non-0157 strains. The use of either mTSB or BPW enrichment broths is part of
the standard accredited method at ESS. Research has shown the application of BPW for the
resuscitation of non-0157 STEC*'; this published work was discussed by EU member states

e} (the International Organisation for Standards) is a worldwide federation of national standards
bodies
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E. coli STEC/VTEC reference laboratories at the annual EU reference laboratory workshop
in Rome (2016) and is likely to be included in an update to the STEC PCR reference method
ISO 13136*

To further assist recovery of live STEC organisms from the BPW enrichment broth for some
samples “acid shock” was used to suppress competing bacteria. The use of acid shock was
advocated by the Norwegian National STEC/VTEC laboratory®® and is likely to be included in
an update to the STEC PCR standard reference method ISO 13136.

The results of the examination were assessed against the Health Protection Agency (HPA)
Guidelines for Assessing the Microbiological Safety of Ready-to-Eat Foods Placed on the
Market (November 2009)*°, Annex Il Chapter IX of Regulation (EC) 852/2004 on the hygiene
of foodstuffs or the Specialist Cheesemakers Association Guide (2015) as appropriate.
Samples which were presumptive positive for either E. coli O157 by culture or shiga toxin
gene (stx) positive by real time PCR at ESS were submitted to SERL who confirmed ESS
findings as described below. Formal certificates for legal and enforcement purposes were
issued to SLC under Food Safety (Sampling & Qualifications) (Scotland) Regulations 2013*

In addition to the 74 samples submitted to ESS, during the course of the investigation
cheese samples submitted by other local authorities to Glasgow, Aberdeen and Dundee
Scientific Services, underwent similar testing for E. coli O157. As not all Public Analyst
laboratories are able to undertake testing for the stx genes, samples were referred to either
ESS or Tayside Scientific Services for stx testing.

13.3 Examination of cheese, milk and environmental samples at SERL
SERL received 88 samples from ESS in order to confirm PCR results and aid in the isolation
of shiga toxin - producing organisms. Real-time PCR was used to detect the presence of a
number of key genes (as described in Clinical Microbiology Investigation — Methods section)
and isolation was achieved by carrying out individual PCR tests on a number of different
colonies from culture plates or by IMS (for isolation of E. coli 0157). Once an organism was
isolated, its identity as E. coli was confirmed using biochemical tests.

Sixteen E. coli isolates (from nine different cheese samples) containing either or both
virulence genes (stx1 stx2) and/or the gene specific for E. coli (rfbo:s7) were forwarded to
PHE for WGS.
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14 Food Microbiological Investigation — Results

14.1 Microbiology results

The presence of an STEC is considered to be confirmed when one or more stx genes are
detected in a cultured E. coli strain. Detection of stx gene(s) alone is considered a
“presumptive positive” until an E. coli is isolated and cultured".

The Specialised Cheesemakers Association target for Enterobacteriaceae in soft and semi
soft cheese is less than 10,000 cfu/g (colony forming units per gram of cheese). The HPA
guidelines for assessing the Microbiological Safety of Ready-to-Eat Foods placed on the

market considers Enterobacteriaceae unsatisfactory if levels are greater than 10,000 cfu/g.

The Specialised cheesemakers Association target for generic E. coli (all types not just
STEC) in soft and semi soft cheese is <10,000 cfu/g. The HPA generic E. coli criteria do not
apply to raw milk cheese, but the sample is considered unsatisfactory and potentially
injurious to health and/or unfit for human consumption if E. coli O157 or other STEC are
detected.

" As defined in the draft UK Working Policy on Detection of STEC in Food by Official Controls And Food Business Operator
Sampling and Testing. Previously out to consultation at http://www.foodstandards.gov.scot/consultation-uk-working-policy-
detection-stec-food-official-controls-and-food-business-operator
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Table 9: Results of Food Microbiology testing from Edinburgh Scientific Services, SERL and PHE

Batch Local Sampled LA Sample E. coli eae (EPEC) stx1 stx2 Enterobacteriaceae E. coli Coagulase +ve Total Comments on results. Colony identification
No Authority | by LA on Description 0157 by gPCR of gPCR of gPCR of by culture (generic) Staphylococci Viable by WGS at PHE

IMS culture broth broth broth by culture Count 30°C

by culture
per 25 gram | per 25 gram | per 25 gram per 25 cfu/gram cfu/lgram cfu/gram cfu/gram
gram

E26 SLC 29/07/2016 | Dunsyre Blue ND ND ND ND NT <10 NT NT
E12 SLC 29/07/2016 Dunsyre Blue ND ND ND ND NT <10 NT NT
E30 SLC 29/07/2016 | Dunsyre Blue ND Detected ND ND NT <10 NT NT eae presumptive in broth, not confirmed by culture
E17 SLC 29/07/2016 Dunsyre Blue ND ND ND ND NT <10 NT NT
E25] SLC 29/07/2016 | Dunsyre Blue ND Detected ND ND NT <10 NT NT eae presumptive in broth, not confirmed by culture
D14 oIC 01/08/2016 Dunsyre Blue ND NT ND ND NT <10 NT NT
D14 oIC 01/08/2016 | Dunsyre Blue ND NT ND ND NT <10 NT NT
E31 SLC 23/08/2016 | Dunsyre Blue ND Detected ND ND 80 10 <10 NT eae presumptive in broth, not confirmed by culture

23/08/2016 Dunsyre Blue ND Detected ND Detected 430 10 <10 NT Colony identified as E.coli O unidentifiable :H20 stx2d
ST 1308 eae negative.  eae presumptive in broth

only

26/08/2016 Dunsyre Blue ND NT ND ND NT NT NT NT
E12 SLC 26/08/2016 Dunsyre Blue ND NT ND ND NT NT NT NT
F2 SLC 26/08/2016 Dunsyre Blue ND NT ND ND NT NT NT NT
E24 SLC 26/08/2016 | Dunsyre Blue ND NT ND Detected NT NT NT NT stx2 presumptive in broth not confirmed by culture
F15 SLC 29/08/2016 | Dunsyre Blue ND NT ND Detected 60,000 <10 NT NT stx2 presumptive not confirmed by culture.
Unsatisfactory Enterobacteriaceae
F15 SLC 29/08/2016 | Dunsyre Blue ND NT ND Detected 800 <10 NT NT stx2 presumptive in broth not confirmed by culture
29/08/2016  Dunsyre Blue ND NT ND Detected 350,000 <10 NT NT Colony identified as E.coli O unidentifiable :H20 stx2d
ST 1308 eae negative. Unsatisfactory
Enterobacteriaceae
F15 SLC 29/08/2016 Dunsyre Blue ND NT ND Detected 24,000 10 NT NT stx2 presumptive in broth not confirmed by culture.

Unsatisfactory Enterobacteriaceae

F15 SLC 29/08/2016 | Dunsyre Blue ND NT ND Detected 13,000 <10 NT NT stx2 presumptive in broth not confirmed by culture.
Unsatisfactory Enterobacteriaceae
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ND NT <10 NT NT

ND NT 20 NT NT

ND NT 10 NT NT

ND NT 100 NT NT

ND NT <10 NT NT

ND NT <10 NT NT

ND NT <10 NT NT

29/08/2016 | Dunsyre Blue ND NT <10 NT NT
F14 SLC 29/08/2016 | Dunsyre Blue ND NT 60 NT NT
ND NT 40 NT NT

ND NT 620 NT NT

ND NT 340 NT NT

ND NT 50 NT NT

ND NT 50 NT NT

ND NT 10 NT NT

ND NT 10 NT NT

ND NT 120 NT NT

ND NT <10 NT NT

ND NT <10 NT NT

ND NT <10 NT NT

48



ND NT ND NT NT
ND NT ND NT NT
ND NT ND NT NT
ND NT ND NT NT
ND NT ND NT NT
ND NT ND NT NT
ND NT ND NT NT
ND NT ND NT NT
ND ND 500 20 NT NT
130 <10 NT NT
350 <10 NT NT
31/08/2016 | Corra Linn, 10 <10 NT NT
E26 SLC 31/08/2016 | Lanark Blue, ND NT ND ND 620 <10 NT NT
31/08/2016 Lanark Blue Detected <10 <10 NT NT Colony identified as E.coli O unidentifiable :H20 stx2d
ST 1308 eae negative.
eae and stx1 presumptive in broth only
31/08/2016 | Lanark Blue 30 NT NT
G19 SLC 31/08/2016 Maisie's Kebbuck ND NT ND ND 1,500 <10 NT NT
Gl4 31/08/2016 Lanark White Detected NT ND ND 30 20 NT NT Colony identified as E coli 0157 H42, stx -ve eae -ve
ST7077
H13 SLC 31/08/2016 Lancelot ND NT ND ND 20 20 NT NT
Cc22 SLC 31/08/2016 | Corra Linn, ND NT ND ND <10 <10 NT NT
F15 SLC 31/08/2016 | Corra Linn ND ND ND ND 20 <10 NT NT
19 SLC 13/09/2016 | Lanark White ND NT ND ND 130 <10 NT NT
17 SLC 13/09/2016 | Lanark White ND NT ND ND 310 10 NT NT
H5 SLC 13/09/2016 Lanark White ND NT ND ND 10 <10 NT NT
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13/09/2016 Lanark White Detected NT ND ND <10 <10 NT NT Colony identified as E. coli 0157 H42, stx -ve eae -ve
ST7077

13/09/2016 | Lanark White NT ND ND <10 <10 NT NT
H24 sLC

13/09/2016 Lanark White Detected NT ND 30 <10 NT NT Colony identified as E coli 0157 H42, stx -ve eae -ve
ST7077  stx2 presumptive in broth only

13/09/2016 | Lanark White ND NT ND ND 70 <10 NT NT
12 SLC 13/09/2016 Lanark White ND NT ND ND 20 <10 NT NT
G12 SLC 13/09/2016 Dunsyre Blue ND NT ND ND 2,300 10 NT NT
Not SLC 13/09/2016 | Lanark White ND NT ND ND 10 <10 NT NT
Known
Gl14 13/09/2016  Lanark White Detected NT ND ND 50 <10 NT NT Colony identified as E. coli 0157 H42, stx -ve eae
negative ST7077

N/A HC 19/09/2016 Dunsyre Blue sample ND NT ND ND 120 <10 <10 NT

Hotel A
N/A SLC 29/09/2016 Tank Outlet ND NT NT ND NT NT NT NT

29/09/2016 Milk - raw bulk tank ND NT NT Detected NT NT NT NT Colony identified as E. coli O15 H16 stx2g, STand/or
LT genes eae negative ST325

N/A SLC 29/09/2016 | Filter housing ND NT NT ND NT NT NT NT
N/A SLC 29/09/2016 Liner Tube - Cluster 4 ND NT NT ND NT NT NT NT
N/A SLC 29/09/2016 Cluster Head - Cluster ND NT NT ND NT NT NT NT

4
N/A SLC 29/09/2016 | Jetter - Custer 4 ND NT NT ND NT NT NT NT
N/A SLC 29/09/2016 | Trough Water ND NT NT ND NT NT NT NT
N/A SLC 29/09/2016 Filter Sock ND NT NT ND NT NT NT NT
N/A SLC 07/10/2016 Piercing Machine ND NT NT ND NT NT NT NT

Swab
N/A SLC 07/10/2016 Swab white cheese ND NT NT ND NT NT NT NT

vat surface — internal

N/A SLC 07/10/2016 | Steel table top green ND NT NT ND NT NT NT NT
room - where moulds
located

N/A SLC 07/10/2016 Steel table top Green ND NT NT ND NT NT NT NT
room - holding cheese
moulds

N/A SLC 07/10/2016 | Swab large vat blue ND NT NT ND NT NT NT NT
cheese room
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N/A SLC 07/10/2016 Swab wooden shelf ND NT NT ND NT NT NT NT
white cheese maturing
room
N/A SLC 07/10/2016 Swab stainless steel ND NT NT ND NT NT NT NT
floor drain blue
cheese room
N/A SLC 07/10/2016 Swab middle vat blue ND NT NT ND NT NT NT NT
cheese room/
stainless steel
N/A SLC 07/10/2016 Swab table top white ND NT NT ND NT NT NT NT
cheese room
N/A SLC 07/10/2016 Swab mixer tap blue ND NT NT ND NT NT NT NT
cheese cleaning room
N/A SLC 07/10/2016 Swab small vat blue ND NT NT ND NT NT NT NT
cheese room
N/A SLC 07/10/2016 Swab hose outlet blue ND NT NT ND NT NT NT NT
cheese room
N/A SLC 07/10/2016 | Curster swab 5th right ND NT NT ND NT NT NT NT
N/A SLC 07/10/2016 | Swab milk filter ND NT NT ND NT NT NT NT
housing — internal
N/A SLC 07/10/2016 | Swab internal bulk ND NT NT ND NT NT NT NT
tank - Ewe's
N/A SLC 07/10/2016 | Bulk tank outlet- ND NT NT ND NT NT NT NT
Ewe's
N/A SLC 07/10/2016 | Swab bulk tank ND NT NT ND NT NT NT NT
internal - cows milk
N/A SLC 07/10/2016 | Swab bulk tank outlet ND NT NT ND NT NT NT NT
- Cow's milk
N/A SLC 17/10/2016 | Raw milk ND NT NT ND NT <10 NT < 1.00x10
N/A SLC 17/10/2016 Raw milk ND NT NT ND NT <10 NT 1.10x10"
N/A SLC 17/10/2016 Raw milk ND NT NT ND NT <10 NT 2.90x10"
N/A SLC 17/10/2016 Raw milk ND NT NT ND NT 10 NT 3.00x10"
N/A SLC 17/10/2016 | Raw milk ND NT NT ND NT <10 NT 3.20x10
N/A SLC 18/10/2016 | Raw milk ND NT NT ND NT <10 NT 5.00x10
N/A SLC 18/10/2016 Raw milk ND NT NT ND NT <10 NT 1.00x10"
N/A SLC 18/10/2016 Raw milk ND NT NT ND NT 10 NT 3.00x10
N/A SLC 18/10/2016 | Raw milk ND NT NT ND NT <10 NT < 1.00x10
N/A SLC 18/10/2016 | Raw milk ND NT NT ND NT 10 NT 1.50x10"
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N/A sLc 19/10/2016 | Raw milk ND NT NT ND NT <10 NT 1.00x10°
NIA SLC 19/10/2016 | Raw milk ND NT NT ND NT <10 NT 1.00x10
N/A SLC 19/10/2016 | Raw milk ND NT NT ND NT <10 NT 3.00x10
N/A SLC 19/10/2016 | Raw milk ND NT NT ND NT <10 NT 4.00x10
N/A sLC 19/10/2016  Raw milk ND NT NT NT 20 NT 2.00x10
P3233
N/A SLC 20/10/2016 | Raw milk ND NT NT ND NT <10 NT 1.00x10
N/A SLC 20/10/2016 | Raw milk ND NT NT ND NT 10 NT 3.00x10
N/A SLC 20/10/2016 | Raw milk ND NT NT ND NT <10 NT 5.00x10
N/A SLC 20/10/2016 | Raw milk ND NT NT ND NT <10 NT 3.00x10
NA SLC 20/10/2016 | Raw milk ND NT NT ND NT <10 NT 1.00x10

Samples of cheese, milk and swabs were initially tested at ESS. Isolated colonies or DNA presumptive E. coli 0157 or STEC were sent to
SERL for verification. Colony identification was by WGS at PHE. Due to the high number of stx presumptive broths not all samples were
prioritised for extensive attempts to isolate an STEC colony to confirm its presence. No attempt was made to isolate an E. coli with eae only

since the outbreak strain was a stx positive organism.

Presumptive STEC and/or unsatisfactory Enterobacteriaceae/generic E. coli

Unsatisfactory: Potentially injurious to health and/or unfit for human consumption

SLC South Lanarkshire Council NT Not Tested cfu colony forming unit
(o][@ Orkney Islands Council ND Not Detected +ve Positive
HC Highland Council < less than

Microbiological Assessment Criteria - Sample Unsatisfactory If

SCA soft and semi soft cheese > 10,000 > 10,000 Detected

SCA hard cheese > 100 > 100 Detected

HPA ready to eat food guidance > 10,000 Does not apply to Detected

raw milk cheese
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Table 10 Results for E. coli O157 for cheese tested at Glasgow, Tayside or Aberdeen Scientific Services

Local
Authority
Perth &
Kinross
Glasgow

Glasgow

Glasgow

Glasgow

Glasgow
Glasgow
Fife

East Ayrshire
Council

East Ayrshire
Council

Dumfries and
Galloway

Dumfries and
Galloway

Dumfries and
Galloway

Dumfries and
Galloway

Glasgow

East
Dunbartonshire

East
Renfrewshire

North
Lanarkshire

Establishment

Hotel B
Restaurant A

Restaurant A

Restaurant A

Restaurant A

Restaurant B
Hotel C
Supplier B

Supplier A

Supplier A
Hotel D
Hotel D
Hotel E
Hotel E

Supplier C
Outlet A

Supplier D

Hotel F

Batch
Information

Not known
Not known

Not known

Not known

Not known

Not known
Not known
Not known

D14

D14
E18/15
N/A (Portion)
E18 /15
N/A (Portion)
F1 (12

samples)

E10 or E12
(2 samples)

Not Known

C26

Sample
Information

Dunsyre Blue
Cheese 500¢g
Lanark Blue

Dunsyre Blue
cheese Dressing

Dunsyre Blue
cheese

Lanark Blue
Butter (Dunsyre
Blue Cheese
used)

Dunsyre Blue
Dunsyre Blue
Dunsyre Blue

Dunsyre blue

Dunsyre Blue
Dunsyre Blue
Dunsyre Blue
Dunsyre Blue
Dunsyre Blue
Dunsyre Blue
Dunsyre Blue
Lanark Blue

Lanark Blue

Date
Reported

04/08/2016
01/08/2016

01/08/2016

01/08/2016

01/08/2016

01/08/2016
01/08/2016
08/08/2016

08/08/2016

08/08/2016
03/08/2016
03/08/2016
03/08/2016
03/08/2016
15/10/2016
01/09/2016
12/09/2016

19/09/2016

Result E. coli
0157/ 25¢g

Negative
Negative

Negative

Negative

Negative

Negative
Negative
Negative

Negative

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Negative

These samples were also found to be negative for STEC (samples from Glasgow Scientific
services tested for STEC at ESS, and samples from Tayside and Aberdeen Scientific
Services tested for STEC at Tayside Scientific Services).

Twelve samples of Dunsyre Blue, one of Lanark Blue and two dressings/butters made by a
restaurant using Dunsyre Blue were tested in Glasgow, Tayside or Aberdeen Scientific
Services. These samples were all negative for E. coli O157. As these samples had been
taken from hotels/restaurants/suppliers information on batch number was not always

available.
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14.2 Results for Dunsyre Blue

The initial information available from Supplier A identified batches C22 and D14 as those
delivered to the premises where the cases had consumed Dunsyre Blue. No samples of C22
were available for testing. All four samples of D14 (two submitted by Orkney Islands Council
and two by East Ayrshire Council) tested were negative for STEC.

Batch F15: A total of ten samples were taken from batch F15 all tested positive for the stx2
gene by PCR. Two of these samples were cultured and sequenced by WGS and identified
as E. coli serotype: O unidentifiable:H20, sequence type (ST): 1308 and stx subtype stx2d.

Batch E24: Detection of the stx2 gene by PCR in two samples, laboratories unable to isolate
an organism for confirmation and typing.

Batch G12: Detection of the stx2 gene by PCR in one sample, laboratories unable to isolate
an organism for confirmation and typing.

Enterobacteriaceae results: A total of 58 samples of Dunsyre Blue were tested at ESS on
the basis that the cheese was presented for sale and ready to eat, 27 (46.6%) of these had
Enterobacteriaceae higher than the SCA target for soft/semi soft cheese of <10,000 cfu/g,
these positive results were obtained across a large number of batches (F7, F8, F9, F15,
F21, F22, F27, F28, F29, F30, G5, G6, G11, G12, G13, G19, G21, G25, G26, G28, H3, H4
and H9). The highest value of 18,800,000 cfu/g was identified from a batch of G25, 1880
times greater than the HPA Guidelines and SCA target.

Generic E. coli results: The SCA target for generic E. coli in soft/semi soft cheese is
<10,000 cfu/g. This was exceeded in a sample from batch F28, with a count of 13,600 cfu/g.

14.3 Positive results for ewes’ milk cheese samples

Lanark White Batch G14. Sorbitol fermenting shiga toxin negative E. coli 0157 isolated and
identified as E. coli 0157:H42 ST 7077, stx negative. The same result was obtained from a
second sample from Batch G14 (same organism as in Batches H3 and H24).

Lanark White Batch H3: Sorbitol fermenting shiga toxin negative E. coli 0157 isolated and
identified as E. coli 0157:H42 ST 7077, stx negative (same organism as in Batches G14 and
H24).

Lanark White Batch H24: Sorbitol fermenting shiga toxin negative E. coli O157 isolated and
identified as E. coli 0157:H42 ST 7077, stx negative (same organism as in Batches G14 and
H3).

Lanark Blue Batch E24: Detection of the stx2 gene by PCR in a non-O157 E. coli i.e. an
STEC, organism isolated and by WGS identified as E. coli O unidentifiable:H20 ST 1308
stx2d (same as identified from batch F15 of Dunsyre Blue, these are a ewes’ milk and a
cows’ milk cheese produced three weeks apart).

Enterobacteriaceae results: The Enterobacteriaceae result for batch F14 of Lanark Blue of
500,000 cfu/g exceeded the HPA Guidelines and SCA target of <10,000 cfu/g.

Limited sampling during the investigation was undertaken of the other cheese produced by
ECL. Samples were taken from one batch of Maisie’s Kebbuck; three batches of Corra Linn
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and one batch of Sir Lancelot. No E. coli 0157 or stx genes were detected in these five
samples.

14.4 Cows’ Milk results

A raw cows’ milk sample taken on 19 October isolated a stx1 and stx2 positive non-O157
E. colii.e. an STEC and was identified by WGS as E. coli O150:H2 ST P3233, stx subtype
stxla/ stx2a

A raw cows’ milk sample taken on 29 October isolated a stx2 positive non-O157 E. coli i.e.
an STEC, and was identified by WGS as E. coli O15:H16 ST 325, stx subtype stx2g.

14.5 Environmental swab results

The environmental swabs taken at ECL by SLC all tested negative for STEC. These swabs
were taken some months after the implicated batches were produced and at a time when
cheese production had ceased and after the company would have had an opportunity to
conduct a deep clean of the premises.

14.6 Further sampling undertaken after the IMT stood down

SLC undertook additional sampling after the IMT stood down. A range of potentially
pathogenic stx negative E. coli 0157 and stx positive E. coli non 0157 were detected in
seven batches of Corra Linn cheese (details in Appendix 6).

55



15 Biological plausibility
The IMT considered Dunsyre Blue cheese a biologically plausible vehicle for an outbreak of
E. coli O157.

15.1 Previous STEC outbreaks associated with dairy products

The major route of STEC contamination of milk is faecal. STEC excreted in faeces soils the
teats of animals, and the milk is subsequently contaminated during the milking process.
STEC could also potentially persist if milking equipment and pipelines are not adequately
cleaned or are not well designed or maintained™. There is some controversial evidence of
intra-mammary sources of STEC (pre/sub-clinical mastitis)>".

STEC contamination of milk has been associated with a number of milk and dairy product
outbreaks of STEC. Consumption of contaminated soft and semi-soft cheese has been
implicated in outbreaks, especially those made from unpasteurised cows’ and goats’ milk
E. coli 0157 was linked to the majority of outbreaks, but 0110, 0103, 026 and 0119 have
also been implicated °*.

Table 11: STEC outbreaks associated with unpasteurised cheese (2000-2015)

Year Cheese Serotype Number of | Country Reference
cases

2002-03 | Gouda 0157 13 Canada >2

2004 Goats cheese | 0157 3 France ®

2005 Raw milk 026 16 France >3
cheese

2008-09 | Raw milk 0157 16 Canada >4
cheese

2010 Gouda 0157 41 USA %

2013 Raw milk 0157 29 Canada >
Gouda

Based on table of Farrokh et al**
There have been several documented outbreaks of E. coli O157 in Scotland associated with
cheese made from unpasteurised milk, with three described between 1994 and 1999%%°%%7,

Whilst there are a few reports of STEC outbreaks associated with pasteurised milk***® and
cheese, these were probably due to faulty pasteurisation and/or post processing
contamination®.

There are studies on the prevalence of STEC in cheese made from raw milk and the few
studies there are have shown variation in results from 0 to 19.9% of samples>*®, however
direct comparison of the studies isn’t possible due to differences in methodologies. For
example the US Food & Drug Administration (FDA) study of 1,606 samples® utilises an
enrichment broth containing antibiotic supplements®® which may be inhibitory to some STEC
or stressed E. coli 0157.

e USA — STEC was not detected in raw milk hard and semi-hard cheese samples
(n=29) at retail®,

e USA — The FDA did not detect E. coli O157:H7 in any of 1,606 samples. STEC was
detected in 11 of the 1,606 samples, the FDA considered one of them to be
pathogenic, an isolate of E. coli O111:H8 in a hard, raw goats’ milk cheese®,
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e Scotland - E. coli 0157 not detected in raw milk cheese tested 1997-1999 purchased
from retail premises (n=739) (albeit methods not as sensitive as those currently
used)®,

¢ England - E. coli 0157 not detected in samples tested for raw milk cheese (n=545)
sampled 2010-2011, not tested for STEC. Listeria monocytogenes was detected in
1.8% of samples™,

e Switzerland — STEC detected in 5.4% of raw milk hard and semi-hard cheese
collected from producers (2006-2008) (n=1,422)%,

o France — STEC detected in 19.9% of raw milk hard cheese samples at retail
(n=272)%.

STEC is not the only pathogen of concern with respect to unpasteurised cheese with
outbreaks reported of Salmonella®®®, brucellosis®®, Streptococcus equi’, and
staphylococcal food poisoning™.

15.2 Legislation relating to raw milk/milk products in Scotland

The sale of raw milk and raw cream intended for direct human consumption is currently
prohibited in Scotland by virtue of Regulation 32 and Schedule 6 of The Food Hygiene
(Scotland) Regulations 2006, in line with Article 10 (8) of Regulation (EC) No. 853/2004
allowing Member States to adopt national rules in this area.

There are currently no restrictions on the sale of raw milk cheeses in Scotland, subject to
such products having been produced in accordance with EU food hygiene regulations
(Regulation (EC) No. 852/2004 and Regulation (EC) No. 853/2004).

57



16 Summary of evidence

The descriptive epidemiology showed 15/24 primary cases (15/21 excluding the
childcare cluster) consumed Dunsyre Blue in the 8 days prior to onset of symptoms
and, as described in Table 1, other cases may well have done so but that level of
information was not available: two cases ate blue cheese purchased from a shop
known to sell Dunsyre Blue but were unable to recall the brand, one attended a
function at which Dunsyre Blue was served but does not recall eating it. One ate blue
cheese but there was no information on the type, one reported eating blue cheese
but not Dunsyre Blue, and for one case there was extremely limited exposure
information available making it impossible to determine cheese consumption history.
The likely route of transmission for the five cases in the childcare cluster as
discussed previously was via contamination of the venue environment and secondary
spread.

The consumption of blue cheese among cases was considerably higher (19/21; 90%,
primary cases not linked to the childcare cluster reported consumption of blue
cheese) than the 3.8% (in the past 7 days) reported in the general population (Table
4).

Bayesian modelling demonstrated that the high proportion of cases consuming blue
cheese is highly unlikely to have occurred by chance, with an odds ratio of 78 (95%
Crl 16, 264) based on a prior knowledge of consumption of blue cheese of 3.5%. It
would be necessary to assume that about 30-40% of non-cases consumed blue
cheese before the lower limit of the 95% credible interval approaches 1.

The case case analytical study showed a statistically significantly higher proportion of
primary cases in this outbreak consumed blue cheese away from home than did
cases in previous outbreaks (Table 5). Both the analytical studies looked at
exposures to blue cheese and did so independently of the evidence from the
descriptive epidemiology, which was to the level of one specific artisan type of blue
cheese — Dunsyre Blue. The findings from both analytical studies are consistent with
the hypothesis that the outbreak was caused by Dunsyre Blue.

The time period between consuming Dunsyre Blue and the onset of symptoms in
cases was within the incubation period for E. coli O157 infection (Figure 3).

No other biologically plausible food or other exposure was identified that linked such
a high proportion of cases.

The outbreak cases were linked by a unique MLVA profile not previously seen in
Scotland and not seen since the last date of onset (8 September) suggesting a

commaon source.

All outbreak cases were within the same 5 SNP cluster by WGS, the genetic
similarity between the clinical isolates is consistent with a single source.
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E. coli 0157 of phage type 21/28 are not normally seen in imported cases of infection
and rarely in other countries, indicating that the causative food vehicle was in all
likelihood produced in the UK rather than an imported product.

Food chain investigations identified a 19 day period during which most of the
premises at which cases consumed Dunsyre Blue received deliveries, suggesting
contamination of one or a limited number of batches with the outbreak strain.

Whilst the microbiological sampling of cheese produced by ECL did not identify the
outbreak strain, it did identify other E. coli strains which were considered by the IMT
to have the potential to cause human iliness. STEC organisms and stx negative

E. coli 0157 were identified in samples of different types of cheese produced by ECL
over a number of months — demonstrating the ability of potentially pathogenic strains
to enter and survive the cheese production process and be present in the final ready
to eat product.

STEC was isolated from samples of milk taken at the dairy that supplies ECL with
cows’ milk for the production of Dunsyre Blue (Table 9).

ECL'’s controls for E. coli 0157 related to the hygienic production of raw milk. ECL
operated a sampling programme for raw milk which did not include generic E. coli,
E. coli 0157 or STEC. The SCA Assured code of practice recommends that E. coli
and E. coli O157 is included in routine testing programmes for raw milk, with
guarterly testing considered appropriate for many specialist cheesemakers.

The results of microbiological testing of raw milk and cheese samples taken by SLC
during investigations indicated that the food safety management system applied by
ECL was not effective in preventing contamination with potentially pathogenic E. coli
and STEC in the final product.

That most cases occurred in or were exposed in Scotland and were otherwise
unrelated suggests a food vehicle mainly distributed within Scotland with more limited
distribution to other parts of the UK. This fits with the distribution profile of Dunsyre
Blue.

The only known case with an exposure outside Scotland had consumed Dunsyre
Blue at a hotel in England supplied with this product. Most Dunsyre Blue is sold
within Scotland, with a smaller amount distributed to the rest of the UK.

Unpasteurised cheese is a biologically plausible vehicle and has previously been

associated with STEC outbreaks (Table 11) and previous studies have demonstrated
carriage of E. coli 0157 PT21/28 among cattle in Scotland.
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17 Control Measures

17.1 Recall for batches C22 and D14

The IMT meeting of 28 July considered the epidemiological information obtained from cases
and information obtained by EHOs visiting a number of premises where cases had eaten
and information on batches of cheese supplied by Supplier A, which at that stage in the
investigation identified batches C22 and D14 as the common batches delivered to the
premises where the cases had eaten. Additionally the investigation had not identified any
other biologically plausible vehicle in common between the cases. It was therefore the
unanimous view of the IMT to request a recall of batches C22 and D14 of Dunsyre Blue to
mitigate risk to consumers and protect public health.

On 29 July, ECL advised SLC and FSS that they had instigated a voluntary recall of batches
C22 and D14 on the evening of 28 July. In line with standard procedure, FSS issued a
Product Recall Information Notice (PRIN 47/2016) to provide advice to the public and local
authorities about this recall. This was accompanied by media statements from both FSS and
HPS (on behalf of the IMT) to ensure the public were aware of the advice not to consume
these two batches.

FSS sent a Rapid Alert System for Food and Feed (RASFF) to the authorities in Singapore
as the implicated batches may have been sent to businesses in Singapore.

On 4 August Supplier A advised their local authority that they could no longer be confident
about information on batch numbers provided to individual premises. The IMT considered
this update and whether a wider withdrawal of Dunsyre Blue was required. The IMT
concluded that such action was not indicated at that point in time as there was no evidence
of new cases with exposure dates after the recall. Furthermore, the batches on sale at the
time the cases were exposed would now be past their best before date and unlikely to be in
circulation.

17.2 Batch F15 not to be placed on the market

On 25 August the IMT was advised by ESS and SERL of provisional results of sampling of
batch F15 of Dunsyre Blue which had been sampled by SLC as part of the ongoing food
safety investigation at ECL. This had identified the presence of a stx2 gene in the sample (a
presumptive positive for STEC). SLC contacted ECL to inform them of this and determined
that batch F15 was not on the market and assurances were provided by ECL to SLC that
this batch would not be placed on market. Subsequently on the 29 August, a non-0157
strain of STEC which contained the stx2 gene was confirmed in this sample. Due to the food
safety and public health concerns this raised, on 29 August, an additional nine formal
samples were taken at ECL from three cheese in the same batch (F15), which all tested
positive for the presence of the stx2 gene. Colonies were isolated from two of the samples
and subsequently sent for WGS by PHE later (13 September) identified as serotype: O
unidentifiable: H20, sequence type: 1308 and stx subtype stx2d.

17.3 Recall of Dunsyre Blue batch E24

On 30 August the presence of the stx2 gene (presumptive positive for STEC) was identified
in a sample from a batch of Dunsyre Blue (E24). ECL agreed to withdraw this batch from
wholesale. On 4 September FSS and SLC were advised of a further positive for stx2 in
another sample of E24. On 8 September ECL agreed to a voluntary recall of batch E24 of
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Dunsyre Blue, which had been placed on the market, following presumptive positive results
for STEC in this batch. In line with standard procedure FSS issued a Product Recall
Information Notice (PRIN 47/2016 Update 2) to provide advice to the public and local
authorities about this recall on 8 September.

17.4 Recall of Lanark White batch G14

The IMT stood down 5 September, with ongoing food safety investigations coordinated by
SLC and FSS. On 9 September ESS confirmed the presence of shiga toxin negative E. coli
0157 from a batch of Lanark White G14, a ewes’ milk cheese. SERL confirmed that stx
negative E. coli 0157 organisms had previously been found to cause cases of severe illness
in humans. The Food Examiner at ESS declared this product “Unsatisfactory: Potentially
injurious to health and / or unfit for human consumption” ECL declined to undertake a
voluntary recall of Lanark White G14. Therefore FSS initiated a withdrawal of batch G14 of
Lanark White under the terms of Article 14 (8) of Regulation (EC) No 178/2002. The Food
Alert for Action (FAFA) for Lanark White batch G14 was issued by FSS on 10 September.

17.5 Recall of all batches of cheese produced by ECL

On the evening of 14 September, HPS re-convened a meeting of core members of the IMT
(HPS, FSS, SLC, and SERL) to consider recent developments including the confirmation
that afternoon by SERL of two new cases with the outbreak MLVA profile, one of whom was
known to have consumed Dunsyre Blue prior to onset. At this stage cheese exposure details
were not available for the second new case. At that meeting it was also discussed that a
sample taken from G12 batch of Dunsyre Blue had tested presumptive positive for STEC
(stx2 positive) (this batch had not been placed on the market), and that another sample from
a further batch of Lanark White, batch H24, had tested presumptive positive for STEC. The
group considered:

e The occurrence of two additional cases, one of which was known to have consumed
Dunsyre Blue nearly a month after the recall of batches C22 and D14.

e That there was no specific evidence that one of the initial cases with an onset date in
July (case was identified after the initial recall) had eaten either of the two batches
implicated at the start of the outbreak (C22 and D14).

e Positive results were now being obtained for non-O157 STEC and shiga toxin
negative E. coli 0157 from a number of batches of not only Dunsyre Blue but also
Lanark White, with the potential to cause illness.

e The ongoing concerns about the HACCP in place at ECL when these products would
have been produced meant there was no assurance as to the safety of these
products.

All attendees at the meeting agreed that action was required to mitigate any further risk to
the public through the recall of all batches of cheese produced by ECL, whether this was
done voluntarily by the company or by a FAFA.

SLC contacted ECL on the evening of 14 September advising them of the latest
developments and asking the company to voluntarily recall all batches of their cheese on a
precautionary basis. The company did not respond in the requested time frame set by FSS
and consequently FSS issued a Food Alert for Action (FAFA) covering all known cheeses
made by ECL on the evening of 14 September. It was issued in terms of article 14(8) of
Regulation (EC) No 178/2002, using FSS’s powers contained in Regulation 3(2) of the
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General Food Regulations 2004, and the local authorities were requested to contact food
businesses and take steps to ensure the cheese was withdrawn using the provisions
contained in Regulation 6(b) of the 2004 Regulations, if necessary using their seizure
powers under Section 9 of the Food Safety Act 1990 and Regulations 23 and 27 of the Food
Hygiene (Scotland) Regulations 2006.

All local authorities were advised of the FAFA on the evening of 14 September and a
supporting statement was placed on the FSS website the same night.

On 15 September FSS issued an update to the FAFA of 14 September as FSS became
aware of further ECL cheese, Sir Lancelot cheese, on the market.

The full IMT was re-convened on the morning of 15 September.

On 9 November FSS issued a further update to the FAFA, this clarified the wording on the
FAFA to remind local authorities that they were requested to identify food businesses which
are likely or known to stock products subject to this FAFA and to take steps to ensure they
are withdrawn from sale. Local authorities should ensure that this withdrawal is effective and
that the products to which it applies are not placed on the market, if necessary using local
powers available to them under the Food Safety Act 1990, the General Food Regulations
2004, and the Food Hygiene (Scotland) Regulations 2006.

Subsequent to the recall of all batches on 14 September, additional sampling results
became available from both cheese and milk samples (see food microbiology results section
and Appendix 6). The identification of multiple strains of stx positive E. coli and stx negative
E. coli 0157 in cheese produced by ECL demonstrated that adequate control measures
were not in place to prevent STEC being present in the final ready to eat product and
supported the decision taken to recall all batches to protect public health.

17.6 Improvements made by the cheese manufacturer (ECL)

ECL had not been following the testing regimes recommended in the SCA Assured Code of
Practice for verifying the effectiveness of their food safety management system. They had
not been routinely sampling their raw milk or cheese for E. coli 0157 (or other STEC).
Although Regulation (EC) No. 2073/2005 (as amended) has no specific criteria for E. coli in
cheese made from raw milk it is recommended in the SCA Assured Code of Practice that the
raw milk supply and cheese be routinely tested for indicator E. coli and investigation
undertaken if a change in trend is detected. It is also recommended that a risk assessment is
performed to assess the need for periodic monitoring for E. coli O157. ECL did not
commence testing for E. coli 0157 until they were advised in July of the epidemiological link
to one of their cheeses.

ECL carried out a review of their food safety management arrangements in light of the
outbreak and the Enforcement Letter issued by FSS on 7 October 2016. SLC advised ECL
that their revised food safety management arrangements were satisfactory in January 2017.
ECL proposes to validate their raw milk hygiene controls by testing every batch of raw milk
for E. coli O157.

The revised food safety management arrangements, including ECL’s sampling plan, meets
the requirements of the SCA Assured Code of Practice.
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18 Communications

18.1 Professionals

A HPS Health Protection Alert was issued on 22 July to NHS Board Health Protection
Teams, Microbiologists, Scottish Government and Food Standards Scotland for onward
cascade to local authority Lead Food Officers, advising of the outbreak and ongoing
investigation. An updated Health Protection Alert was issued on 29 July. Throughout the
investigation updates were shared with professional colleagues.

HPS liaised throughout the investigation with colleagues in PHE to support the identification
and investigation of cases resident outside Scotland.

When a case resident in ROl was identified, HPS liaised with the Health Protection
Surveillance Centre, Dublin.

FSS liaised with colleagues in FSA and the food safety authorities in other countries as
appropriate through the Rapid Alert System for Food and Feed (RASFF).

18.2 Errington Cheese Limited
Communication with ECL was mainly by SLC as the competent authority.

18.3 Public

Media communication was led by HPS on behalf of the IMT. During the investigation HPS
issued six proactive press statements. Between 22 July and 31 October HPS also
coordinated the response to a total of 79 media enquires.

Additional media enquires in relation to food safety and the withdrawal of cheese were
received and responded to by FSS. During the investigation between 22 July and 31
October FSS issued 9 press statements and responded to 45 media enquires.

Product Recall Information Notices and Food Alerts for Action were posted on the FSS
website: www.foodstandards.gov.scot
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19 Discussion

The descriptive and analytical epidemiological and food chain evidence provided strong
evidence of Dunsyre Blue cheese being the causative vehicle for the outbreak. This
conclusion was strongly supported by the microbiological findings and deficiencies in the
HACCP processes.

The fact that not all primary cases could be directly linked to Dunsyre Blue was not
unexpected and similar to other food related outbreaks® 2. In addition, a number of cases
which could not be directly linked to Dunsyre Blue, did consume blue cheese of an
unspecified brand and one case provided only very limited exposure information. There are
a number of reasons why not all of the primary cases could be directly linked back to
Dunsyre Blue cheese including:

e Cases may have been poor historians and be unable to recall all foods consumed
especially as some interviews were conducted a number of weeks after they would
have been exposed.

e Some people purchased blue cheese from food outlets without knowing exactly
which brand they were buying.

e There could well have been cross contamination from Dunsyre Blue to another food
consumed by a case.

e Cases defined as primary could in fact have been secondary cases from an
unidentified primary case who was exposed to Dunsyre Blue or another secondary
case.

e Pieces of blue cheese may be in dishes such as salads without the knowledge of
consumer.

Two cases were classified as secondary cases, this is in keeping with the documented
occurrence of person to person transmission of STEC *, and is consistent with other
foodborne outbreak investigations® . As discussed previously, the IMT considered the
cluster in the childcare setting to be due to the introduction of contamination into the venue
environment possibly by an unidentified symptomatic or asymptomatic individual.

The outbreak was likely due to the contamination of one or a small number of batches of
Dunsyre Blue. Each batch of cheese is approximately 160- 200kg in size, meaning that the
number of exposed individuals was greater than the number of cases identified in the
outbreak, this is not unexpected. The number of cases reported in this outbreak is in keeping
with that reported in other cheese related outbreaks (Table 11). Whilst E. coli 0157 is
known to have a low infectious dose®?®, clinical presentation varies from asymptomatic to
fatal infection, therefore not all those infected will have developed symptoms or developed
symptoms severe enough to seek medical attention and subsequent laboratory identification.
It follows that the 26 cases identified during the outbreak investigation is likely to be an
underestimate of the true number of cases. Indeed HPS was advised of a case of E. coli
0157 confirmed on serology and therefore without an isolate for typing (and thus unable to
be confirmed as part of the outbreak) who had a history of consuming Dunsyre Blue at the
same hotel as one of the confirmed cases during the same time frame that the majority of
cases were exposed.

Contamination may not be evenly distributed throughout a batch of cheese and therefore not
everyone eating from a contaminated batch would be exposed. During the acidification and
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coagulation processes of cheese making, bacteria are trapped within the curds in a relatively
uniform but stochastic distribution, thereby creating microscopic environmental niches that
fluctuate during the ripening process’. Studies on Stilton cheese have shown blue cheese
to be complex food matrices and show distinct microenvironments particularly between the
white core — a part with limited presence of air and the blue veins’. Furthermore, the mould
has been shown to affect the pH in different regions of cheese, with experiments showing a
differential spatial distribution of bacterial flora within the matrix"®.

During the investigation, a number of cheeses were microbiologically tested for the presence
of STEC. The outbreak strain was not detected in any of the cheese tested. This was not
unexpected as the samples from hotels/restaurants where cases consumed the cheese
were usually taken more than a month after cheese was eaten by cases, so the block of
cheese the case consumed from was no longer available for testing. Information provided
early in the investigation by Supplier A suggested that two particular batches of Dunsyre
Blue C22 and D14 were supplied within the outbreak timeframe to the premises where cases
ate (the supplier later withdrew batch level information saying they could not ascertain which
batches were supplied to particular customers). No cheese from batch C22 was available
for testing as it had all been consumed. The four samples from batch D14 tested negative,
but this would not necessarily have been the blocks of cheese consumed by the cases.
Failure to isolate the outbreak strain from the suspected cheese is not unique to this
outbreak, with similar findings in other food related outbreaks’” including those associated
with cheese™.

Whilst testing of cheese did not isolate the outbreak strain, STEC organisms and stx
negative E. coli 0157 were detected in cheese produced by ECL, demonstrating that
pathogens could enter and survive the cheese production process. It is important to note
that food safety requirements defined in EU legislation are not predicated on the explicit
need to definitively identify the pathogenicity associated with an organism that is detected in
a food stuff. Nonetheless, testing undertaken on cheese during the investigations into this
outbreak did detect the presence of organisms which had been associated with human
illness.

The strains isolated included E. coli O unidentifiable":H20 ST 1308 stx2d (F15 of Dunsyre
Blue and E24 Lanark Blue); E. coli O15:H16 ST 325 stx2g and E. coli O150:H2 ST3233
stxla stx2a (samples of raw milk) and shiga toxin negative sorbitol fermenting E. coli
0157:H42 ST7077 (G14, H3, H24 Lanark White). The IMT had to assess the risk to public
health and the implementation of appropriate control measures based on the initial
microbiological findings, with more detailed analysis of the isolates becoming available later
via the WGS results. The IMT concluded that the detection of these organisms represented
a risk to public health, on the basis that they were from a faecal source that demonstrated an
STEC hazard to the production of these cheese, and also that the strains identified
possessed traits that had previously been associated with human iliness and therefore took
action to mitigate the risk.

Most notably, the identification of E. coli O unidentifiable:H20 ST 1308 stx2d in Dunsyre Blue
(and Lanark Blue) demonstrates that the production process for this cheese was not

v Serotype designation “O unidentifiable” means the WGS does not recognise the O antigen of that
strain and this is most likely a novel, as yet undesignated E.coli serotype.
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effective in eliminating STEC presence in the final product. It is also worth highlighting the
presence of stx2d in these samples as there is evidence that such strains have been linked
to human illness in the absence of attaching and effacing genes (e.g. eae)’.

The IMT also considered the detection of E. coli O157 in certain batches of Lanark White
presented a potential food safety risk. Whilst this strain was identified as stx negative, there
is no single or combination of genetic marker(s) that defines the potential of an E. coli strain
to cause human disease’, and therefore the absence of stx genes does not necessarily
guarantee than an E. coli 0157 strain would not be capable of causing human illness. Whilst
the possession and expression of the stx2 gene correlates strongly with the causation of
bloody diarrhoea and HUS®, stx-negative E. coli 0157 strains have been found in clinical
cases in Scotland® and elsewhere®, although they appear to cause less severe disease than
do stx positive strains. Further to this, stx and eae negative E. coli O157:H42 strains (similar
to those isolated from batches G14, H3 and H24 of Lanark White (Table 9)) have been
identified in cows indicating that there is potential for such strains to be shed in the faeces of
dairy cattle®" and could therefore contaminate raw milk if controls were deficient.

The fact that multiple strains of STEC could be isolated from cheeses produced using cows’
milk from a single supplier is not surprising as multiple serotypes can be isolated at a single
point in time from a farm®. Indeed there is carriage of multiple STEC strains in individual
cattle®®, It is concerning if any of these strains get into milk intended for human
consumption, especially if that milk is not going to be pasteurised or the cheese making
process does not apply controls which are capable of eliminating or reducing STEC to
acceptable levels in the final product (the acceptable level for STEC in a ready to eat food
would be absence, due to the low infective dose). The identification of multiple strains in
cheeses produced by ECL demonstrated that adequate control measures were not in place
to prevent STEC being present in the final ready to eat product. It is also of note, that of the
58 samples of Dunsyre Blue tested by ESS, 27 (46.6%) had Enterobacteriaceae counts
higher than the SCA and HPA guidelines (Table 9).

During the investigation, the IMT discussed whether sampling of cattle at the dairy farm
supplying cows’ milk to ECL should be undertaken in order to attempt to identify the
outbreak strain. After careful consideration and consultation with veterinary experts, such
testing was not recommended. The rationale for this decision was that testing conducted in
August/September would be approximately four months after the cheese implicated in the
outbreak was produced and therefore such samples could not be considered to reliably
reflect the situation in the herd during the spring of 2016. Positivity in herds fluctuates during
the year™ and not all cattle within a positive herd carry STEC at any one time so even
contemporaneous testing would have to be on impractically large numbers of animals. In
addition, as healthy cattle shed STEC, food management procedures should be based on
the assumption that STEC is present in the herd and appropriate measures put in place to
deal with this risk, as farmers are unable to take any action that would guarantee STEC
negative herds. Some testing of the cows’ milk was undertaken, yielding two different STEC
positive results, O15:H16 and O150:H2, demonstrating the ability of pathogens from the
cattle to get into the milk subsequently to be used in cheese production. It is of note that the
E. coli O15:H16 was found by WGS to contain a mixture of virulence genes including stx2
normally present in STEC and heat-stable (ST) enterotoxin genes typically present in
enterotoxigenic E. coli (ETEC). E. coli with mixed STEC/ETEC virulence genes are referred

66



to as hybrids. STEC/ETEC hybrid strains have been isolated from human clinical samples
and they may represent an emerging threat as a foodborne pathogen®.

The microbial quality of the raw milk for unpasteurised products is critical. As it is hot
possible to eradicate STEC from cattle faeces, the risk of contamination of the raw milk
supply needs to be controlled through the application of strict hygiene measures during the
milking process, alongside regular monitoring to verify that the controls are effective. ECL
were relying on dairy hygiene controls to prevent contamination of raw milk but were not
testing any samples of the raw milk for generic E. coli or E. coli 0157 (or STEC) to verify that
these controls were effective. During investigations, samples of raw milk taken by SLC in
October identified STEC (Table 9), demonstrating that ECL’s system was not effective in
managing and monitoring the microbiological safety of their cow’s milk supply.

This outbreak has highlighted the potential of unpasteurised dairy products to pose a risk to
public health if adequate control mechanisms are not in place at all stages throughout the
production process. Appropriate validation and verification of controls during the production
and maturation of cheese is also important in ensuring the safety of the end product. At the
initial stage of cheese making, the temperature (30°C) and a,, of milk are ideal for the growth
of STEC, with some research suggesting potential for growth during the initial stages of
manufacturing®. An apparent increase at this stage may also arise from concentration of
the bacteria in the curds after drainage of the whey®". Acidity is a key factor in ensuring the
microbiological safety of cheeses, with the survival and growth of pathogenic bacteria
including STEC being particularly influenced by the rate of acidification, however some
strains of STEC are acid-resistant®™. During the ripening and storage of the cheese the
behaviour of STEC can also be dependent upon the physiochemical properties of products
including temperature, a,, salt concentration and pH, but STEC can survive the maturation
process ¥2, Additional information on the ability of STEC to survive in unpasteurised
cheese is contained within the FSS risk assessment®®. Managing STEC risks in cheese
production is therefore reliant on effective controls, at specific control points in the process,
to ensure the safety of the end product. The use of these parameters as food safety control
points requires on-going monitoring during production and maturation to verify that they are
operating effectively throughout the process. There was insufficient evidence that these
parameters had been validated for the production of ECL cheeses or that they were being
monitored to verify the effectiveness of their controls in eliminating or reducing STEC
throughout production.

In addition to a,, salt concentration and pH, the testing of end product for the presence of
microbiological indicators and pathogens can provide additional verification that controls are
operating effectively. However, the use of end product testing cannot, in isolation, guarantee
safety due to the uneven distribution of pathogens within products and variability in
detection. At the time of the outbreak, ECL’s testing regime for cheeses covered a range of
relevant microbiological criteria, including generic E. coli but did not include tests for E. coli
0157 or STEC, which is recommended by the SCA Assured code of practice.

STEC testing was only commenced by the company following the outbreak as a means of
demonstrating the safety of individual batches of cheese.
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20 Conclusion

Extensive investigations concluded that the source of the outbreak was the consumption of
an unpasteurised cheese — Dunsyre Blue. This conclusion was based on evidence from
epidemiological and food chain investigations and supported by microbiological evidence
and deficiencies identified at ECL in the procedures in place for the monitoring and control of
STEC. Control of STEC was reliant on receiving pathogen free milk but no processes were
in place to validate or monitor this. The investigation isolated potentially pathogenic E. coli
from two different samples of raw milk taken from the dairy supplying cows’ milk to ECL.

The investigation did not isolate the outbreak strain from any of the cheese tested. This was
not unexpected as the samples from hotels/restaurants where cases consumed the cheese
were usually taken more than a month after the cheese was eaten by cases, so the block of
cheese the case consumed from was no longer available for testing. However other
potentially pathogenic STEC and stx negative E. coli 0157 were isolated from a number of
varieties of cheese produced by ECL demonstrating that pathogenic organisms did enter
and survive the cheese production process and were present in the final ready to eat
product.

Throughout the investigation the paramount aim of the IMT was the protection of public
health. To this end, products considered to pose a risk to the public were withdrawn from the
market and the risks communicated to the public and professionals.

The outbreak highlighted a number of issues, as described in the recommendations, which
are wider than this specific incident and will be progressed by the relevant agencies.

21 Legal aspects - Procurator Fiscal investigation
In line with national guidance, the death of the three year old child was reported by the
treating clinicians to the Procurator Fiscal.
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22 Recommendations

A debrief meeting was held in November 2016 with representation from HPS, FSS, FSA,
NHS Boards, Local Authorities, SERL and Scientific Service Laboratories. Participants were
asked to consider what went well, areas that could be improved and to make
recommendations for improvement as appropriate. The following key learning points were
identified and related recommendations made:

Learning Point:
There was excellent inter-agency cooperation and participation in the IMT meetings, which

was sustained over the duration of the investigation. However this was a fast moving
investigation with information being updated on a regular basis and at times communication
of the accurate and up-to-date information between all the agencies was challenging.

Recommendation:
FSS is procuring during 2017/18 an incident management software, which can be accessed

from anywhere in real time by all members of the IMT. This will provide more efficient
coordination of activities/actions and records of decision making.

That in addition to a minute taker, at each of the IMT meetings there is a decision logger, to
support the fast turnaround of action notes and minutes.

Learning Point
The trawling questionnaires and subsequent investigations of foods supplied to the premises

that cases ate at by EHOs and FSS allowed the rapid identification of the source of the
outbreak. However the trawling questionnaire was found to be long and in places repetitive
and time consuming to administer.

Recommendation
HPS to progress work reviewing and refining the STEC trawling questionnaire by the

summer of 2017.

Learning Point
The establishment of the sub-group of the IMT chaired by FSS to progress the detailed and

technical discussions around assurances of processes at the food business worked well.
The sub group provided a focused environment for those discussions and reduced the
potential length of time of the main IMT meetings. However there needs to be explicit
understanding of the Terms of Reference of the sub-group and how this also relates to the
statutory obligations of representative agencies.

Recommendation
Under a separate work stream, a group is being established under the Scottish Health

Protection Network co-chaired by HPS and FSS to review current guidance on the
investigation and control of outbreaks of foodborne disease in Scotland. This group will be
asked to consider the potential inclusion of specialised sub-groups of an IMT and consider
draft terms of reference.
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Learning point
Approximately 30% of STEC from humans identified in Scotland are confirmed by SERL as

non-0O157 STEC. Scientific Service Public Analyst laboratories in Scotland relying on
standard culture methods for the detection of STEC would not have detected these
organisms. The adoption of PCR testing for E. coli 0157 and STEC in food and other
environmental samples by Scottish Scientific Service Public Analyst laboratories would
provide an effective way to detect shiga toxin genes and aid in the subsequent isolation of
the STEC.

The pre-incubation of food samples needs to be considered as the standard broth of mTSB
is perhaps unsuitable for some matrices, and non O157 STEC enrichment with BPW may be
more appropriate.

Recommendation
The capability and capacity of the Scientific Services Public Analyst laboratories to detect

and isolate 0157 and non O157 STEC should be reviewed in conjunction with FSS and
SERL. The VTEC Action Plan for Scotland® includes a recommendation to review the
laboratory provision for STEC testing of food in Scotland and a mapping exercise is being
undertaken to identify current availability in public and commercial scientific services. This
work will be considered as part of the wider review of Scottish Public Analysts in conjunction
with strategies to implement WGS in Scotland (see below).

Learning point
Currently in Scotland isolates of E. coli 0157 are typed using MLVA and non-O157 STEC

isolates are sent to GBRU for WGS to determine serogroup. Additionally the comparison of
strains across the UK requires the exchange of isolates between SERL and GBRU which
can delay the linkage of potential cases in outbreaks.

Recommendation
WGS should be implemented in Scotland by SERL at the earliest opportunity and include

provision for the sequencing of clinical and food isolates. SERL has recently completed a
successful pilot of WGS and is working towards the implementation of WGS for the routine
typing of all STEC isolates during the summer of 2017. The requirement for WGS capacity in
Scotland is recognised as not being restricted to STEC organisms and is being progressed
through wider National Services Scotland led Reference Laboratory work. It is critical that
this work takes full account of official food, water and environmental sampling activities
undertaken by the Scottish public analyst network to ensure there is adequate capacity for
outbreak investigations and on-going research to improve understanding of the attribution of
STEC infection in Scotland.

Learning
The food chain investigation work was hampered by the lack of information held by

distributors of the batches of cheese provided to different premises.

Recommendation
FSS and the Scottish Food Enforcement Liaison Committee should consider current

requirements for food businesses to identify and record this information and develop best
practice guidance during 2017/18.
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Learning point
A number of cases were unaware of the type of blue cheese they had eaten in

hotels/restaurants when it was served as part of another dish or was on a cheese board and
were also unaware that the product was unpasteurised. Current guidance recommends that
some unpasteurised cheese products should be avoided by certain high risk individuals
including the elderly and pregnant women, to reduce the risk of listeriosis. Although there is
a legal requirement for manufacturers to label the products as unpasteurised, there is no
legal requirement for labelling at the point of consumption by the consumer (e.g. on a
restaurant menu) or at the point of sale to the public (e.g. retail outlets). This restricts the
consumer from being able to make an informed choice regarding the consumption of
unpasteurised cheese.

The need for adequate labelling of raw cheese at point of consumption was also identified in
the VTEC Action Plan for Scotland® (recommendation 10.1) and a survey of Local
Authorities was undertaken at that time, demonstrating a very mixed picture of labelling at
the point of consumption/sale.

Recommendation
During 2017, FSS and the Scottish Food Enforcement Liaison Committee should develop

best practice guidance to ensure unpasteurised cheeses are clearly labelled to support
consumers in making an informed choice.

Learning point
The SCA Assured Code of Practice does not provide sufficient guidance regarding the

validation and verification of food safety management controls for STEC. This incident has
also identified that further guidance is required on appropriate testing regimes for STEC
(including non-0O157 serogroups) in ready to eat foods such as cheese.

Recommendation
During 2017 FSS and the Scottish Food Enforcement Liaison Committee (SFELC) will work

with local authorities and the Specialist Cheesemakers Association to strengthen existing
guidance and promote an understanding across the sector (particularly small producers) of
potential risks associated with STEC and control measures and testing regimes required to
manage the risk.

FSS and SFELC have met with the Specialist Cheesemakers Association twice during the
first quarter of 2017 to scope out this work.

The Specialist Cheesemakers Association are arranging courses for enforcement authorities
in Scotland on the cheese making process; this will support ongoing collaboration and joint
understanding of the risks and how they are controlled.
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Appendix 1:

Abbreviations

ay Water activity

CCP Critical control point

CPHM Consultant in Health Protection

ECL Errington Cheese Limited

EHO Environmental Health Officer

ESS Edinburgh Council Scientific Services

FBO Food Business Operator

FSA Food Standards Agency

FSS Food Standards Scotland

GBRU Gastrointestinal Bacteria Reference Unit
HACCP Hazard Analysis and Critical Control Point
HPS Health Protection Scotland

HPT Health Protection Team

MLVA Multi Locus Variable-number Tandem Repeat Analysis
IID Infectious Intestinal Disease

IMT Incident Management Team

ISO International Organisation for Standardisation
NDNS National Diet and Nutrition Survey

OCL Official Control Laboratory

0PRPs Operational pre-requisite programmes

PAG Problem Assessment Group

PCR Polymerase chain reaction

PHE Public Health England

SALSA Safe and Local Supplier Approval

SCA Specialist Cheesemakers Association
SCVPH Scientific Committee on Veterinary Measures relating to Public Health
SERL Scottish E. coli O157/VTEC Reference Laboratory
SLC South Lanarkshire Council

SNP Single-nucleotide polymorphism

STEC Shiga toxin producing Escherichia coli

Stx Shiga toxin gene

UKAS United Kingdom Accreditation Service

VTEC Verocytotoxin producing Escherichia coli
WGS Whole Genome Sequencing
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Appendix 2: Timeline of outbreak investigation

Date Event

21 July 2016 HPS notified by SERL of eight confirmed cases of E. coli 0157
PT21/28 with the same MLVA profile and four cases of PT21/28 for
which the MLVA was awaited

22 July 2016 PAG held

22 July 2016 Four cases reported on 21 July for which MLVA awaited confirmed by
SERL with outbreak profile.

22 July 2016 HPS Alert about outbreak issued to NHS Boards, Local Authorities,
microbiologists and Scottish Government.

26 July 2016 IMT held

26 July 2016 FSS contacted SLC to advise that cheese produced by ECL had a
possible link to an outbreak of E. coli 0157

28 July 2016 IMT held

29 July 2016 IMT held

29 July 2016 ECL advised SLC and FSS that they had instigated a voluntary recall
of batches C22 and D14 on the evening of 28 July

29 July 2016 FSS issue product recall notice for batches C22 and D14 of Dunsyre
Blue

29 July 2016 HPS media statement issued on behalf of the IMT

29 July 2016 Updated HPS Alert to NHS Boards, Local Authorities, microbiologists,
NHS?24 and Scottish Government

01 August 2016 IMT held

04 August 2016 IMT held

09 August 2016 FSS chaired sub-group

11 August 2016 IMT held

17 August 2016 FSS chaired sub-group

18 August 2016 IMT held

23 August 2016 FSS chaired sub-group

25 August 2016 IMT held

25 August 2016

IMT advised of provisional positive result for batch F15 of Dunsyre
Blue

25 August 2016 Ad hoc IMT core members only

26 August 2016 Ad hoc IMT core members only

30 August 2016 IMT held

30 August 2016 Presumptive positive stx2 reported for batch E24 of Dunsyre Blue
30 August 2016 FSS chaired sub-group

31 August 2016 FSS chaired sub-group

05 September 2016

IMT held and IMT stood down

05 September 2016

HPS issue media statement on behalf of the IMT including that the
IMT had stood down.

08 September 2016

FSS issued product recall information notice for batch E24 of Dunsyre
Blue

10 September 2016

FSS issue Food Alert for Action for batch G14 of Lanark White cheese

14 September 2016

Two additional cases confirmed with the outbreak MLVA profile.

14 September 2016

Presumptive positive STEC from batch G12 of Dunsyre Blue and
batch H24 of Lanark White

14 September 2016

Ad hoc IMT core members

14 September 2016

FSS issue Food Alert for Action for all batches of Lanark Blue, Lanark
White, Dunsyre Blue, Dunsyre Baby, Maisie’s Kebbuck and Cora Linn

15 September 2016

IMT held and IMT reconvened
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15 September 2016

FSS issue updated Food Alert for Action to also include Sir Lancelot
cheese

15 September 2016

HPS issue media release on behalf of the IMT

16 September 2016

FSS chaired sub-group

21 September 2016 | IMT held
21 September 2016 | FSS chaired sub-group
28 September 2016 | IMT held

12 October 2016

FSS chaired sub-group

12 October 2016

IMT held and IMT stood down

28 November 2016

Debrief and lessons learnt meeting held
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Appendix 3: Membership of Incident Management Team

Organisation

Health Protection Scotland, National Services Scotland
Food Standards Scotland
South Lanarkshire Council
SERL

Edinburgh Scientific Services
Glasgow Scientific Services
Public Health England

Food Standards Agency

NHS Dumfries & Galloway
NHS Fife

NHS Grampian

NHS Greater Glasgow & Clyde
NHS Lanarkshire

NHS Lothian

NHS Tayside

Aberdeen City Council
Aberdeenshire Council

Angus Council

Dumfries & Galloway Council
Dundee City Council

East Ayrshire Council
Edinburgh City Council

Fife Council

Glasgow City Council

North Ayrshire Council

Perth & Kinross Council
Scottish Government (Observer)



Appendix 4: Trawling Questionnaire

- I wsTcT oA

VTEC 0157 PT 21/28 MLVA cluster

{(Full) Trawling Questionnaire

Pidae tick b orwrite in the space(s) provided. USE BLACK DR DARX BLUE BIRDYPEN.

Interviaer's initiaks. .

Arteennt Dare.

, Forename:

2 Address:,

L —
» Tel ne (heme/mobdel:

a see Female (] e [

L Datg of Birth: ... ldd mensvan]

w " TEyeareafage pl pa dnenite:
fanename: Surname:

Relationship statis ..
[Prompt: rother, father, prandparent, sister, fos rent ecr]

Where

=
2
z
5

Farmisnd, fielss, graring lans ete.
Park

Fihver/eanalfstreanm

Livestack markets

sl helgings

Slaughter houses

Ooooooao
Oooooooao

Cemtery

12. Aeleiress of woskpIReE 8 SERBE] L

it code .,

13 Isthe place where you werk of your school close o fialds?  Yes []
14, Does the place where you work o your school have a pond? Yes D
15 Are you irvelved in any actvites where you handle or come into contact with:

[Romptindetes valunteny work o hepping vt

Details

Tes

Animals

Indants (<6 yrs)

ooooao
OoooOooogs

Elderly people

People wha are ill s

R meat frarases -

Yes  Wo Detalbs

Food o 0O

soil O d

Marara O d

Compos O d

ne ]
w1

7. Do vou hive any long: h [.g. irntable bowel sy ] o wre vou being
treated at a clinic orby yeur G2 for sny cther the 7 DAYS . first
aarad?

vo O %O

EVES, whatwere you being treatsd ford

Witiere did you recene trestment? _

& Dl you visit any chis o specialists providing alvernative thersgies? Yes [ ] ne[]

W YES, phiase gve detalls ¥

Whene 2id veu recee trestment? .

il Wt you taking amy of & in the i

Medizines (oral preparaticns) Yes O w0

¥ YES, phese spacity Type (5] ...

Digsany suppemens
e gowrimer ks, Faikes and sl

1EVES, pheasa spacify Type and brand (5]

Mace of purchase ...

Wiksming snd minersds ve [ w0

1 YES, phease specify type and brand (3] .

Place of purchsse

10, What doyou think caused your ilness?

1L layourhome wanin afhe minte walk of sy of the following?

16 Are you invohved In any ouTside acivities? was [] ne ]
[Preimes e, syt st fors o recsestion]
WYES,  please g

aetails

17, Dedyouvisit friands or family in the 7 DAYS before you became 17

IPromet: partes, WL, SO, BBONL IER] £ NS, ST, ML #12

ves ] we [

IEYES, please grve decalls

18, Dl you visit any haspials in the 7 DAYS before veu became 7
ot inedding vads b ARE]

ves [] |

IFYES, please grve detalls ..o ...

14, Dl e s anwthing spelal or different in the 7 DAYS before vou became ill?

[rompd: porses, iy, AL, SO, PITRY #rend, UrEhone, meal, s

ves [] |

f WES, please ghve details

Fail Dod you go on ary day tnp the LK in the b il
[Pty e it i, e o i, s, sy (e, g, s ]
wh — wl

L [ Dot code if kitwn er anea eg Central Londen)
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2.

i iU ErEvel CUTSITE The LIK In the 7 DAYS before vou became 11?7
vt irenses duaess vt

ves ] ne [

What eouritry, and Resert [ town did you vise, and whiat werne your tavel dates

Date et

Doyou hive any hobbies or pastmes?
Prmpe gasieting, i, Aking, fttnd, s mbeig o

ves [J we [

HYES, plesse specify

Did i handle any potted plants inthe 7 DAYS before you became i1

ves [] we [

o s give detalls [fvpe of plant and where bought  knewn]

Did wou handle Ny ot Mowers in the 7 DNYS before you betame (17

ves [] na [

Hyes g Ve e Merwers N ghn i knewn]

inthe 7 DAYS before you became il g you carry or handle any manure or compost #

ves ] no[J

T YES, pluass specify

F

Mo IFYES gve cetalls

Zoos

Rird sancruaries

Animal markets

Slaughter houses

OooOoooo
OoOoooo

Small heldings

£ 3

Do vou or your family keep any of the following pet animals?

Yo Mo
vegis) [m] [m]

catls) a m]

Fish O a

Birdis) a a

[Rompt: brkpn, moron, poeors o]

Reatets) m] ]

[ ———

Oeher animals (] (]

Pease specify

Iompr namesen, ratai, fmge v

DI i el the pets, o thelr cages, banks ete? ves ] we [J
Dl you fead the pecs? ves [] we [
Are your pets fed In the kitchen? ves [ we ]

Dl you come into contact with any animals cutside your home?
{Prmprsar i e, schnalerc

ves [ we [J

1f YES please spetify. ampt: s, dnge, fomisins, s, srmaping 4t

Did you or arry other member of your household buy any of the followsng products in the 7 DAYS

bef ore you became ill?

Yot ™ Ves Na
Foshiood O [0  ogchews O O
Dirteed O 0 cotbiseuns O O
Friesh meatuifal O O  ower O O
o cehar, plasse specifyypa, LS —

E

F

£

Dif Ve RATIEIRGRE I oF STent any of inthe 7 vau
became ill?

[Prompr: partes, Ry, SOACHTY, ExhEions, IPITR Frend, Surchone, Peol, #t)

Detals

Yes

Parties [}
m]

ConcertyThestne

Na
O
a -

onemns oo

lessecemre ] [ -

Oeher |Inn|

IFOther, pheie g details

Inthe 7 DAYS bifore you became (Il did you vist any of the folowing?
YOS gve detals

Parks

Wild g rmugh ground
Weedlands

Farms

Flekds

Grazing land

Beahes

L, pons etc
Canals, rhvers e
Swimming poals

Allgiments

Garden centres

ables

o o I o o o o o R R A o
[ o o o I

Campsites

T YES 1 any, wh the product: ineres]

D0 v rid e, Beuch &r cant for an hirses or poniés inthe 7 DAYS before vou became ili7

ves [] we [

¥ YES give details [eg e stables near xxwllage in Kent ete]

i you visit any places where Farm animals o wiliife might be found in the 7 DAYS betore you
brecame il [Promen: parks, farms, wooeds, mos ete] wes [ we [

IPYES ghve details [ef i 200 or park, of woods neat Rovillage in Kent ece]

D ok £ INEG CONCACE With Ay oats, kids, sheep of [amibs In the T DAYS before you biacame 17

ves [] we [

Dy ccme s cantact with sy cows o catvesin the 7 DAYS befors you became il2

ves [ ue [

i o come ke cankact with any other Farm animals or wigife in the 7 DAYS before you became
7 tPramet: eve, b s, ik sef ves ] ne [

IF ¥ES, what fypes of animal did you touch?

1Fveu have & garden o aceessbe azemmunal garden or alletment did vou come into centact with any

wildlife o shelr Groppings In the T DAYS Bfore you bacame iI7 (fremer: sy, frees, secpengs, s oo

ves [] ue [

HYES, what types of animal were they?

it yiou hancle or faed any gardan birds,in the 7 DAYS before you becams iI17
ves [] Mo ] YRS, whist type of feed did you use?

Naene of brand .

PMace of purchase
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NOLIN

Moo Wi 38 oing T ek Yo AbOUT cooking and prepaning food At heme,

a0 Didyou hande sy of th 1§ risw foods in your 7 veu became il
Ko Wherehought

Eags
Sesages
Geefturgers
Mirced beel

Other bewt
[mompe:sawon, o ete)

Lamib

Gther pork
I#ompe: chapr i erd]

Chicken

Turkey

Oher meat
[Pmmpes duss, roanr oo

FaCAtoes

Carmats

Onions

Liwks

00000 000 OO0 oooopoars
00000 000 0O 00000

Other wgetables
{omee:porins, cottoge et

1 you did handle sy vegetsbles, was there sy sil en them? ves [] we [

a1, Did any cther members of your household handle any of the above rw foods in yvour kitchen in the
7 DAYS before you became ill?

1 YES v o€ i [despe:porenes troaer. ssernas]

a2
Yer  Wn

Washing/eutting vegesables O 0O
Miking/mising cakis O O

‘W Are going 10 36K vou boA foad aten in the 7 DIRYS befere vou became L

vervies |
2. Didyou hwve a packed lunch prepared at home?  Yes [] ne [

53, Have you esten lunch & any of the following places in the 7 DAYS before you became il?

No  Name

fchome

At WorkSehool

Restaurant

Take wwany

Fub

oooooa0ozs

Other

54, Did you eat any food nchuding take-meays and delhvered foods) from or in any of the following places

in the 7 DAYS before vou became il

ey Kame/Dranch
Coffee sty
{oesmars ey fersucin, Covmner)
Burger bar
[#eompr: g Mcliaroi, S ting v
Pizza parkour
[Promprz g Comings, He Bpremard
Kebab shop O - -
Fish & thip shep O 23

Ered chicken bar
[Mompt: g KFC, ermesoe Souad Chisoen atef

Baers shop

Sandhwich bar

Delcatessen
fmacinmpapes

Biritish restarant

Chiness restaurant

Gresk restaurans

D000 000 000 0O OF

Ooo0oo ooao

ian restaurant

¥ yous i make ay cakes could you have sacen any of the mix bafore [ was cooked?
ves ] w0
In which part of your kitchen fridge is raw mest kept?
ves No ves Wa

Top O O ol
Botton a O  other

If ether, pléase sorecify Prompri o denpenne drwr.

oo
oo

15 T Mk SUOTE 1 8 TrERIEr? (emptsnshetes Bt ino fidge Beeseel

ves [] we [

Gothe cooks inyour family or housshold uss a separate chopping board for curting raw meac?
ves [ ne [

155 possible That the cooks In your tamsly used any gelain in making any dishes inthe T DAYS bafore

ool became i7 wes [ ne [ 17 ¥es, what brana?

5% possitle that the cooks in your famaly used any mik powder in making any 9shes in the 7 DAYS

before you beeame iz ves [] Ne [ 1 ¥Es, wha brand? ..

T % pogsible that the cooks in your famsly used any whey powder in making ary dishes in the 7 DaYs:

before you beeame iz ves [] Ne [ 1 ¥Es, wha brand? .. -
I5 & possible that the cocks in yeur v anyflour any 7 o
Beecame I wes [ ne [ 17 ¥es, what brana?

1518 possibie that the cocks in your family used any suetin making any dishes in the 7 DAYS before
o became @12 vei [ no [ 1 vES, what beand

1518 possible that the cocks in your family used any beef dripiing in making any dishes in the 7 DAYS

before you became 12 ves [] e [ 11ves, what brand?

Italian restarant

Onhar resaurant
Hitel
Caté
Prome s greey s g, seperror
Puity

oooo

[
1

Canteen
[recepe o wan, sehos 4]

0O oofoooo

Food tallsfvans
recempe ey kneh ron, et o

£
B
g

Motonwy serace
Alrport
Risbwivy staticatrain

Petrel staton

OO0oO0o.o 0O

ooooo

oxher
[Prnmpes g jeey, tosme pout o]

D ou eat any of the following foods in the 7 DAYS before you becamne iI7

Prapared at home wasmy frcsms hoeess
Chicken piespasties
Fried chicken nuggets/oerions
Hax chicken
i L ]

Cold chigkan
[Fommprs o st ey e s, Enias e
Chicken nver pdadfparfas

Hiot turkey

Cold turkey

{Prevmaets g sorsshric ey oo s, saloch 1]
Ht duek

[Prevmapts g rousty, criney jried duet et

Cedd duck
#ompe; g in 3 wrophondech]

O000000o0o
O0O0O0O0OO00oo
0000000 ooos

xher poultry
[emet a3 95w, e out, s pe o]

1£¥E4 1o ceher plaase specify
frpeci el peresicpel
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If waten sway from home wene the products bought from ? [ Can be more than one|

Yes
Coffee shop
{mermer: oy Sersects, Coumaene]
Burger bar
{Pramprog aoanam Buager ang oy
Pieca parfour
{Prompts g oo, Hiss Exgrearatd
Kbt shon O
Fish & chip shop O
Fiied chicken bar
[Prompts o3 KIC, Tased i Chamen st
fskars shop O
Santiwich bar O

Delicatessen or Farm shap D
fretin @ s orarked]

British nestarant
Chirsess restaurant

ek restagrant

Ingan nestamant
Tahian restaurant
Other netaurant
Mot

(=]
[Peamprrgremay spmns, poprmmsiey, grems
Pub

Ooo0o0o0o ooo

Caneen
[Promet: e werk, schoddex]

Food stallyvans
[ morasgie

O

)

Meterway senvice
Hlrport
Fsllway saTion/Train

Futrd wavon

0OOooooso oo
0oooooio

Other
[mempt ey crena ferry, eve

i
2

8. Did you et any processed beef products which were cooked at home?

ves [] ne [

1 YES please specify

I waten sy from home wene the proguct:

Yes
Coffer shop
L -
Burger bar
{mermar: ey MDcrs, Buger D]
Picza pariour
[mamp: 03 Oamince, Mo Dgress el
sabib shop O
Fish & chip shop D
Fried chickan bar
[Prome i oy WFC. Tennaser Fraesl Chisen evr
Bikers shog O
Sanwich bar O

Delicatessen or Farm shop []
frotinomprmorksd

frizish restaaranc
Chinéss nestaurant
Greek restaurant
Indian restauranc
Ialian resBUrant
Oaher regarant
Heeel

Cald
{Prseme s gress  pmsarn, sepe

iEIEIDDEIEIEID

i

Pub

Canteen
[Pt o waes, serost el

Food stallgivans

¥ bought from # [ Can be more than one|

rormagum

Motorway serdce

Ooos0 oo

Alrpart

O0i0 Oofoooooooo o

¥ waten at home wene the preducts bought from 2 [Can be mone than one]

Yer

Supermatke
Comer shogjminl mic

Delicatessen
[mot i @ supermarnket]

Cheass shop
Market
Mohile shop

Other

oooo ooao

IF other please sty
o

oDooo ooo s

Kame/Dranzh/Losatian

e

orer

56 Dl you et any of the following foods contaiming beef inthe 7 DAYS before you became iI12

Durgers

Ocher minged basf dishes
Promat lmogne/chilyoottoge pie et

Stk
Feoas beat (hoe)
Bt stewfcissercle ey

Pies and pasties
Promat sieok & hidver e, Corrish posty et

Cold ramtfcomed basf atc

Sarkages [Inchuding het dogs]

Preparedathame Ay from home.

oo

0O00 Ooooopo oo

O
O
O
O
O
O
|

Crher breed
1EYES tor other please PRy oo e T—
57, D v et il in salans or hies ete, which
] b voub i, Fnguis, Braem o)
ves [] ne [
1£YES pleasa specfy
Imome:

1f YES, was the meat sliced at the counter?

ves ] we

[Mompt: 510 BUERGA NP OF S BCO0MIN DM

Ratwaystabenstin ] [
Petre station O 0O-
xher a..-

¥ gatan at home wane the pridiscts bought from? [C3n be mars than ana]

N
Supermark
Comir shomynin mat

Cudicatessen
[t im0 supermork et

Yes

O

a

a

Cheese shop [
skt a
Natile shop [
a

orher

1F ether please SOV e e e

. farm pboa,

NamefBranch/Lozation

54. O you eat any of the following foods in the 7 DAYS befors you became 7

Prepared at hame:

Prark sausiges
Bacon
Gammen

Hot pork dishes
Mempts s, hep, esmsenles et

ok s

ek seratchings

Ham
st inciening Forsms, Sarmmna o o]

Dy cured ham
[Porma, Srmov, Bayonne hae i

Luncheon meat

oag

00 0D0O00oDpo oooo

00 O0OoOoooo oo

Aoy froen home

Oo0o0 oooo

00000000 oooos

at home in the.
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Othr O O O Cartasn O O

[Promp ag s, sernt o]

If Gehér pleass specy

g o ', rosrindeo w i) Food stallsfvans —
[recmpe ey Anch von, Tt dog afond, mare! s efc]

Mooy sEnene 0 Do
Airpert | N T SRR

IFham, salami or lunchéon meat wire eaten

Wt ey of the produts sliced st the sop counter? Yes [] ne [ T
S ————— [ TE T T [ [ I [— AE—
60, Did you eat any processed pork products which were cooked &t home? Petrel staicn I:l D

i oy ] ok, clanrers ool efe]
wO w0 s = B

16 VIS please speify Te BEANDS . e e e H esten ak home were the praducts bought from? [Can be mare than one]

If eaten sy the products [can b onel Yer  Ho  Name/Orsnch/Lacation
Yes e Supemmarket O g
Cofen shie! . Cormer shonfmini mit - s =
LT —— o0
kg b . o Gelicatessen 0 HO—- e e
Imvompe: o Mcioroin, Buge g atd fect v o supemivorkenr]
izt perlour Chesse shop O O-- [
g g Cnmiren, P Fugeessomf B o O
Kehab s
o =] Matle shogs O O
Fish & chip thop
g rher O O

Fried chicken bar
Imemet: 43 85C. Termente Foed Chaen sicd

Bakers shop

IF other please ey ..o .
o it

Sandwich bar

Bl D you eat any o shes containing lamby/mutton in the 7 DAYS befora yeu became (I
[Mompe: focet kant, chaps, by, e, coesencie, urmen o stews]

Dilicatessen or Faem shop
fracin 2 pepemaried

Dritish restaurant

Coobed sthome from e [] Buasy meals cooked o home [

Aowy from home O we O

Chingse restasrant
Gresk resTauraNg

Inelian restaurant

If esten away from home were the praducts bought from? [Can be more than one]
Igalian restaurant
Yot Ko Wame

Coffes shop O O
[ —

Burgerhsr O O——-
Ireuemse o s, Suger g e

Mzza parlour | o [

Other restaurart

Hted

Calé
[mompe: greonp smsen, sperresiety, gre

O000o0oOooo ooo
000000000 OO0 OO0 O O O3

Pub O [Promac ap G, fusa Parerare]
Kebab shop Wbl shep o]
Fish & chip shop Dther O

Fried chicken bar IF cther pleass specify

[mompei ey PG, Teresee Foe)

Hululw

2

Baboers shop.

Sandwich bar

B2 D you eat any of the following focds in the 7 DAYS befart you became #7

Delicavessen o Farm shap Cooked/prepared at home vy from hame

ys—— Kebabs
Brivsh restaurar i - -
Sausages
Ch 23 it - - - -
nese restran o
Greek rest i3 —— E— -
R Sausage rolls

Indian restaurant
Pasti meat pies

Italian restaurant

Oo0ooooopoOo ooo
0000 0000000000 OO0 OO0
Ooooooooooo
oooooooooo
Oooooooooos

Seench eggs
Other restaurant
Higgis
Hotel
Hisles
Café
Promp s prony s, supermsiets, ques Grawn
Pub a Tripe, Iosir ate
Canteen O
Prowmp s war, seted e VRS pithsu ey
Food stallsfvans O - R Pizzawith mest O O O
rordginnd, Pepperonend
Meteorwisy servce O = S = Rablt meat O a O
Airpert O - — Goat me (] (] O
Rabway sastionirsm ] - — Veron O O O
Petrol station O O- — ~ [ O O O
D [ovempt: reosy mase in sarng ot pocks |
Oner S ———
[Pemets agcinema ferry, e pork eic] Other D D D
If ¢aten & hime wene the produds bought fram? [Can be more than ane] IF YES please speafy

e e ot
¥es Mo Name/Dranch/Location gy o

Supermarket " ¥ home were the products bought from? [Can be more than one]

Delicatessen
[ratin @ supenmorket]
Cheese shop

O
comershopimnimia ]
]

Matker

O
O
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3

Kame o eaten ot home wene the preducts bought from ? [Can be more than one]

Coffee shop N Yes o Name/Branch/Locstion

[Prampt: ag Sewbicia, Caetarate)

oo

Burgerbor Supemarker L L[esecmasereranamem,

oo o Mclomatly, dusper g o comershopiminimis  [] [ comoomee ——

papor o I - Dulcatenen [ R P _
(ot i 0 supermerke]

Ll D Cheese shog I:l D LI e oty Ty

Fush & chip shop D Market D D

::if:;‘zf';:m“mgm Mekile shap B O .. =

Bakers shog - - Oxher O O

Sandwich bar If ccher please specify

ooo

Delicatessen or Farm shop
[retin o ruptrmorvet]

A —— o o B2 Didyoueat sy seafood In the T DAYS before you became (7 rrampr:fin o, sowmp; missssg
Chinse ntstaurant Cooked athome from ram [ westymeakscoskedathome [
Gredkrestaurant Fady Lo eat at home [0 awavirem bome (]

Indizan restaurant
No O

ITYES, whatmype of seafood? . . .

Italan réstaurant

Ocher resaurant
i esten sway from home were the products bought from? [Can be more than one]

inooooooo
DO00O00j0 0000000000 000 000 O 0 O3

Fried chicken bar
[Prompt sg 0C, Tarrvenss Srud Chvchen 4]

Rallway sUation Train

Bakers shog
Putrel iation "

oo:ooo
0 000 00D OO0 0F

Santwich bar

Hotsl
Yei Name
Café ey = pe
[ —_— Coffeeshop O
e ———

e o e Burgerb O
Canteen O S _ _ [Prompr ag Aifionsisk unper ing ex
iy -l Pizzs pariour O s e e
Food stallsfrans O fraomer e Oamrc, i Express o)

Pt g s, Kebab shap S
Motewa servce O Fish & chip shup
Hirpart O

Other

firocucapchemg e e pamend ol e R
et i egpersrae b
British restaurant O P

Chirvese restaurant

Greak radt asrant

Indian restaurant

e — 4. D v eat any of the fellswing Foods in the 7 DAYS befare you became U7

‘Joooooo

If cther pltase sptfy (Greek resTaaAnT
Inan restaurant
ITakan restaurant

eher resaurant

a
Iakan restaurant |m] Prepared at hoane Ay from hame No
Other restsuret D R o B Omelemes/scrambled eges D D
o O Egg sandwiches O O O
_— o Egg salads O O O
Iieizpis gee spsens ey ganavee] Eggs with runeiy volks a O ]
Puby O Haoseea — Bges v byl 0 O O
o APPSR e B &8 5
Foed stallgivans [ .. [ zssnesmanressm, = Souffles O a O
PRp—
Lt O 0 = of handled, gaten or cooked away from home were the products bought frem # [Can be mare than ene]
airpert O [eesems = ey Yot No Name
Rasilway station/trsin | I [ o R Cesfe shop O g
P —
Petrol station O Qg 2 acegacEa
Other O O {Prome ey Menalsh, Surpes Kirg o]
[amse: epcnena jerry. e parkanet [—— [
If gaten & hame were the products bought fram? (Can be mere than one| (Prompt a3 Games, Meas Gsrest red
Yes N WareefBranchyLocation Kebatr shogr I:l D T ——
Supermarke: o o Figh £ chip shog o ad
comershepimnimie ] [ F"“‘:‘:tﬁz‘e@" h-umm..lD e
Dalicatassen O o -
e i Bakers shon O g
— o O Santwich bar O O
) belcattsen orfamshen ] [
Market O O e - oo msiathoiti
Mobile shap o O rmieh restaurant O
Other O 0 Chinese restaurant O
O
[}

oooo Ooog

Hotel
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caft Ol EY
{#rommatsgrecey semcns, rperrrarkers, grms ]

Puby

Canteen
[Rrompt oy werk school ete]

Food stallsfvans

Muotorway snéce

Alrport

Railway station/train

Putrol station

oopoooso oo
oopoooio oo

Other
[rampes e rinema jeey, e g v}
If eaten & home were the produ s bought frem? [Can be more than one]
Ko Kame/Branch/Lacation
Supermarkes
Cornmer shopfmini mit

Deliestessen
[t in & segmrmorket]

Cheese shep
Market

Mobile shog

Other

OoooOo ooag =
OoooO oog

If ether pléase specify

Were the eqgs sold baned ves [ ] Mo [ crtecse ves [ we [

Were the eage Lion mark e Yes [] no []

&5, Did you eat any other types of eggsin the 7 DAYS before you became ill 7
[P Ak g, unis o, e agge |
ves [] ne [
11 YES IESE ST oo e e e s
Purchased from

(28 Did you drink {or have with cereal, tea/coffee etc] sny milk in the 7 DAYS before you became ill?

o5 Mo

Hard white chedse O O O

fieg Cheddae, Edans, Feba e2e]

Cooked cheese dishes O O I

feg pirra, macaroni cheese el

If maten way from home were the products hought from? [Can be more than ona]
et

Coffee shop
[mrompt: e Jevbics, Conma et

urger b
[remers o MOz, Femger ving ere]

Pizza parlour
[rrampe: ag (ominag, s D aic)

Kebab shop
Fish & chip shop

Fried chicken bar
{Prsemp s ey BFE, Terrsesor Fried Chihen riz]

ooo

Bakers shep

Sandwich bar

ooo

0000 0000000000 000 000 O 0O O3

Dilicatesstn or Farm shap
[rerin mpp ke

British restaurant

Chirmess nestiurant

ek restaurant

Indian restasrant

Italian radturant
Other nestaurant

Heedl

Café
[P gresay spons, superiren

i

Puly

Canteen
[#rompr: ag work school ex]

Food stalls/vans

Motorwin snice

Alrport

0000 Oo0ooooooo

Fealhway staion/train

LTS 1EYES wark the milk?
Yes No Brand
Cows mik O O i S -
Goats milk O O - VRN
Sovamilk O O - ey -
Oeher (] O — -

LT S ————

u Was the milk?
fot  Sembskimmed  Skimmed
Unpageunsed

Full
O
Pastaurised O
O
O

ooooo
oooo

Fitered
Sterised/UHT
Fowgersd O
66 Wt bought from® [Can be mere than one]

Yes L] NameDranch/Lacsian

Supemiacket O
Comer shop/mini mix D
ililk round D
Other O

HE!

n Did viou eat any of the following types of dhéese in the 7 DAYS before you became @7

[Proenpr: includes cheese in salads, san dwiches, burgers et|
At home Away fromhome o Typels) of cheese / brand

Goas chees SR

Processed cheese
feg Cheese strings.siices) O

lue cheess
leg Suitren, Gongenzola ere]

Cheese spread
leg Philadeiphia, Direa, foulé end

O o oo
O 0o oo

her seft cheese
ey Brie, doleinite, cottoge cheese etcf

Petned station O 0O
Ocher O O

Prompes g cineme ferey, theme park evc]
¥ waten at home wene the products bought from? [Can be more than one|
L] Name/Branch/Location
Supermarket

Comer shegy/mini mkc

Delicatessen
[t i o superimorket]

Cheese shop
hiatioer

ntbile shop

oooo ooog s

Other

If ether please spexity
o

7. W the cheess prepackad ¥ ves [] wo [

T2 Wi the chiest it in the shap ves [Jican bebott]  we ]

EE S Did you eat or drink any of the following products in the 7 DAYS before you became ill?
Athome  Awayfrom home  No o Type(s)/ brand

G O O I

vogpant O O O

Fromage frais (] O | i [

Butter O 0O I —

Probictic drinks ] O I

Moot o Yomm, Actuso 4]

Yeghur drinks D D D T —
o Vorl

ttlk drinks O O

[Prnempr o i arniare mis fm i e

smaothies O O O

Dcher O O [ eovsrwmmngem v

If Other plesse specfy

Bunremis, omasema per]
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IF aatian sway from homa wer th biought fram 7 [Can b

el

3

Coffes shogr
[Promets oy Tewbucts, Comins etel

o0

Burger bir
{Peompeag Mefiarab, fusper ting

i

Pizza parlour
[momp: oy Cominon, Mo Bgres

Kebab shop

H

Fish & chip shop

Fried chicken bar
(Aot a9 KFC, Ternesee Fried

2

O0o00oooOo oooiooo

H

Bakers shop

Sandwich bar

Dilicatessen or Farm she
[rvtin ey

=

British restiurant

Chinese nestaurant
Groek restaurant
Indian restaurant

Inalian restaurant

Other restaurant

Hotel

Café
[Rompt: grecey rpsans, nperm

}
3

Fub

Canteen
[Mompts g wark, schoct o)

Food stallvans
[Peompesag reh san, foe g rese,

O oo

i
3
g

0O0OO0D0O0j0 0000000000 000 000 0 0 03

i

Mutorway servce

Alrpert

Radhway station/train

Petml dation

ooooo

Other
[hompt egeiemaferry, e,

i
H

Kebab shop

Fish & chip shop

Fried chicken bar
[Pooumperog G, Terevenas Friae

Bakers shop

Sandwich bar

oooiooo
i

Delicatessen or Farm shop
[retin g upe

Riritish restarant

Chinese nestaurant

(Greek PesTRIranT

Indian restaurant

Italian restasrant

Orcher restay rant

Hitel

Cafe

[momps: greey spoons, supermos

Puly

00000000 000 000

¥
2
i

Cantedn
[Prsmpar g wnry, s o)

0O 0OOoioooooooag

Food stallgbvans
[Pampt: a9 Lirch wan hoP g HBAL

H
H
H

Mtorway strace

Alrpart

Radheray suaion/train

oooo

Petml station

Other
[mompt: 43onema, fory, theme pos i

If eaten & home were the producs bought fram? [Can be more than cne|

Yer  Na Name/Oran:h/Lozwrion

Supemiarket 0O s
Ceener shag/minl mix D D

Delicatessen
footin o supermrkel]

Cheese shop

oo o
oo o

Marker

If atan 3t home were the products beught from ? [Can be mone than o]

Kot Branch/Locatian
Supemarket
Comer shomminl mit

Delicatessen
Inet im0 supermonket]

Chesse shop
Market

Michile shop

oooo ooog 3

Other

If cther please specify
e

==

74

Er3

Did you eat any rutginthe 7 became 17

ves [ we [

1£YES pleade speoify
[Bompt: ok for trim o brorel]

D v ik any eream cakes in the 7 DAYS befone vou became 112 promee: crm mangs, soow, srapierse,
aher coeare e

ves [ ne [J

1FYES pleade gacity
[mvmet: o for tris o rorel]

D v ¢ak any ether type of cakes inthe 7 DAYS before vou became il
[Brosme resh prue 3 e

Serahpausy, s, sher]
whd D]

1£YE5 plessa spactfy

{Ammgarous for tyme e

£ e eat any kind of biscuits n the 7 DAYS before you becant 17 fompe Sepjacis makies ascia
ves [] Mo

1FYES please specify . ...
[mompt: atk for type and brand]

Did the biscuts cormain ruts? Yes ] we [

If eaten away from home were the products bought frem? [Can be more than cne]

Yes N

Coffes sheg
frromps o Stortwc, Conten et

urger b
(PrOmp £ MeGonaiES, Burper fing )

O 0 OF

Pz parlour
romps ag Gominog, i Ao

Mibile shop

Other

If cther please specify .
y L s

Other O 0O

If cther please sy
[Brormpt: oy ehurch o, priese] shmaden]

Dl yenl 83t any of the following types of Sescerts/puddings in the 7 DAYS before you bacame 17

My from
Athome Carton hame N
Maousse (e chacslane, leman, srawbierry ete) ] O

It yes, denals (avour/type] ...
Meringue (inchuding paviova/beked slass]

1 yes, details (avour/toe] ......

Panaes and cripes

1f ves, desalls iflavour/nyee]

Trifle with custarg)

1 s, detaals (flivern )
Tiramisy

1#yes, decalls (flaourope]
Home made loe oream

It ves, denalls (flavaur o)

oo o o

Otherice eream

1 yes, details iflavour/type] ...

Tow lollies

I s, detaly (Mamountipe]
Serbiets

1F s, daeails iflawourtype]
Frogan yoghur

Ifves, desalls iflavour/ome] ...
Frozen dessens

o o o

OO 0O 00 oo o

o

1 s, details iflavour/type] ...
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Wik pudsing O a O a

Jog o prasiting wtef
1f s, detals iffavour/typel ...

Cookie Daugh

I ves, decalls iflaveur/ope) ...

Orcher dessers/puddings

(Lo T T —

(Moot sieis Bamaher

i amy of the peddings sotan sresem? Yes [ ne (1
i any of the peddingscontan nuts? ves [ ne [J

IF earen swhy from hom e were the produsts Beught from ? [Can be more than one

82,

Yes Name

Coffee shog
[momps ey Serducn, et

Burger bir
[ gt MG, Susper ting e

Pi s parlour
[mvomps: oy ooy, Fuso e ete]

Kebab shop

Fish & chip shep

Fried chicken bar

[Prome 9 KC, Tervvesss e

ionoo

]

Bakers shop

Sandwich bar

Dalicatéssan or Farm shop
[nsin nrupemmariey

Biritish restaurant

Chinese restaurant

ek restaurant

Indian Festaurant

Italian restarant

Oeher restaurant

Hotel

Care

[momps: greoay spoons, supermod

00000000 00000000 Os

¥
i
d

O:00000000 ooo

Pub

O

I yes, please specify Tvpe, brand and place of purchase:

Dif vou eat aniv chacolaie coated NURS praducts in the 7 DAYS before vou became i1
ves [] me [

It yes, plesse specify Type, brand and place of purchase:

How wias the produd packed ?
In abe g gt bod ves ] we [

Inabag ves [ we [

Whit type of chocolate were the nuts covensd with?

Diirk cheeolate ves [] we [
ik chocolate yes ] we [
White choeolate ves [] ne [

i yu st any oiher nd of chacalte in the 7 DAYS befere you became (12
ves [] me [

It yes, plesse specify Type, brand and place of purchase:

Did veu eas any boded sweets in the 7 DAYS before vou became il {Le. sweets thas vou can suck on

g mint humbug, Pale mints, pear dropsl?

ves [ ne [J

IFYES, prliass spify tynet, Brand and place of purchice.

Did you et any other sweets in the 7 DAYS before you became (I Le.nougat, fudge, wffees, jelles)?
ves [ ne [

11 VES, prliase specify type, brand and place of purchase:

n N SEE]

Did veu eat any preducts with the foll owing nunsin the 7 DAYS before you became 12

Yer Mo Product/ purchased fram
Beanut O d
Cashew | i [ £ P
firadil O d
Wwalnuts O O

Cantesn
frromps agwon, schodl ek

Food stallsfvans
Promps ag nch won, Aot g reanal market sEadser

Meterway service
Alrport
Rl Saton/rain

Fetd station

Other
[promper o fomy, teme porkex]

If eazen at heme were the products boughe from? [Can be mere than cne|

Ve Ne Narme/Deanch/Lacmian

Supermarkes o 04d.-

Dalicatessen

]
Bakers shop
Market

Maobile shop

Other

If cther phease specdy —....
[P gpainser s smee e

WEETS

Did you eat any bagged chocolate in the 7 DAYS befor
Eggs, pappets]?
ves [] ne [

I yes, please specify Lype, brand and place of purchase: .

il [e-g. Smiarties, Makesers, Mini

Ol you ear any wrapped chocolate o chocolate bars {or eggs) In the 7 DAYS before you became il
(KR K, Milky way, Bounty, Twix, Snickers)?
ves [] ne [J

11 yes, pease specity Type, brand and place of PUrChase: « . ...

Did vou ¢ak any boued)’ bty nthe 7 b wou b

il [t bk type .8 Milk
Trwy, Black Magic, Roses, ualiny Screes, Colebeations)?

ves [] we [

Pire nusts
Sesame
Pistachios
Hiazel nus
Other nuts
Miboed nuts

Other seeds

ooooooao

Did you eat any inthe 7 you
[Araperoevemt ey, exspn, mondi.chpy, by i e ]
ves [] ne[]

If YES, please specify type and brand. [Prompt: crisps including flavowr, tortills chips, bombay mix,

seedmixes, ete]

Wers thay bought from?
MameBranhyLocation

Supermarket

Delicatessen

Cernar shepmind mkt
Market

Mobile shep

Remauran fake away

Doooooo:
DooOoDo0O0:

Other

I the 7 DAYS before you became ll 6 you eat any food that was bought sbeoad?
[Poruempes Rassgre by prumef ar gioen 1m pou s g

ves [ ] me[]

11V, please specify Type of focd BNd COUNSTY of PURCRBSE Prmer: o svranbe thee bor Fare s
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92, In the 7 DAYS befere you became Il g you ea any regional food Bems 2

Eig mavonnaise i Oxher pesse specty

e ks e e e e T s ettt 95, Didany of thess sandwiches inchude sy of the following extras?
sharsieaad | You No Vos N
ves (] na [ Mayoanaise ] O Mustard O O
IF YIS, plesse speciy Type and brand of food and place of purchase aeheramessing ] O Lettuce O a
= oy A = - ey - L F Oniens D D Cutumber D D
Tomatn O O water ress O O
Spnach O O Mustard eness |m} O
43 Did yeu eat any sandhwithes, rolls, filled baguemes or wraps that were baught or served away from senrs [ O Ochrer isaves m] O
home in the 7 DAYS before you became ill?
[Puemets micses e soncheshes e shepabo ey 18350, wrRYRIES Enfeend, SO OF DUt MEReY EwE mocke Hers O O WYES; clanie spectfy.
[Ty sy————— rampr: owvrder, boct ¥ evl
ves ] we [0 Were the sandwiches bought/served from?
s ¥es Mo Name/Brand/Branchflacation
84, 1 YES did vou ea any of the following types of sandwith?
Tmompt: I\.n\;..m ...."J. BRL BagurtwE .g";’n'e: Cu ..mmla,. Ao prapncnd inATarhe made B oeler 0 aaTah Dakers shep D D e ———
Frnparesd Sandwich bar O O
Prepacked Cumam made Busffer Na
Ham D D D D Supermarkes Iy s - -
Geet a O O ik market 0 O B =
Troont Bat. svmes et ok oat poepariared
Bacan/BT O O O O returanemoefpis [ [
Chicken | O O | schocipworkcaeen [ [ o - -
Turkey | O O | ?d:::'vvuv(er O O0--- S -
-
ol O O a O - I =
Tuna sangwich O O O O Falbwiy staticn O O
Salmon sandwich O O O O Airpert/plne O O-
il miemieesd Butfer O O-—-- 2 &
Prawn fether seafoed O O O O St
Joro, crapeharc] ther O Od
O a O O
Ohar g O O o O 6. Didyou eat any of she following foods away from home in the 7 DAYS befare vou became il
Cheese O [m} O O Yes Mo Wherm purchased/served
o O o 0 O Hamiburgers [bsef] .

Chicken burgers

IFOeher pAtase specfy
Chicken nuggets et

Veggle burgers

ooooo

Fish burgers
et of fish et

Hot dogs O gd
Neak kebabs O gd — N _— Inellan nestaurant O O
Chicken kbabss O d Ttalian restaurant M e [ e
Sasaget O gd Otherreimirant O O
Chips O O s E— Hotel O O . o
catt O O-..- - e
[prompe gy spncn, memorsars gr o]
9% D sy of these include any of the fallowing extras? i O O o
Yer  Na Yer N
Mzyennaise D D Dips D D ::I:::,na o o) I:I I:I
Grawy O d Cumy sauce O g Food stals s wm"‘g D
Lemuce o oo Kewchup o o Mctervay serice O O
Tomato O d chilli sauce O g preen 0O O . o
Clizac a o Sl i matwaystavondton [ ] [ -eee [
L o o Soinch o o P O O
ther s O O retherspenty Sthar O o ) o

Were the prodiscts hought from? [Can be mone than one]

Yes Name savces.pomessowes |
Coffee shep 98. Diel il #&T BNy $5Uces oF 8ips cONLANING Vo ghUrt in the 7 DAYS before yau beeame ill2
IPromps o Sewtcis, Cosmsevet [Prampes tonc i, s, Enins asuing e
Burger b w] w
hosmp o9 Wiarat, e sirg ared
Pizea parlour CrER gy I YES, please specify type (5]
g Gomines, sz Fogressare]
Febaby shop R Wi It from & restauranyhotel take away ve [
Pish & chip shep 1 YES please specty [can be more than el ... _ .

Prompt: nome and kacotion of restouson ke swop|
Fried ehicken bar
[momptsag WC, Tennases Fraa O

i

000 000 000 00 of

&, Did ou eBT 50y SHUCES of dipE contain ing cream in the 7 DAYS before you became 12
{Prermpe: pon i e, chesar e

vea [ me [J

1 YES, plewee spenify type (5] ...

Bakers shop

Sandwich bar

Delicatessan or Farm shop

[rotin oaupremer,

British mestarant
W it from & restauranthoteltake sway Yes D
Chinese ressurant

11 YES please specify [ran be mere than onels... o ...
[Pevangp s nanree v kacobon of resbovesn b s

OO0 ooosooon

Greek restaurant

85



10K

Dol wou eak any other sauces, mckdes or dips inthe 7 DAYS before you becane (17
[Premper inciasing s in Rmnstiich, BTy S RSB, ) B SRS, s, TR LTS, uny s, THAG feh L,
piccaily, iniian pckiey, humews, Ky, rurTy KaiCE, Chl ELe e

ves[] we [

IFVES, pleats ipecify type (s)
[ompt: poon awaung, guitomae, husrus, B0 e ond D

Wit it sy from the home ves [

1F YES please spectfy [0 De MONe AN BRI o st o st s s o
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Appendix 5: Technical description of Bayesian modelling
Methodology

In a standard 2 by 2 table where the exposure status (Yes/No) of cases and controls is
classified the odds ratio measures the strength of the association between exposure and
being a case. In a Bayesian analysis the same odds ratio is used but, in addition, prior
information on the prevalence of the exposure among cases and controls is included. This
prior information is expressed as a probability distribution and represents belief and
judgement but can also be based upon data from previous studies. Within a Bayesian
analysis the data — the 2 by 2 table — modifies the prior information to produce a posterior
distribution for the odds ratio. Often this distribution is skew and so the median is used as a
measure of location and the range of 95% of the distribution, known as the credible interval,
gives the precision of the odds ratio. If this is wide then there is little information in the data.

Prior distributions can be non-informative — especially flat — meaning that we have no prior
idea of the exposure prevalence in cases and controls. This would be represented by a
uniform distribution between 0 and 1. Prior information can be informative and this would be
represented by a distribution which has single peak but with variation. The stronger the prior
belief the smaller the variability.

We used two types of prior information. One was the flat prior which is non informative. The
other was based upon estimates from some of the restaurants involved who estimated either
from order records or experience that about 5 to 10% of diners order the cheese board. For
the general population the percentage eating blue cheese is likely to be lower and we use
priors centred upon 1% of the population. A second prior was centred on 3.5% of the
population eating blue cheese within the last 7 days based upon data the National Diet and
Nutrition survey (Table 4). Sensitivity analysis to the location and shape of the prior
information was carried out.

The advantages of the Bayesian method are that it can easily cope with situations where
there are small samples and some of the cells in the 2 by 2 table are zero. In this case much
of the posterior information is based on the prior information. It can also be used when there
is no control information and there is only exposure data on cases. In this case all the
information on exposure among non-cases is based solely on the prior information.

There are advantages to the Bayesian approach but there are also disadvantages. In small
samples, particularly, the influence of the prior is great and changes to the prior will follow
through to the conclusions from the posterior distribution. Over confidence in the prior will
lead to over certainty in the posterior and vice versa.

The Bayesian modelling was conducted twice during the early stages of the investigation
before all the cases were identified and at the end once information was available for all 26
cases.

Technical description of results

The final Bayesian modelling carried out for the blue cheese consumption eaten outside the
home, based upon 17 out of 26 current outbreak cases and 0 out of 21 cases from previous
investigations exposed, the median odds ratio from the posterior distribution is 59 (95%

credible interval 8, 1721) using flat uniform priors for the probability of being exposed to blue
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cheese away from home in both cases and prior cases. Using a more informative prior for
the exposure among non-cases of only 10%, ranging from 0% to 40%, gives an odds ratio of
78 (95% Crl 11,2552).

If we ignore the cases from the previous outbreaks and use a prior distribution centred on
1%, ranging from 0-4% for the exposure among non-cases gives a median posterior odds
ratio of 270 (95% Crl 39, 7729) and with a prior centred on 1% ranging from 0% to 10% the
median posterior odds ratio is 196 (95% Crl 14, 93814). With the updated prior centred on
3.5% and ranging from 0% to 8% the median posterior odds ratio was 78 (95% Crl 16, 264)
and with a more dispersed prior ranging from 0 to 16% the median posterior odds ratio was
50 (95% Crl 8,940).

This analysis can be repeated (1) by excluding the two secondary cases, who are both
linked to the childcare cluster, (2) excluding all five childcare cluster associated cases and
also (3) using the adults only cases in which case the five childcare cluster and one other
case are excluded. All that will happen, relative to the all case analysis is that the median
odds ratio will get larger, the lower limits will get a little higher and the widths of the credible
intervals will increase as the sample sizes are smaller.

These results show the great uncertainty given by the width of the credible interval (the
Bayesian equivalent of a confidence interval). Notwithstanding for all reasonable priors the
lower limit of the credible interval is well above 1. Furthermore it would be necessary to
make a prior assumption that about 30-40% of non-current cases are exposed before the
lower limit of the 95% credible interval approaches 1.
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Appendix 6: Further testing of ECL cheese after IMT stood down

SLC submitted to ESS 245 samples (5 samples per batch of cheese) from a range of
batches of Lanark Blue and Corra Linn in January and February 2017. A range of potentially
pathogenic stx negative E. coli 0157 and stx positive E. coli non 0157 were detected in
seven batches of Corra Linn (a ewes’ milk cheese)

Corra Linn Batch E. coli identification
B17A E. coli 0153-0178:H7 stx1c positive ST278
E23A E. coli unidentifiable:H14 stx2b positive ST7010
| F27A | E. coli 08:H9 stx2e positive ST23
G7A E. coli 0157:H42 stx negative ST7077
| G20A | E. coli O157:H42 stx negative ST7077
G25A E. coli O157:H42 stx negative ST7077
| HIA | E. coli 0157:H42 stx negative ST7077

E. coli 0157:H42 stx negative ST7077 had previously been detected in Lanark White
batches G14, H3 and H24. WSG results showed these isolates from Lanark White and
Corra Linn had the same SNP addresses.
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