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Abbreviations and Glossary

Abbreviations

ACC - Aerobic Colony Count

ADMG 1 Association of Deer Management Groups

AGHE - Approved Game Handling Establishment

BASC - British Association for Shooting and Conservation
BDS i British Deer Society

CFU T Colony Forming Unit

Cli Confidence Interval

DCS - Deer Commission for Scotland

DMG 1 Deer Management Group

EU T European Union

HACCP - Hazard Analysis and Critical Control Point

HUS i Haemolytic Uraemic Syndrome

FES 1 Forest Enterprise Scotland (now Forestry and Land Scotland)
FLS i Forestry and Land Scotland (formerly Forest Enterprise Scotland)
FSAT Food Standards Agency

FSSi Food Standards Scotland

LDNS - Lowland Deer Network Scotland

PCR i Polymerase Chain Reaction

PHE i Public Health England

PT1 Phage Type

SERL T Scottish E. coli O157/STEC Reference Laboratory

SMAC 1 Sorbitol MacConkey Agar
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SNH - Scottish Natural Heritage

SGA - Scottish Gamekeepers Association

SQWV'i Scottish Quality Wild Venison

STEC - Shiga toxin-producing Escherichia coli

SVA'i Scottish Venison Association, formerly Scottish Venison Partnership

VDL - Venison Dealer License
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Glossary

Animal by-products - entire bodies or parts of animals, products of animal origin or
other products obtained from animals, which are not intended for human consumption

Approved game-handling establishment (AGHE) - any establishment approved by
the Food Standards Agency (in England, Wales or Northern Ireland) or Food Standards
Scotland in which game and game meat obtained after hunting are prepared and health
marked for placing on the market in the UK

Audit - a systematic and independent examination to determine whether activities and

related results comply with planned arrangements and whether these arrangements are
implemented effectively and are suitable to achieve objectives

Brisket - a cut of meat from the breast or lower chest deer carcass. The brisket
muscles include the superficial and deep pectorals

Carcass dressing - removal of the hide (skin), the head, the legs below the elbows and
hocks, as well as removing most of the viscera

Carcass - the body of an animal after killing it for human consumption and dressing it

Closed season - the time of the year during which hunting an animal of a given species
is contrary to law

Contamination - the presence or introduction of a physical, chemical or biological
hazard (such as microbial faecal contamination, hair, bile, soil, grass, leaves or
excessive dried blood)

Deer stalking - the stealthy pursuit of deer on foot with intention of killing the deer for
meat, for sport, or to control the numbers

Establishment - any unit of a food business

Final consumer - the ultimate consumer of a foodstuff who will not use the food as part
of any food business operation or activity

Food business - any undertaking, whether for profit or not and whether public or

private, carrying out any of the activities related to any stage of production, processing
and distribution of food

Food business operator (FBO) - the natural or legal persons responsible for ensuring
that the requirements of food law are met within the food business under their control

Food hygiene included in this document as "hygiene", - the measures and conditions
necessary to control hazards and to ensure fithess for human consumption of a
foodstuff taking into account its intended use

Fresh meat - meat that has not undergone any preserving process other than chilling
Gralloching - the process of removing abdominal and pelvic viscera of hunted wild deer

Hazard - a biological, chemical or physical agent in, or condition of, food or feed with
the potential to cause an adverse health effect



Abbreviations and glossary

Hock - the joint in a quadruped's hind leg between the knee and the fetlock (ankle), the
angle of which points backwards

Inspection - the examination of establishments, of animals and food, and the
processing thereof, of food businesses and their management and production systems,
including documents, finished product testing and feeding practices, and of the origin
and destination of production inputs and outputs, in order to verify compliance with the
legal requirements in all cases

Larder - a storage facility where deer (primary products) are prepared (by cutting parts
of the body such as feet, the head), kept stored and possibly processed into venison or
otherwise transported for further cutting into game meat

Lowland deeri deer managed in non-upland areas of more fragmented land
ownership and use

Meat preparations - fresh meat, including meat that has been reduced to fragments,
which has had foodstuffs, seasonings or additives added to it or which has undergone
processes insufficient to modify the internal muscle fibre structure of the meat and thus
to eliminate the characteristics of fresh meat. Examples include meatballs, seasoned
meat, raw sausages, and burgers

Meat products - processed products resulting from the processing of meat or from the
further processing of such processed products, so that the cut surface shows that the
product no longer has the characteristics of fresh meat. Examples include: smoked,
cured, dried products that may still require cooking

Minced meat - boned meat that has been minced and contains less than 1% salt
(Aground meato in the USA).

Placing on the market - the holding of food for the purpose of sale, including offering
for sale or any other form of transfer, whether free of charge or not, and the sale,
distribution, and other forms of transfer themselves

Primary product - refers to a deer carcass which may have had the head, feet and
viscera removed but which is still in the hide

Primary production - hunting and harvesting of deer for human consumption
Red pluck or pluck - the heart, lungs, trachea and liver.

Retail - the handling and/or processing of food and its storage at the point of sale or
delivery to the final consumer, and includes distribution terminals, catering operations,
factory canteens, institutional catering, restaurants and other similar food service
operations, shops, supermarket distribution centres and wholesale outlets.

Risk - a function of the probability of an adverse health effect and the severity of that
effect, consequential to a hazard

Rodding - the procedure of sealing the oesophagus either by tying a knot or by
constricting it with a plastic/metallic ring

Sticking - the operation of slitting the neck or penetrating the chest with a sharp knife
with the purpose of bleeding the animals
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Traceability - the ability to trace and follow a food, food-producing animal or substance
intended to be or expected to be incorporated into a food through all stages of
production, processing and distribution

Trained Person or Trained Hunter i An individual who hunts wild game with a view to
placing it on the market for human consumption with sufficient knowledge of the
pathology of wild game, and of the production and handling of wild game and wild game
meat after hunting, to undertake an initial examination of wild game on the spot

Upland deer i deer managed on predominantly upland areas which have large
management units that are well suited to collaborative deer management, mainly of red
deer

Venison - meat resulted from a deer carcass after the hide has been removed. In the
UK, the deer species used for venison production are mainly red deer followed by roe,
sika and fallow deer. Limited amounts of venison is also produced from muntjac deer.

Viscera - the organs of the thoracic, abdominal and pelvic cavities

Wild Deer Best Practice Guides-gui des devel oped within
provide information on wild deer management?.

Wrapping - the placing of a foodstuff in a wrapper or container in direct contact with the
foodstuff concerned, and the wrapper or container itself

Zoonosis - any disease or infection that is naturally transmissible between vertebrate
animals and humans

1 http://www. bestpracticequides.org. uk/
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Executive Summary

Background

Shiga toxin-producing Escherichia coli (STEC) bacteria are important human
pathogens. They cause gastro-intestinal disease in humans through the production of
Shiga toxins (Stx), which cause haemorrhagic colitis, and, in severe cases, potentially
life-threatening haemolytic uremic syndrome (HUS).

Cattle are thought to be the major reservoir of STEC, although other ruminants can also
act as reservoirs of infection. Transmission to humans occurs as a result of contact with
ruminant faecal material containing STEC, for example by handling animals, through
exposure to contaminated soil or vegetation, or from contaminated water or food. Milk
and dairy products can be contaminated during milking, and meat during the slaughter
process.

The STEC serogroup responsible for most human cases in the UK is O157; however
other serogroups can also cause disease. Most research to date has focused on
understanding the prevalence of these bacteria within cattle populations. There is
limited information on the prevalence of STEC in other ruminants, and how they
contribute to infections in humans.

In 2015 a severe outbreak of STEC O157 occurred in Scotland involving twelve human
cases. The outbreak was linked to consumption of venison products supplied to retailers
by a single approved game handling establishment (AGHE). It was concluded that the
most likely source of the infection was from a heavily-contaminated deer carcass or
carcasses. The investigation highlighted a number of knowledge gaps about the risk of
STEC infection from venison, including a lack of information about:

(i) The prevalence of STEC serotypes in Scottish deer.

(ii1) Whether deer, | i ke -schaetdid eer,s 6c a(ni madcitv
high numbers of STEC in their faeces).

(iif) Which stages of processing present the greatest risk of cross-contamination.

To address these knowledge gaps, this project was commissioned by the
Scottish Government and Food Standards Scotland to better understand the risk
of STEC contamination of wild venison. The work involved three objectives:

Objective 1: To map the venison industry in Scotland: A detailed report on the

structure of the deer industry was generated, and the steps involved in venison
production from the hill to the end product described.

Objective 2: A field survey to assess STEC prevalence in wild deerin Scotland: A
study was performed on deer entering the human food chain to estimate the prevalence
of STEC 0157, and levels present in positive samples. A preliminary survey of non-
0157 STEC was also conducted.

Objective 3: A review of cross-contamination risks in the slaughter and
processing stages of wild deer from the field to the larder: A systematic review of
existing literature relating to cross-contamination of venison was conducted and a field
study of contamination during production undertaken.

i adsu a9 Ts
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Results
Mapping of the venison industry in Scotland

Scotland produces an estimated 3,000 i 3,500 tonnes of venison per annum, of which
around 90 tonnes (~2.5%) comes from farmed deer and ~98% from the cull of wild deer
(all species). A proportion of the cull is not reported, so in fact actual output may be
closer to ~3,800 tonnes. For comparison; beef and lamb production in Scotland is
around 170,000 and 60,000 tonnes, respectively.

Approximately one third of UK-produced venison is exported to Europe. Approximately
1,000 tonnes of venison consumed in the UK is imported, mainly farmed deer from New
Zeal and, which accounts for around one
However, this figure has declined as New Zealand has prioritised other global markets
for venison.

UK venison consumption has increased over the last 10 years but is now steady and
restricted by available product, wild and farmed, UK produced and imported. To meet
market demand, venison imports remain important in the medium term. Deer farming is
being actively promoted [BgyondtheGleS stratégy2iwbkidn
aims to increase farmed venison production 8-fold by 2030 to 850 tonnes per annum.

The impact of changes in venison imports on zoonotic disease risk is unclear as there is
a lack of information on the relative prevalence of zoonotic diseases in Scottish vs.
imported venison. The exception is Mycobacterium bovis which is present in New
Zealand (the main source of imported venison) but not Scotland.

Wild deer in the uplands are managed by voluntary Deer Management Groups (DMGS),
which exist across most of Sc dorésmynidénd u
Scotland. A less structured approach to deer management exists in the low ground.

Wild venison production involves Kkilling in the field by a free bullet. Once shot, deer are
bled out on the hill, stomach and intestines removed (gralloching), and the carcass
transported to a larder. Here the sternum is split to enable there mov al of t
(lungs, heart and liver) and the head and feet. The carcass is then refrigerated at the
larder until it is transported to the AGHE, where final processing and packaging is
performed.

A voluntary Quality Assurance (QA) scheme exists for wild venison production which is
underpinned by Best Practice Guidance. The scheme s delivered by Scottish Quality
Wild Venison (SQWV). It is estimated that around 75% of wild venison from Scotland is
produced under the SQWYV QA scheme, and this is rising.

While legislation is in place for larger scale wild venison production and farmed venison
production, exemptions from the regulations exist for small scale operators or those
supplying venison for private consumption. There is a lack of understanding of what
proportion of wild venison consumed originates from small scale operators, particularly
as returns from venison dealers are not actively requested.

g

P

h

2 https://scotlandfoodanddrink.blob.core.windows. net/media/1555/venison-strategy-brochure.pdf
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Traceability of wild venison could be improved through increased uptake of quality
assurance schemes, and a better understanding of the volume of wild venison produced
under exemptions to the legislation. However, the lack of official traceability of deer

carcasses from small scale operators is mitigated by the short supply chains for these
carcasses.

Prevalence and characterisation of STEC in wild Scottish deer

A prevalence study was conducted on wild Scottish deer between July 2017 and June
2018. Samples represented all four wild deer species in Scotland (Red, Roe, Sika and
Fallow deer) from all regions of Scotland. Out of a total of 1087 faecal samples
analysed, three were positive for STEC O157. The mean estimated prevalence of STEC
0157 in wild Scottish deer was 0.34% (95% Confidence Intervals = 0.02 i 6.30). Faecal
samples from the three positive deer contained high levels of STEC 0157 (>104 CFU/g
faeces).

STEC 0157 strains isolated from the deer faecal samples were sequenced to allow
comparisons with STEC 0157 strains isolated from UK human STEC cases, in order to
estimate their human pathogenic potential. Deer STEC O157 strains were also
compared with strains isolated from UK cattle populations to determine if they are likely
to circulate between cattle and deer populations.

All three deer STEC 0157 strains contained the gene encoding Stx subtype 2a (stx2a)
and were positive for the virulence factor eae. Two of the deer STEC 0157 strains, both
isolated from Red deer, were phage-type (PT) 21/28. The third isolate was a PT8 strain
from a Sika deer. While both phage types have been associated with human disease,
PT21/28 is associated with more severe disease, as is the presence of both stx2a and
eae in the same strain. This suggests the three deer strains identified have human
pathogenic potential.

Whole genome sequence comparisons of the strains identified allowed comparisons
with cattle strains and other human outbreak strains, including the strain involved in the
2015 venison outbreak. This demonstrated a close relationship between the deer
strains, and human and cattle STEC 0157 isolates, with one of the PT21/28 STEC
0157 deer strains being closely related to the 2015 venison outbreak strain. This
provides further evidence that the deer strains identified during this study are
pathogenic to humans, and that STEC O157 in deer may be circulating between deer
and cattle populations.

To investigate the prevalence of non-O157 STEC, faecal samples were screened for
the presence of genes encoding Stx type 1 (stx1) or Stx type 2 (stx2). A high proportion
of faecal samples (~70%) had detectable stx1 and/or stx2 genes, of which ~25% were
also positive for eae. There was no obvious association between positive samples and
deer species or sampling location. Isolation of STEC strains from stx2+/eae+ samples
was performed on a subset of these samples. From a total of 74 samples tested, STEC
strains were isolated from a total of 60 faecal samples, with two STEC strains isolated
from 8 samples. These strains were all stx2 positive but eae negative, suggesting they
are less likely to cause more severe human disease.

14
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Overall, the results from the field sampling indicate that prevalence of STEC O157 in
wild Scottish deer is low. However, when found, the levels of bacteria in positive faecal
samples were high and of strain types associated with more severe human disease.
Furthermore, stx genes were found in a high proportion of deer faeces tested, with 68
non-O157 STEC strains isolated from a subset of the faecal samples representing a
diverse deer species and geographical range.

Risk factors associated with E. coli contamination of wild deer carcasses

This work involved both a systematic review of the existing literature and a prospective
study to determine risk factors associated with E. coli contamination at different stages
of wild venison production from cull to the final venison product.

(i) Systematic literature review

From the literature review the following risk factors were identified:

A  The health status of t h eotentaly pasihg greater risk
of STEC 0157 contamination (although unhealthy animals should not enter the food
chain).

A Hygiene practices in the field from tHh
the larder or AGHE, as poor hygiene practices will allow bacteria such as E. coli to
transfer onto the carcass from faecal or environmental contamination.

A Maintenance of the cold chain from | ar
temperatures below 7°C would help to limit growth of bacteria on the carcass.

A Handling and hinpwlee im&rthgr skmring, cuitingeand processing
of the venison.

This literature review identified a number of limitations including the lack of studies on
both O157 and non-O157 STEC in deer, including the lack of prevalence data in deer
faeces, hides and carcass and a lack of studies identifying risk factors associated with
STEC contamination at various stages of wild game meat production along the food
chain. Information on the survivability characteristics of STEC serotypes of deer origin

on surfaces, hands and equipment was also lacking.

i) Field study on E. coli contamination from different stages of wild venison production

The field study involved sampling of wild deer carcasses at all stages of production,
from hill to end-product, to identify the risk factors associated with microbiological
condition of wild deer carcasses. Both numbers of coliforms (bacteria present at high
levels in the intestinal tracts of mammals and used as an indicator of faecal
contamination) and E. coli, (a specific coliform species) were measured on the hide and
internal cavity prior to skinning, and on the carcass surface after skinning.

Phase | of this study involved collection of samples from 14 carcases at the point of cull
and subsequently at the larder. Both coliform and E. coli counts were much lower
compared to those found previously at AGHEs. Counts collected from the carcass at the
point of cull were slightly lower than those collected at the larder two to four hours later
but were all significantly lower than the acceptable limits for similar groups of bacteria

described for domestic ruminants. These results demonstrate that levels of bacterial

15
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contamination of carcasses of culled wild deer can be limited to a standard suitable for
human consumption if carcasses are processed appropriately.

In phase Il of this study, deer carcasses were sampled from six AGHEs across Scotland
including Red, Roe and Sika deer. Seven meat samples were also collected from four of
the AGHEs. Regardless of deer species, levels of both coliforms and E. coli were
highest in the internal cavities of carcasses and lowest on hides. Levels of bacteria were
lower in Roe deer compared to Red and Sika deer. Average levels of coliforms on
carcases were between 3.9-4.3 log higher than the acceptable limits for similar groups
of bacteria described for ruminant livestock (as defined in Regulation (EC) No.
2073/2005); however, E. coli levels on carcasses were within acceptable limits for all
deer species tested, although two of the seven meat samples tested had levels of E.
coli higher than limits set for domestic ruminant products.

A risk factor analysis was performed using the field study data from Red and Roe deer,
(the number of Sika deer tested not being adequate for robust analysis). This identified
the following risk factors associated with increased contamination of carcasses:

Risk factors associated with coliform contamination (Roe deer only)
A Time in storage 06 days
ALonger distance between cull location and AGHE

Risk factors associated with E. coli contamination (Red and Roe deer)

A War mer environment al temperatur es, abo
A Hi gh Visible é&écal contdmination (Roe and Red) or dirty skin (Red)

A Wet and s!| (Rogony ar casses

A Males (Roe only)

Conclusions

This report represents a comprehensive evaluation of the wild venison industry in
Scotland and provided an evidence base to assess the risk of human STEC infections
through consumption of wild venison.

It is concluded that the venison industry has the potential to grow with consumer
demand expected to increase year-on-year. However, it is restricted by available
product. Despite initiatives to increase deer farming, venison production from the wild
cull is likely to remain the important source of venison in the medium term. The industry
is well organised into Deer Management Groups and has produced Best Practice
Guides for wild venison production, which are followed by at least ~75% of wild venison
producers. There is a lack of traceability of deer carcasses from small scale operators
which are exempt from regulations, however in terms of investigating disease outbreaks
the lack of official traceability is mitigated by the short supply chains for these
carcasses.

STEC 0157 prevalence was found to be low in wild Scottish deer, with only 3 out if

1087 samples being positive for the bacteria. However, as the STEC O157 strains were
of a type associated with severe disease in humans, and were present in high levels in
deer faeces, it concluded that there is a real risk of future human STEC O157 infections

arising from consumption of venison contaminated with deer faeces. Furthermore, a
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Executive summary

number of non-O157 STEC strains were isolated from deer faeces, although the risk
they pose to humans is currently unclear.

Risk factors for contamination of venison carcasses with E. coli and coliforms included
visual contamination of the skin with faeces or dirt, wet and slimy carcasses,
environmental temperatures >7°C and increased distance between cull location and
AGHE. Minimal E. coli contamination of carcasses was demonstrated when good
hygiene practices on venison processing were observed. This information will be useful
for those involved in wild venison production and should be integrated into current Best
Practice guides. Strict hygiene precautions aimed at avoiding faecal contamination of
the carcass during processing are expected to minimise the risk of human STEC
infections from wild venison.
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Lay summary

Lay Summary

E. coli bacteria are very common in the environment, and many types of E. coli live in
the guts of mammals. Some types of E. coli cause disease, some are harmless and
some can even be beneficial. Shiga toxin-producing E. coli (STEC) are a particular type
that can cause human disease as a result of the Shiga toxins they produce during
infection. The most important type of STEC in the UK is O157, although a number of
other types of STEC can also cause disease in humans.

Cattle are thought to be the main source of STEC infection for humans, although other
animals including deer and sheep can also shed the bacteria in their faeces. The
bacteria do not cause disease within these species themselves.

In 2015 an outbreak of human STEC infections occurred which was linked to
consumption of venison, most likely from a wild deer. This prompted the Scottish
Government and Food Standards Scotland to commission a study to provide
information on the Scottish venison industry and the risk of further STEC infections
arising from consumption of Scottish wild venison.

The work in this project had three main objectives:
(i) To review the Scottish venison industry and venison consumption in Scotland.

(i) To estimate how common STEC 0157 and other STEC infections are in wild Scottish
deer.

(iii) To identify risk factors associated with contamination of deer carcasses with E. coli
and other gut bacteria.

The project found the following:

A Venison production is relatively smal/l
consumption is increasing. Most deer in Scotland is produced from wild deer which are
culled in the field and processed in approved game handling establishments. Some are
processed locally by retailers (hotels, butchers) or eaten at home.

A The wonlindlustw ésrrgahised into deer management groups across Scotland,
and the industry has detailed Best Practice guides to ensure that wild venison is
produced in a hygienic manner and is safe to eat.

AL STEC 0157 is present I n3 out ef 1087 shreples testied d
being positive for it. However the types of STEC 0157 found were closely related to
those which cause severe human disease. A number of non-O157 STEC were also
present in deer faeces. This shows that the faeces of deer can contain bacteria which
are potentially dangerous to human health.

AThe risk of deer carcasses becoming contaminated with E. coli was increased if: the
carcasses were stored for longer before being processed to venison, the distance from
the site where the deer was killed to the place it was being processed increased, the
carcasses were wet and slimy or obviously dirty or contaminated with faeces, or if the
temperature was higher.
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Lay summary

A The conclusions of the stpesentatverglonldvalst ,| whi
in wild deer, contamination of venison carcasses with potentially dangerous STEC 0157
Is possible. The risk factors for carcass contamination identified in this study should be
taken into account when producing venison for human consumption.
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Recommendations and future work

Recommendations and future work

From the results of this project a number of recommendations can be made:

(i) There is a lack of understanding of what proportion of wild venison consumed in the
UK originates from small scale operators exempt from current regulations. Proactive
requests for venison returns from venison dealers would improve knowledge of the
volume of wild venison being sold and consumed through small scale operators, which
would improve traceability of venison products. Better uptake of the voluntary Quality
Assurance scheme for wild venison production would also improve carcass traceability.

(if) Due to increasing demand for venison, itis likely that imports of venison into the UK
will increase. Better knowledge of zoonotic pathogens carried in imported venison,
together with knowledge of existing zoonotic pathogens other than STEC in UK venison,
is required to understand the food safety implications of increasing venison importation.

(iii) Although the prevalence of STEC 0157 was low in wild Scottish deer, the bacteria
were present at high levels and were of strain types associated with more severe forms
of human disease. Therefore, adherence to strict hygiene practices from cull to final
product is strongly recommended.

(iv) Risk factors for E. coli contamination of wild deer carcasses (e.g. dirty hides,
faecally contaminated or wet and slimy carcasses, higher environmental temperatures,
and longer distances from cull sites to AGHE) should be relayed to those involved in
wild venison production and integrated and emphasised in Best Practice Guides. This
would allow those involved in venison production to consider how best to minimise the
risks of E. coli-contaminated venison entering the human food chain.

The following future research is also recommended to better understand the risk of
zoonotic disease posed by venison:

(i) Characterisation of non-O157 STEC strains isolated from deer in this study to
determine their human pathogenic potential.

(ii) A risk factor analysis to determine what factors are associated with the presence of
non-0157 STEC in deer. For example, is contact with other ruminants an important
factor in non-O157 STEC presence in deer?

(i) An investigation of STEC prevalence in farmed deer. The current project focussed
on wild deer; however, it is possible that STEC are better able to persistin deer
populations kept in more intensively farmed systems. This is particularly important given
the drive to increase the number of farmed deer in Scotland.

(iv) Studies to estimate the prevalence of zoonotic pathogens, including STEC, in
imported venison should be performed to better determine the food safety implications
of increased importation of venison.
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1. General introduction

1. General Introduction

Shiga toxin producing Escherichia coli (STEC) are important human pathogens of global
importance which cause gastro-intestinal disease in humans with potentially life-
threatening consequences. These bacteria cause human disease due to the production
of Shiga toxins (Stx) which cause haemorrhagic colitis and in severe cases potentially
life-threatening haemolytic uremic syndrome (HUS) (Melton-Celsa et al., 2012). It is
considered to have a low infectious dose in humans, with fewer than 10 to 100 colony
forming units (CFU) of STEC thought sufficient to cause infection (Hara-Kudo et al.
2011). Aimost 50% of cases in Scotland are in children under 16 years old, and 85% of
HUS cases occur in this age-group (VTEC/E. coli 0157 Action Plan for Scotland 2013-
20173).

Stx toxins have been classified into two major groups Stx1 and Stx2, with Stx2 toxins
further divided into subtypes Stx2a i g (Melton-Celsa et al., 2012; Scheutz et al., 2012).
Strains encoding subtype Stx2a were more likely to be associated with HUS, including
in clinical cases in the UK (Brandal et al., 2015; Buvens et al., 2012; Dallman et al.,
2015). Cattle are considered the major reservoir of STEC; however other ruminants
such as sheep, goats and deer can also act as reservoirs of infection (Beutin et al.,
1993; Caprioli et al., 2005; Rounds et al., 2012). Transmission to humans can occur as
a result of direct or indirect contact with STEC containing ruminant faecal material, for
example by handling animals, through exposure to soil or vegetation contaminated by
faeces, or from contaminated water or food. In the case of food of animal origin,
contamination can occur during milking (milk and dairy products) or during the slaughter
process (for meat and meat products).

The STEC serogroup responsible for most human cases in the UK and North America is
0157 (Majowicz et al., 2014); however other serogroups are a threat to human health
and there has been an increasing incidence of outbreaks associated with non-O157
STEC in recent years (Gould et al., 2013). In recognition of the growing importance of
non-0O157 STEC serotypes, six non-O157 serogroups (026, 045, 0103, 0111, 0121,
and O145) were classified as food adulterants in the USA as these serogroups were
historically the most important in terms of human infections (FSIS (2014) FSIS Notice
40-124). However, given the diversity of non-O157 STEC serogroups which can cause
human disease, a scheme has now been developed to assess the risk non-0157 STEC
isolates according to their virulence gene profile, rather than their serogroup?®).

As cattle are thought to be the major reservoir of STEC, mostresearch has focused on
understanding the prevalence of these bacteria within cattle populations, and how
STEC levels in cattle can be controlled by pre- and post-harvest interventions. In
Scotland, three large scale STEC O157 prevalence studies in cattle have been
performed (Pearce et al., 2009; Henry et al., 2017). From these studies, it is evident that

% http://www.gov.scot/Publications/2013/11/8897
* http://www.usda.gov/wps/portal/usda/usdahome
® http://www.fao.org/3/ca0032en/CA0032EN. pdf
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1. General introduction

approximately 20% of Scottish herds are positive for the organism, individual pat

prevalence in positive farms is between 5-10%, and that the majority of STEC 0157

shedding occursina r el atively small number of -individu
sheddersdé, that ¢ toby fohming imits lpex gram of fae¢es (CPU/Q))

of the organism and are responsible for around 80% of all animal-to-animal

transmissions (Chase-Topping et al., 2007; Matthews et al., 2006). However, we have

limited information on the prevalence of STEC in other ruminant species, and

what risk they pose to human health.

In autumn 2015 a severe outbreak of STEC O157 occurred in Scotland involving a total
of twelve human cases (Health Protection Scotland: National Outbreak of Escherichia
coli 0157 Phage Type 32 in Scotland®; Smith-Palmer et al., 2018). Five of the twelve
cases required hospitalisation, but went on to completely recover. The outbreak was
linked to consumption of venison products (steaks, grillsteaks, sausages and meatballs)
supplied to a number of retailers by a single approved game handling establishment
(AGHE). While the clinical outbreak strain, a Phage Type 32 (PT32), was not isolated
from these products, strong epidemiological evidence linked the clinical cases to
consumption of these venison products. Following extensive investigations, it was
concluded by the authorities and the company that the most likely source of the
contamination was from a wild deer carcass or carcasses heavily contaminated with
STEC 0157. Wild deer are shot and dressed (or gralloched) on the hill and there is
theoretically a greater risk of faecal contamination of wild deer carcasses compared to
farmed deer carcasses which are usually processed at abattoirs. Indeed, a previous
Food Standards Agency (FSA) project demonstrated that retail packs of wild venison
were more likely to be contaminated with E. coli than venison from farmed animals
(Richards et al., 2011).

As aresult of this outbreak, a number of actions were undertaken by the AGHE to
reduce the risk of STEC contamination of venison products, including deep cleaning of
the premises, reviewing Hazard Analysis and Critical Control Points (HACCP) plan and
procedures for processing large wild game, and increasing the frequency of
microbiological testing. However, investigation of this outbreak also highlighted a
number of knowledge gaps relating to the risk of STEC infection associated with
venison consumption outlined below:

(i) There is a lack of information relating to the prevalence of STEC 0157 and other
STEC serotypes in Scottish deer populations. In an unpublished study conducted in
2003 (Singh BK, University of Edinburgh), no STEC O157 was detected in a total of 784
faecal samples collected from mainly wild Scottish deer of a range of species including
Roe, Red and Sika deer. This low prevalence level is in line with similar studies
conducted in North America and Europe which estimated the prevalence of STEC 0157
in deer between 0 and 2.4% (Ferens et al., 2011). Non-O157 STEC appear to be more
prevalent in deer populations, although often lack key virulence genes associated with
human disease (Miko et al., 2009). Information on STEC prevalence in Scottish deer,
and whether these strains present a risk to human health, is urgently required to

® http://www.hps.scot.nhs.uk/resourcedocument.aspx?id=2987
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1. General introduction

quantify the overall potential risk of STEC contamination within the Scottish venison
production system.

(i) It is unknown whether deer, like cattle, can act as STEC super-shedders. Super-
shedding deer would theoretically have an increased risk of contaminating the carcases
of both the super-shedder itself and other carcases through cross-contamination during
carcass processing.

(iii) There is a lack of information on what stages of the venison processing chain (from
gralloching to processing) represent the greatest risk of cross-contamination. Such
knowledge would allow targeted interventions and training to reduce the risk of carcass
contamination with STEC.

Study Objectives

To address these knowledge gaps, work was commissioned by the Scottish
Government and Food Standards Scotland (CR/2016/26) to better understand the
risk of STEC contamination of wild Scottish venison. The work involved three
inter-related objectives to (i) map the venison industry in Scotland; (ii) determine
the prevalence of STEC in Scottish wild deer and (iii) review cross-contamination
risks in the slaughter and processing stages of wild deer from the field to the
larder.
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2. Objective 1: Mapping the venison industry in Scotland

2. Objective 1: Mapping the venison industry in Scotland

Summary

The aim of this objective was to provide a detailed overview of the structure of the
Scottish deer industry between 2017 and 2019, including the role of imports and
exports, the main legislation relating to venison production, and the steps involved in
venison production from the hill to the end product. The main findings are summarised
below:

A Scotl and pr odu@@-s3508 tonnes sftvanisoa forecdnsudnption per
annum, of which around 90 tonnes (~2.5%) comes from farmed deer and ~98% from
the cull of wild deer (all species). A proportion of the cull is not reported so the output
may be closer to ~3800 tonnes. For comparison, beef and lamb production in Scotland
Is around 170,000 and 60,000 tonnes, respectively.

Anpproximately one third of UK produced venison (mainly from the cull) is exported to
Europe.

Aln 2017 approximately 800 tonnes of venison consumed in the UK was imported,
mainly from farmed deer from New Zealand, which accounts for around one quarter of
the UKOsS veni son c othmssigura pas deglined in B1i8vand 2019,

AUK venison consumption has increased over the last 10 years but is now steady and
determined by available product.

A To memtket dethdnd; venison imports remain important in the medium term.
Deer farming is being actively promoted throught he Sc ot t i s h Begand the
Glen strategy which aims to increase farmed venison production ~9-fold by 2030 to 850
tonnes per annum.

A The i mpact of c hesogzosnotic diseageerisk issunctear asrhpre
Is a lack of information on the relative prevalence of zoonotic diseases in Scottish vs.
imported venison. The exception is Mycobacterium bovis which is present in New
Zealand (the main source of imported venison) but not Scotland.

A Wi | dh thd eplands are managed by voluntary Deer Management Groups

( DMGs ) , whi ch exi st agpladeer ranges, nd byfFor&c o t |
Enterprise (now Forestry and Land Scotland). A less structured approach to deer
management exists in low ground areas.

ADetailed requirements are set out in law for larger scale wild venison production and
farmed venison production. However, certain exemptions from these requirements exist
for operators involved in, for example, the direct supply of small quantities of game to
either the local market or direct to final consumers. In addition, food law excludes from
its scope in full those hunters preparing game for private domestic use.

A There is a | ack opropantiondoéwildverssondconsugnedinfthe w H

nment 0

andos

at

UK originates from those operating under specific exemptions in law, particularly as
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2. Objective 1: Mapping the venison industry in Scotland

returns from venison dealers are not actively requested by Scottish Natural Heritage
(SNH).

AA voluntary Quality Assurance (QA) scheme exists for wild venison production which is
underpinned by Best Practice Guidance. The scheme s delivered by Scottish Quality
Wild Venison (SQWV). It is estimated that around 75% of wild venison from Scotland is
produced under the SQWYV QA scheme, and this is rising.

A Traceability of wild venison could be
assurance schemes, and a better understanding of the volume of wild venison produced
under exemptions to the legislation.

2.1. Structure of the venison industry in Scotland
This section was compiled from published reports and cull data provided by SNH.

2.1.1. Origin of venison consumed in Scotland

UK production

Scotland produces an estimated 3000-3500 tonnes of venison per annum, of which
around 90 tonnes (~2.5%) currently comes from farmed deer. These estimates are
based on cull returns (annual number of deer culled) collated by Scottish Natural
Heritage (SNH, Figure 2.1) multiplied by the average carcass weights of each species
(Appendix 1). Of the deer culled in Scotland, just under a third are culled by Forestry
and Land Scotland, who cull ~20%, 40%, 50% and 20% of the total Red, Roe, Sika and
Fallow deer culled each year, respectively (Appendix 2). Most (~90%) of deer are culled
in season (Appendix 3). The majority (~80%) of out of season culling is by Forestry and
Land Scotland (FLS, formerly Forest Enterprise) for deer management purposes, with
carcasses processed for human consumption. Hunting seasons for each deer species
are shown in Appendix 4.
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2. Objective 1: Mapping the venison industry in Scotland
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The amount of venison production from the cull has remained fairly consistent over the
last 15 years with most volume of production (~80%) originating from Red deer. There
has been a slight upward trend in production over the last five years (Figure 2.2).
Despite this, volume of UK venison production remains insufficient to meet market
demand due to seasonal variation in venison production. Consequently, venison imports
are sustaining a year-round UK market.

Deer farming (the practice of rearing deer in fenced areas for the purpose of venison
production), while still contributing only a small amount of the total venison consumed,
is increasing in the UK. Scottish deer farmers are now eligible for the Basic Payment

Scheme’, t he | argest of the European Unionbs r
farming industry. There has been a drive to encourage increased production of Scottish
farmed venison and reduce the UKO6s reliance

Scottish Government funded Deer Farm and Park Demonstration Project (2014-2015),
Beyond the Glen strategy for wild and farmed venison8 and the Venison Advisory
Service Ltd?, a consultancy established specifically to provide support and advice to
those considering setting up commercial deer farms. The Beyond the Glen strategy for
venison aims to increase production of farmed venison from 100 tonnes to 850 tonnes
per annum by 2030, by growing the annual number of deer slaughtered from 1,700 to
15,000 animals.

" https://www.gov.uk/government/collections/basic-payment-scheme
8 https://scotlandfoodanddrink blob.core.windows.net/media/1555/venison -strategy-brochure . pdf
® http://venisonadvisory.co.uk/
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Figure 2.2 Estimated venison production from the culls 2001-2016

Scottish venison production is significantly lower than that for beef and lamb: In 2016
Scotland produced around 170,000 and 60,000 tonnes per annum of beef and lamb,
respectively0.

Venison imports/exports

Around one third of the venison (800 -1000 tonnes) consumed in the UK is imported in
order to maintain a year-round supply not possible through the seasonal cull in
Scotland. The majority of imported venison comes from farmed deer in New Zealand,
with other imports from Poland, Ireland, Spain, Benelux and other European countries.
The Deer Industry New Zealand figures (to year-end September 2017) show the UK as
Ne w Ze a fifth lardedts/enison export market accounting for around 6% (770
tonnes) of its total venison exports. A breakdown of recent venison exports from New
Zealand is shown in Table 2.1 and shows a slight decline in total venison exports from
2015 to 2017. Approximately one third of venison produced in the UK is exported to
Europe, which consists of mainly Roe deer venison and late season Red deer from the
cull. Scottish wild venison is sold predominantly in the UK11,

Table 2.1 Venison exports from New Zealand i source Deer Industry New Zealand
(deernz.org)

New Zealand Venison exports 2015 2016 2017
Total venison exports (tonnes) 14,869 12,911 11,939
Total exported to UK n/a n/a 770

% exported to UK n/a n/a 6.4%

n/a = data not available.

 https://www2.gov.scot/T opics/Statistics/Browse/Agricul ture-Fisheries/agritopics/alllive stock

" https://scotlandfoodanddrink.blob.core.windows.net/media/1555/venison -strategy-brochure . pdf
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2.1.2 Organisation of the venison industry in Scotland
Wild venison industry

Deer Management Groups

Wild deer are managed by Deer Management Groups (DMGs), which are voluntary and
exi st acr oss maptand deef rangec and by Ranedty and Land Scotland,
across the National Forest Estate. Organised deer management occurs in around 70%
of Scotl andds Managerdentdn Seatland: Repaetto the Scottish
Government 2016) despite deer being present throughout Scotland. The areas covered
by DMGs is shown in Figure 2.3.

Figure 2.3. Map of Deer
management groups in
Scotland.

Green = upland deer
management groups;
Orange = lowland areas
with partial cover by
lowland deer groups.
Source: ADMG website
http://Mmww.deer-
management.co.uk/
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Deer Management Groups usually meet at least twice per year. Membership comprises
land managers, including public sector land managers, farmers, private estates, non-
Government organisations, Forestry and Land Scotland, and private forestry/land
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management companies which own or manage land in the Group area. Representatives
from Scottish Natural Heritage (SNH) also attend these meetings. Almost all upland
DMGs have published their Deer Management Plans which are available via the ADMG
websitel?,

Wild venison quality assurance schemes

The quality assurance schemes for wild venison production and for processors are
delivered by Scottish Quality Wild Venison Ltd (SQWV)13. SQWV is an independent
company established to maintain, develop and promote quality assurance standards
throughout the wild venison industry (see section 2.3.4 for more details).

Best Practice Guides

Best Practice Guides underpin many aspects of the SQWYV guality assurance schemes.
Best Practice Guides are produced in partnership with a steering group comprising of
SNH, ADMG, British Association for Shooting and Conservation (BASC), British Deer
Society (BDS), Scottish Forestry, LANTRA (the National Training Organisation for the
Land Based Industries), and the Scottish Gamekeepers Association (SGA)14. These
guides cover all stages of wild venison production from cull to processing within larders
(see section 2.3.4 for more details).

Deer farming industry

As at 2018 there were 97 registered deer farms in Scotland farming only red deer.

Farmed deer are usually killed at less than 27 months of age (Scottish Venison!®). This

is in contrast to wild deer which are culled at different ages from <1 year old through to

adul t (O 2 years ol d) (based on andhand mean wei g
Scotland for each season from 2007-08 to 2015-16).

Approved Game Handling Establishments (AGHES)

AGHESs process carcasses from both wild and farmed deer, with the exception of wild
venison produced by small scale wild game processors which are exempt from the
specific requirements relating to wild venison set out in food hygiene regulations (see
section 2.3.2). As of November 2019, there are 11 AGHES in Scotland which can
process deer carcassess.

Scottish Venison Association

The Scottish Venison Association (SVA)L7, formerly the Scottish Venison Partnership, is
a pan-sector group that promotes wild and farmed Scottish venison and represents its
producers. SVA is a not-for-profit organisation currently funded by a levy paid by
producers of wild venison from all deer species processed through two SQWYV assured

2 http://www.deer-management.co.uk/dmgs

B http://www.sqwv.co.uk/

" http://www.bestpracticeguides.org.uk/

" http://www.scottish-venison.info/index.php?page=Deer-farming-in-Scotland

' http://www.foodstandards.gov.scot/ publications-and-research/approved-premises-register, Appendix 5
' http://scottish-venison.info/
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game dealers/processors. SVA also receives an annual grant from Forestry and Land
Scotland.

In addition to promoting Scottish venison as a product, the SVA is involved in promoting
Best Practice for wild venison production, through training events and educational
videos and other projects such as the application for Protected Geographical Indication
(PGI) status for Scottish Wild Venison1é,

2.2. Recent trends in UK venison consumption

UK consumption of venison could rise from ~3800 to more than 5000 tonnes by 2021,
based on SVA estimates of around a 10% increase year on year from 2017-2019.
However, the UK market is reliant on imports, especially from New Zealand, and
volumes of imports have been contracting over the past two years. Market analyst
Mintel reported an increase in UK game meat sales from £98 to £106 million from 2015
to 2016, with game meat sales forecast to hit £143 million by 2020.Sai ns bur yd6s has
reported an increase of 115% in venison sales from 2014 to 20161°. While there is a
lack of primary data, it appears that venison consumption would increase in the short to
medium term subject to available product, albeit this may stall if there is a reduction in
imported volume. The effect of Exit from the EU on the UK venison export market may
also be a factor with regard to future growth.

2.3. Wild venison production in Scotland from cull to end
product

2.3.1 Legislation relating to the wild venison industry in Scotland

Food safety legislation relating to the production of wild venison in Scotland is
summarised below.

1 Regulation (EC) No. 178/2002 i laying down the general principles and
requirements of food law, establishing the European Food Safety Authority and
laying down procedures in matters of food safety, including establishing
traceability of food producing animals.

Regulation (EC) No. 852/2004 i the hygiene of foodstuffs.

Regulation (EC) No. 853/2004 i specific hygiene rules for food of animal origin.
Regulation (EC) No. 2017/625 1 specific rules for the organisation of official
controls on products of animal origin intended for human consumption.

= =4 -9

The hygiene regulations are implemented in Scotland by the Food Hygiene (Scotland)
Regulation 2006 (SSI 2006/3) (as amended).

8 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _data/file/775607/pfn -scottish-wild-

venison-spec.pdf
¥ https://meatmanagement.com/meat-industry-enjoys-a-successful -festive-season/
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These regulations apply to any hunter, estate, middleman, or transporters supplying

venison to an AGHE. These operators must do the following:

1 Register the business with the Environmental Health department of their Local

Authority.

Comply with traceability requirements of Regulation (EC) No. 178/2002.

Exercise appropriate temperature control, hygienic transport and preparation, in

line with Regulation (EC) No. 852/2004.

1 Ensure the game is examined by a trained person who completes a hunter
declaration form (Appendix 6). This declaration provides details of the type of
deer culled, the cull location, and a declaration in accordance with Regulation
(EC) No. 853/2004 that no abnormal behaviour was observed before killing, and
that the carcass exhibited no gross abnormalities or evidence of environmental
contamination.

1
1

2.3.2 Exemptions in hygiene regulations

Importantly, a number of exemptions to certain elements of the regulations exist for
small scale wild game operators, such that game carcasses or venison produced from
the cull may not pass through AGHEs. These exempt categories of operations are
required in EU regulation instead to be covered by national law to ensure that public
health is protected.

There are a number of exemptions from the more detailed requirements set out in
regulation 853/2004 and these include exemptions for:

(a) Primary production for private domestic use (and domestic preparation for private
consumption)

(b) The direct supply by hunters who supply small quantities of b(i) wild game, or b(ii)

wild game meat directly to the final consumer or to local retail establishments directly
supplying the final consumer . Definitions of
the FSS/FSA Wild Game guide (revision 2018)20,

For exemption (a) the food hygiene regulations do not apply. For exemption b(i),
producers are not subject to the requirements of the EU Food Hygiene Regulations and
are therefore not required to follow a HACCP plan. For exemption b(ii) (hunters
supplying wild game meat), whilst exempt from regulation 853/2004 the full
requirements of regulation 852/2004 apply, including HACCP requirement. All retailers
are required to comply with traceability requirements of Regulation (EC) No. 178/2002.
Only retailers in exemption b(ii) are required to register with the Environmental Health
department of their Local Authority and have a HACCP plan in place, exercise
temperature control, hygienic transport and preparation, in line with Regulation (EC) No.
852/2004.

? https.//www.foodstandards.gov.scot/downloads’The Wild_Game Guide 1.pdf
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In order for retailers to be eligible for exemptions, venison sold has to be local, the

guantities of venison needtobe 6 s mal | Dhe definitions of Osmal/l
are set out in FSS guidance?l. However it should be noted that anyone placing any food

on the market must ensure that it is safe in accordance with the requirements set out in

the Food Safety Act 199022,

As a result of these exemptions, knowledge of wild venison production and
traceability of venison carcasses will be incomplete.

2.3.3 Current recording of the wild venison cull and sales
Statutory annual cull returns

All landowners and occupiers asked to do so must provide information about all of the
deer they have shot that year to Scottish Natural Heritage (SNH) under the Deer
(Scotland) Act 199623. The annual cull return should record for each individual
landholding the number and sex of each species of deer culled from 1 April to 31 March.

Venison dealer returns

To sell venison, you must be registered as a venison dealer and hold a venison dealer
licence (VDL) from your local authority?4. Only wholesalers are required to be licensed;
there is no need for every butcher and retailer selling venison in Scotland to be licensed
so long as the venison on sale has been purchased from a licensed dealer so that at
least one component of the food chain holds a VDL.

Registered venison dealers should submit venison dealer returns to SNH for all
purchases and sales of venison made during the year from 1 April to 31 March,
although currently there is no statutory requirement to send in these records.

Records of transactions involving venison must contain:
1 when the venison was bought or received
1 name and address of the person who supplied the venison
1 number of carcases, their sex and if possible deer species

Dealers are required to:
1 Keep records of each transaction and any relevant documents (e.g. receipts,
invoices) for 3 years
1 present records for inspection by SNH, a police officer or anyone authorised in
writing by the council on request
9 allow SNH or a police officer to make copies of your records

? https://www.foodstandards.gov.scot/downloads’The Wild_Game Guide 1.pdf
2 http://www.legislation.gov.uk/ukpga/1990/16/contents?view=plain

% http://www.legislation.gov.uk/ukpga/1996/58/section/15

# https.//www.gov.uk/venison-dealer-licence-scotland
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Prior to 2010, the Deer Commission for Scotland (DCS) actively requested annual
returns from venison dealers. However, in August 2010 the functions of the DCS were
transferred to SNH under section 1 of the Public Services (Reform) (Scotland) Act 2010
and the Commission was dissolved. SNH does not actively request annual returns from
dealers, and therefore data on venison dealer returns from 2010 onwards is incomplete.

Estimated shortfall in venison dealer returns

The difference between the annual cull returns and venison dealer returns, if accurately
recorded, should provide an estimate of the number of carcasses which are exempt
from the regulations set out in section 2.3.2, i.e. carcasses which are either privately
consumed or supplied to local retailers in small quantities.

From DCS data from 1999 to 2009 shown in Table 2.2, there was a shortfall in cull vs.
venison returns of up to 37.8% and 30.0% for Red and Roe deer, respectively. During
this same time-period, an average short fall in cull vs. venison returns of 38% for Sika
and Fallow deer (Scottish Venison, an industry review 2010).

As SNH, which took over responsibility for collating deer returns in 2010, do not actively
pursue venison dealer returns, there is currently limited information on the shortfall in
cull vs. venison returns from 2010 onwards. Consequently, we have little current
understanding of how much wild venison consumed in Scotland originates from
small scale wild game operators who are exempt from venison specific
requirements in food hygiene legislation.

Table 2.2 Shortfall in cull vs. venison returns for Red and Roe deer from 1999-2009 i
adapted from Scottish Venison, an industry review 2010

Year % shortfall in cull vs. venison | % shortfall in cull vs. venison
returns for Red deer returns for Roe deer
1999-2000 12.5 4.0
2000-2001 18.6 11.0
2001-2002 13.0 16.0
2002-2003 19.0 7.8
2003-2004 30.0 21.0
2004-2005 21.7 20.0
2005-2006 37.8 32.0
2006-2007 25.9 27.0
2007-2008 36.2 30.0
2008-2009 31.7 15.0
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2.3.4 Overview of venison production in Scotland
Wild venison production

Wild deer lawfully entering the human food chain are killed by a free bullet. Hunters
(individuals who shoot wild game) supplying wild venison to AGHEs (i.e. those not
operating under exemptions outlined in section 2.3.2) need to be qualified to shoot deer
(i.e. trained hunters) or be supervised by a qualified person (see section 4.2.1 for more
details. Qualification requires knowledge in the practice of stalking and deer ecology.
Competence can be demonstrated by the attainment of Deer Stalking Certificates 1 and
2 from DMQ Ltd, the British Association for Shooting and Conservation (BASC), the
British Deer Society (BDS). Further qualification in Game Meat Hygiene is provided by
Scottish Qualifications Authority (SQA).

Once shot, the deer is exsanguinated (bled) and the abdominal cavity opened and

abdominal viscera (stomach and intestines) removed (gralloching) (more details are

provided in section 4.3.2.) At this point, an initial inspection of the carcass is made and

a trained hunter6s decl a6)arheicarcassisthenc ompl et ed
transported to a larder, either by pony, an all-terrain vehicle (ATV), or carried in the case

of smallerroedeer.1 f t he deer is shot it may nlkagd)to
to a more accessible point before loading onto an ATV or a pony. Larders can be either
co-located at AGHEs or separate to AGHES, in which case the larder has to be

registered with the local authority where hygiene controls are enforced by

Environmental Health Officers. Larders should allow carcass temperature to be brought

down to and maintained at below 7°C throughout the meat as quickly as possible, with a
suggested temperature range of between 1-3°C.

At the | arder, the sternum is split to enabl
and liver), and the head and feet removed. The carcass is then refrigerated until it is

transported to the AGHE. Deer culled by Forestry & Land Scotland are currently all

processed at one AGHE (Highland Game Ltd).

At AGHESs, trained hunter declarations are checked and stamped with a health mark.
The carcass is then skinned, dressed (by trimming dry or visibly contaminated areas)
and transferred to a chiller where only skinned carcasses are held. Final processing and
packaging of the carcass is then performed. Further information on carcass processing
at AGHEs is provided in section 4.6 of this report.

Quality assurance scheme for wild venison

Voluntary quality assurance schemes are owned and run by SQWYV Ltd2> and cover
aspects of wild venison production from the point of cull to final product2é. Two schemes
exist:

% http://www.sgqwv.co.uk/
% https://services.acoura.com/media/doc 6573807 3/SQWV%20Producer%20Standards%20 -
%201ssue%2010%20%2005%20May%202017%20V5.pdf?pbc=1010947
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1 The SQWYV Stalking and Carcass Handling Assurance Scheme. This covers all
the stages between wild deer being shot through to the storage of skin on
carcases that have been gralloched and are awaiting collection by the game
dealer or processor.

1 SQWYV Primary Processor scheme. This is for AGHEs being used for the
skinning of game and cutting of carcases into meat. Game Dealers and Game
Processing Plants are also assured under the Primary Processor scheme.

Both schemes require regular inspections by qualified independent inspectors (currently
Acoura?’). Members of the Stalking and Carcass Handling Scheme are currently
inspected at intervals between 12 and 18 months. Members of the Primary Processing
Scheme are inspected between 6 and 18 months.

SQWYV schemes cover the following specific areas of wild venison production:

Deer management and control

Stalking proficiency

Larder management

Carcass inspection

Processing (transport, dressing, cutting, packaging and labelling) of wild venison
Product specification

Hygiene standards

Traceability

= =4 -8 _-8_9_9_9_-2

Importantly, as part of the SQWYV Stalking and Carcass Handling Assurance Scheme
carcasses are labelled at the larder with SQVW labels. These labels include information
on the hunter, the cull site, the larder address and the date and time of the cull, thus
allowing accurate traceability of the carcasses from point of cull to end product.

All carcasses from FLS shot deer, which culls approximately one third of the total
number of wild deer culled in Scotland, are covered by these quality assurance
schemes. It is not known what proportion of wild deer not culled by FLS adheres to
SQWYV quality assurance schemes.

Best Practice Guides for wild venison production

Best practice guides28 underpin many aspects of the SQWYV Quality Assurance
schemes. In addition to providing clarity on the law relating to wild venison production,
the guides have three central aims: safeguarding public safety; ensuring food safety;
and taking full account of deer welfare. In relation to venison production, the guides
cover processes from the point of cull to venison supply, including culling, gralloching,

7 https.//www.acoura.com/
% https.//www.bestpracticequides.org.uk/guides/
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extraction to larders, carcass inspection, hygiene principles, processing with larders,
and supply of venison to consumers, retailers or venison dealers.

2.4. Farmed venison production

Unlike other farmed livestock it is permissible to shoot farmed deer as they graze in the
field rather than transport them by road to an abattoir for slaughter, although
supermarkets generally purchase farmed venison from abattoir-killed carcasses. There
is no legal requirement to identify farmed deer until they are transported, at which point
they must be ear tagged. Deer movements in Scotland are recorded on Animal
Transport Certificates. Deer hauliers are controlled in that journeys over 65 km require
authorisation of the transporter under Council Regulation (EC) No. 1/2005.

Farmed deer can only be killed by a person in possession of a Certificate of
Competence under the Welfare of Animals at the Time of Killing (Scotland) Regulations
2012. Unlike wild deer, all farmed deer must be examined ante-mortem by a veterinary
surgeon within the 72 hours preceding slaughter in accordance with Regulation (EC)
853/2004. This is a clinical inspection in which the veterinary surgeon certifies that in
their opinion the animal was not affected with any disease or condition liable to render
the whole carcass unfit for human consumption or that could be transmitted through the
meat to humans. All farmed deer carcases must also be processed through AGHES.
The carcases must also be inspected post-mortem by a meat inspector and stamped
with a health mark as required under the Food (Meat Inspection) (Scotland) Regulations
1988. The health mark identifies local authority and, if required by the local authority,
the inspector and/or the slaughterhouse where the inspection was carried out.

Abattoirs handling farmed venison in Scotland are detailed in Appendix 7. There is now
one dedicated abattoir for killing farmed deer which was opened in Fife in 2016
(Downfield Limited2°). A significant proportion of farmed deer produced in Scotland is
slaughtered at Dovecote Park Ltd. in West Yorkshires0,

2.5. Food safety issues relating to venison

2.5.1 Food safety weaknesses in the venison production chain

With correct recording and tagging of deer carcasses (e.g. through adherence to SQWV
Stalking and Carcass Handling Assurance Scheme), it should be possible to trace any
disease outbreak occurring from venison back to the retailer and place of origin of the
deer carcass. This information would not be available for carcasses which are either
privately consumed or supplied to local retailers in small quantities as these are exempt

® https://stagison.com/about/
% http://mww.dovecotepark.com/default.aspx
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from the regulations described in section 2.3.2. However, in these circumstances there
should be a relatively short chain from consumer to retailer and hunter.

2.5.2 Potential impact of imports on food safety

Given the potential increase in venison imports into the UK (potentially accounting for
50% of UK venison consumption by 202131), consideration should be given to how this
will affect the risk of zoonotic infections arising from consuming venison. As detailed in
section 2.1.1, most venison is imported from deer farms in New Zealand, with other
imports from European countries. Zoonotic pathogens which have been identified in
deer populations from countries exporting deer to the UK include: Mycobacterium bovis
and other zoonotic mycobacterial species in deer from New Zealand (Buddle et al.,
2015), the Iberian Peninsula and the Alpine range (Gortazar 2015); Hepatitis E virus
from deer in ltaly, Spain, The Netherlands, Belgium and Germany (Di Bartolo et al.,
2017; Clemente-Casares et al., 2016) and Group A rotavirus in Slovenia, Jamnikar-
Ciglenecki et al., 2017).

The relative prevalence of these zoonotic pathogens in UK deer populations compared
to deer populations from countries exporting venison to the UK is largely unknown, with
the exception of Mycobacterium bovis which is not currently thought to be present in
Scotland, but is present in farmed deer in New Zealand and in cattle bovine tuberculosis
hot-spots in England (e.g. Johnson et al., 2008). The impact of changes in venison
imports on zoonotic disease risk is therefore unclear.

2.5.3 Consumption of raw/partially cooked venison

A number of zoonotic pathogens may be present in venison products, either through
surface contamination of the meat (e.g. Shiga toxin-producing E. coli, Hepatitis E virus),
or being present within the meat as tissue cysts (e.g. Toxoplasma gondii cysts, Hepatitis
E virus). As venison is sometimes consumed raw (e.g. as carpaccio), undercooked or
rare, there is the potential for zoonotic infection with these pathogens.

2.5.4 Impact of current cooking guidelines on zoonotic pathogen risk

Adhering to cooking guidelines provided by FSS32 should largely mitigate these risks.
These guidelines suggest minced meat products should reach a core temperature of
75°C which should be sufficient to kill the pathogens. However, current guidelines
indicate that meats such as steaks and joints can be served rare as long as the outside
has been seared. This would be sufficient for most pathogens, with the exception of T.
gondii cysts within the meat which would still be viable unless the joint was frozen prior
to cooking. Freezing at -10°C for 3 days or -20°C for 2 days is sufficient to inactivate T.
gondii cysts in meat from experimentally infected sheep (El-Nawawi et al., 2008) but
similar data is not available for venison.

® https.//meatmanagement.com/venison -imports-could-double-by-2020/
* https.//www.foodstandards.gov.scot/consumers/food -safety/at-home/cooking-food
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2.6. Review limitations

Venison production estimates, which were calculated from Forestry Land and Scotland
data, are compromised by inaccuracies as (i) cull data may not be accurate; (ii) average
carcass weights used to estimate production are dead weights and not processed
carcasses, leading to overestimation of production from wild Scottish deer. Furthermore,
average carcass weights in this report were calculated from of all ages of deer, leading
to potential underestimation of production from deer culled by non-Forestry Land and
Scotland stalkers, which usually avoids culling younger, smaller deer. Uncertainties in
the volume of wild venison production could compromise assessment of the risk of
zoonotic disease following venison consumption if, for example, certain pathogens were
more prevalent in wild vs. farmed deer.

There is limited primary data on venison consumption and quantities of imported
venison into the UK. This makes assessment of trends in venison consumption, and the
risk that imported venison poses to human health from countries in which zoonotic
pathogens are present within deer populations.

Cull and venison return data relies on third party recording and is therefore prone to
underreporting through, for instance, non-submission of returns or inaccurate returns or
records. This means that it is hard to assess what proportion of deer carcasses are
processed under exemptions and therefore are less traceable in the event of a
foodborne disease outbreak.
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3. Objective 2: A field survey to assess STEC prevalence in
wild deer in Scotland

Summary

The aim of this objective was to provide information on the prevalence of STEC 0157
and other STEC serotypes in Scottish wild deer destined for human consumption.

Faecal samples were collected from individual deer carcasses over a 12-month period
between July 2017 and June 2018 by deer managers and the Forest Enterprise
Scotland (now Forestry and Land Scotland) and assessed for presence of STEC O157
and other STEC serotypes. Levels of STEC O157 bacteria present in positive faecal
samples were determined in order to identify any super-shedding deer.

Whole genome sequencing was performed on STEC O157 strains isolated from the
deer faecal samples in order to compare these strains with STEC O157 strains isolated
from UK human STEC cases in order to estimate their human pathogenic potential.
Deer STEC 0157 strains were also compared with strains isolated from UK cattle
populations to determine if STEC O157 strains are likely to circulate between cattle and
deer populations, as well as the STEC O157 strain isolated from the 2015 human
outbreak.

Out of a total of 1087 faecal samples analysed three were positive for STEC O157. The
mean estimated prevalence of STEC 0157 in wild Scottish deer was 0.34% (95%
Confidence Intervals = 0.02 i 6.30). Faecal samples from the three positive deer
contained high levels of STEC 0157 (>104 CFU/g faeces).

Sequence analysis indicated that all three deer STEC O157 strains were stx2a and eae
positive (a known virulence factor in humans), as was the 2015 human outbreak strain.
This virulence profile is associated with more severe human disease. Two of the deer
STEC 0157 strains were phage-type (PT) 21/28 which is also associated with more
severe human disease, and both were isolated from Red deer. The third isolate was a
PT8 strain from a Sika deer. Whole genome sequence comparisons of the deer strains
with cattle strains and other human outbreak strains demonstrated a close genetic
relationship between the deer strains and human and cattle STEC O157 isolates.

To investigate the prevalence of non-O157 STEC, all faecal samples were screened for
the presence of stx1 and stx2 genes. A high proportion of faecal samples (69.4%) had
detectable stx1 and/or stx2 genes, of which 25.5% were also positive for eae. However,
this did not mean that stx and eae genes were present in the same bacteria, and
therefore isolation and characterisation of STEC strains from a selection of these faecal
samples was performed. Isolation of STEC strains from stx2+/eae+ faecal samples
(which are present in STEC strains associated with the most severe forms of human
disease) was performed on 74 samples. From these samples 68 STEC strains were
isolated which were all stx2 positive but eae negative.
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Conclusions

These results indicate that prevalence of STEC O157 in wild Scottish deer was low.
However, the levels of bacteria in positive faecal samples were high and of strain types
associated with more severe human disease. Furthermore, stx genes were found in a
high proportion of deer faeces tested, with 68 non-O157 STEC strains isolated from a
subset (74) of the faecal samples representing a diverse deer species and geographical
range.

It is concluded that there is a real risk of future human infections arising from
consumption of venison contaminated with deer faeces. Therefore, strict hygiene
precautions should be taken when processing deer carcasses to avoid faecal
contamination of the carcass in order to mitigate this risk.

3.1 Introduction

Following the outbreak of human STEC 0157 infections in 2015 linked to consumption
of venison products, it was concluded that the likely source of infection was from a wild
deer carcass heavily contaminated with STEC O15733. This outbreak identified
knowledge gaps relating to the risk of human STEC infection associated with wild
venison consumption. These gaps included (i) a lack of information relating to the
prevalence of STEC O157 and other STEC serotypes in Scottish deer populations; and
(i) no information on whether deer, like cattle, can be colonised with STEC at high
levels (socalled6 s u-pbaedder s 6 efadmodc) Buewmirdormation would be
critical to determine the potential risk of future human STEC infections as a result of
consumption and/or handling of wild venison products.

The primary aim of this Objective was to provide an accurate estimate of STEC 0157
prevalence in Scottish wild deer destined for the human food chain, including levels of
STEC 0157 in deer faeces, the presence of virulence genes such as eae (E. coli
attachment and effacement gene) which encodes the adhesion factor intimin and is
associated with more severe human disease outcomes (Brandal et al., 2015), and the
relatedness of deer STEC 0157 strains with those found in UK human infections and
British cattle. A secondary aim was to investigate the presence of non-O157 STEC in
Scottish wild deer, as currently around 24-41% of human STEC infections in Scotland
are caused by non-O157 STEC (HPS STEC in Scotland 2018: Enhanced Surveillance
and Reference Laboratory Data34)

% http://mww.hps.scot.nhs.uk/resourcedocument.aspx?id=2987
* https.//hpspubsrepo.blob.core windows.net/hps-website/nss/2847/documents/1_stec-scotland-2018.pdf
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3.2 Materials and methods
3.2.1 Study design

Sample size for the study was estimated using the following formula:

n o np n 1Q
where;

n= sample size

z=1.96 (z statistic for 95% level of Confidence)
p=prevalence estimate (here p=0.01)

d= precision, estimated as p/2 (here d=0.005)

A sample size of 1521 was estimated to have a 95% chance of estimating the true
prevalence of the STEC O157 in Scottish Wild deer.

A sampling plan was designed to be representative of culling for a year in Scotland. In
order to do this 10 years of historical data was obtained from Forestry and Land
Scotland (FLS). The data represented the number of deer culled per year by species
through FLS larders within Scotland. Over the 10 year time frame a mean (95% CI) of
24,674 (min, 19,059; max, 29,511) deer were culled. As the data was consistent across
years, 2016/2017 was used to create the sampling design. Based on 2016/2017 the
distribution of deer culled is shown in Figure 3.1 by month and in Table 3.1 by month
and species. Peak culling occurred in October/November but remain relatively high
throughout the winter. Approximately 52% of the deer culled were Roe deer, 38% Red
deer, 9% Sika deer and less than 2% from Fallow deer.

A total of 1888 sample packs containing sterile gloves and sample pots were distributed
to stalkers recruited by Deer Management Groups (DMGs) and FLS. Faecal samples
from deer were collected directly from the rectum by stalkers at the time of culling using
a sterile glove and transported in a sterile plastic 50 mL pot to MRI. A sampling plan
was designed (see Appendix 8) to ensure a representative sample was obtained from
the wild deer population, stratified for time of year, location, deer species, and sampling
by either DMGs or FLS. Stalkers also completed a questionnaire form at the time of
sampling detailing the location (UK National Grid Map Reference), number of the cull
site, species and estimated age of the deer culled and evidence of co-grazing with other
herbivores based on location of the cull site (Appendix 9).
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Figure 3.1 Total number of all deer species culled by FES by month in 2016/2017
season

Table 3.1 Number of deer culled by FLS in 2016/2017 by month and species

Red Roe

Month Overall | Fallow Deer Red/Sika | Deer Sika

Deer Deer Deer

(Hybrid)*

April 567 1 194 0 333 39
May 1713 10 559 1 1051 92
June 1217 9 358 2 761 87
July 832 3 322 0 437 70
August 291 1 96 0 179 15
September | 793 3 384 0 142 264
October 5403 72 2416 3 2432 480
November | 4635 98 1883 1 2259 394
December | 2965 57 925 1 1729 253
January 3476 64 1288 1 1873 250
February 3324 66 1248 0 1734 276
March 3634 77 1164 0 2043 350

*reported by the stalker based on deer appearance.

3.2.2 Laboratory methods

E. coli O157 were isolated from 1g of deer faecal samples by immuno-magnetic
separation as previously described (Pearce et al., 2004), with positive colonies
confirmed by latex agglutination using an E. coli O157 Latex Test Kit. The number of
STEC 0157 in the faeces from positive samples was enumerated by culturing 10-fold
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dilutions of faecal samples in PBS overnight in duplicate on CT-SMAC agar plates.
Counts were expressed as colony forming units per gram of faeces (CFU/g) as
previously described (McNeilly et al.2015) and the limit of detection was 50 CFU/g. E.
coli 0157 isolates were subjected to quantitative PCR (qPCR) analysis for the presence
of stx1, stx2 and eae using a method developed by the Scottish Escherichia coli
0O157/STEC Reference Laboratory (SERL).

STEC 0157 isolates identified in deer faeces, plus the STEC O157 strain (SME-19-101)
associated with the human disease outbreak in 2015, were subject to phage typing and
whole genome sequencing (WGS) analysis by SERL on an llumina MiSeq sequencer
and using a bioinformatics pipeline recently developed by Public Health England (PHE)
(Holmes et al., 2018). The outputs from this analysis included serotype (O:H type),
phage type (PT) and virulence gene profile (stx subtype, eae, bfpA, aggR, ipaH type,
aaiC, ItcA, stal and stb). Coverage of E. coli genome sequences ranged from 104x to
181x, which was adequate for downstream analysis (Grimstrup Joensen et al., 2014).

Phylogenetic analysis of core genome sequence data was also performed as described
in Mainda et al., (2016) to determine the relationship between deer STEC O157 isolates
and those identified in UK human clinical cases and British cattle destined for the
human food chain (Pearce et al., 2009, Henry et al., 2017). Single Nucleotide
Polymorphisms (SNPs) within the core sequences were identified and aligned to the
reference genome E. coli 0157 strain Sakai (ref number: GCF_000008865.2). The
phylogenetic tree was constructed using FastTree software (Price et al., 2010) and
visualised with ITOL (Letunic et al., 2007).

To provide information on the potential prevalence of non-O157 STEC, DNA extracted
from broth enriched faecal samples were tested for the presence of stx1, stx2 and eae
using a multiplex PCR (Bai et al., 2010). A PCR for the generic-E.coli gene uid
(Heininger et al., 1999) was performed on each sample as a positive control for the
DNA extraction. Isolation of STEC was attempted on selected samples by plating serial
dilutions of the broth enrichments onto SMAC agar plates and screening positive
colonies for stx and eae genes. Samples were selected based on the presence of both
stx2 and eae genes, and a high level of stx2 genes (CT value <30) by the SERL
guantitative real-time PCR (Holmes et al., 2018).

3.2.3 Prevalence estimates of STEC O157 in Scottish wild deer

The mean number of deer positive for E. coli O157 was estimated using Generalised
Linear Mixed Models (GLMMs) with binomial response terms and a logit link function
using Proc Glimmix in SAS version 9.4 (SAS Institute, Cary, NC, USA). Species was
included as a random effect. The Excel 2016 package (Microsoft Corporation) was used
to implement a Latin hypercube sampling algorithm to convert results from the GLMMs
into prevalence, taking into account the influence of random effects (Condon et al., 2004).
A similar method was used to calculate the prevalence of cattle 0157 (Chase-Topping et
al., 2007; Pearce et al., 2009).
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3.3. Results

3.3.1 Deer sampling

Of the 1888 sample packs distributed to DMGs and FES a total of 1087 samples were
received, representing a return rate of 58%. The first sample was received on 31
August 2017 and the last sample collected on 21t June 2018. The distribution of deer
species sampled for the survey was similar to that culled in 2016/2017 by FES although
proportionally more red deer were sampled (46.0% versus 37.6%, Table 3.2). The
number of samples received per month is shown in Figures 3.2 and 3.3. The distribution
of samples by cull site and species is shown in Figure 3.4 which demonstrates a good
distribution between cull site location and deer species.

Table 3.2 Comparison of deer species sampled in this study with proportion culled by
FES in 2016/2017

Species Deer species culled by FLS Deer species culled and sampled
(2016/2017) in this study (2017/2018)
N* % N* %
Red 10,837 37.6 498 46.0
Roe 14,973 51.9 449 415
Fallow 461 1.6 115 1.9
Sika 2,570 8.9 21 10.6

*hybrid deer were reported in the historical data (n=9) but are not included in the table
above
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Figure 3.2: Details of sampling per month for STEC prevalence study. The total number
of deer culled and sampled per month is indicated by the blue bars; the cumulative
number of deer culled and sampled throughout the study period is indicated by the red
line.
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Figure 3.3 Details of sampling per month including deer species for the STEC in
venison prevalence study. The total number of deer culled including the proportion of
each species culled and sampled per month is indicated by the bar chart; the
cumulative number of deer culled and sampled is indicated by the black line.
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All samples FLS Samples Samples from DMG/ Individuals

1087 samples in total

® Red (46%)
Roe (41%)
Sika (11%)
Fallow (2%)

® Unknown (1%)

Figure 3.4 Cull site location and species of deer sampled for the STEC prevalence study. FLS= Forestry and Land
Scotland; DMG = deer management groups; individuals = not associated with a DMG or Forestry & Land Scotland;
unknown = unknown deer species
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3.3.2 Prevalence of STEC 0157 in Scottish wild deer
In total eight samples out of 1087 were positive for E. coli O157; however only 3 of the

E. coli O157 isolates were stx positive. This represented an adjusted prevalence of
STEC 0157 in wild Scottish deer of 0.34% (CI = 0.02-6.30%) (Table 3.3).

Table 3.3 Estimated prevalence of STEC 0157 in wild Scottish deer in 2017/2018

N No. STEC 0157 Mean prevalence | 95% CI
1087 3 0.34% 0.02 - 6.30%

N = number of samples analysed
CI = Confidence Interval

3.3.3 Characterisation of STEC 0157 strains isolated from Scottish wild
deer

The three STEC 0157 isolates identified in wild deer as well as the 2015 Scottish
venison outbreak strain SME-19-101 were subjected to WGS analysis to obtain PT, H-
type, stx subtype and selected virulence genes. These results, together with the
species, age, location, co-grazing history, and faecal STEC 0157 levels of positive deer
are summarised in Table 3.4.

Location (by county) of the STEC O157 positive deer is also indicated in Figure 3.5.
Two STEC 0157 positive Red deer were from Inverness-shire and Ross & Cromarty,
with the third positive deer being a Sika deer from Peebles-shire. Both red deer STEC
0157 isolates were PT21/28, whereas the isolate from the Sika deer was PT8. All three
isolates were positive for stx2a and one of the red deer isolates was also positive for
stx2c. The isolates were all positive for eae but negative for other virulence factors
tested. Only the PT21/28 isolate from the Red deer in the Highlands had a reported
history of co-grazing land with other herbivores (in this case sheep and cattle). Faecal
samples from all three positive deer contained high levels of STEC 0157 (>104 CFU/g
faeces). The 2015 venison outbreak strain SME-19-101 was PT32, and positive for
stx2a, stx2c and eae. The H-type of all three deer isolates and strain SME-19-101 was
H7.

Of the five stx negative E. coli O157 isolates, one was O157:H39, one was 0157:H42

and two were O157:H43. Only the O157:H39 isolate was positive for eae. None of these
isolates were genetically similar to any recognised pathogenic strains of E. coli.
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Figure 3.5 Location of STEC 0157 positive deer by county. Grey areas indicate districts
where a single STEC O157 positive deer was identified.

QGIS Development Team (2019). QGIS Geographic Information System. Open Source Geospatial
Foundation Project. http://qgis.osgeo.org © Boundary Commission for Scotland, Local Government
Boundary Commission for Scotland. Contains Ordnance Survey data © Crown copyright and database
rights 2013.
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Table 3.4: Details of STEC O157 strains isolated from wild Scottish deer in 2017/2018 and comparison with 2015

venison STEC 0157 outbreak strain SME-19-101.

Strain ID County Species Sex Age Co-grazing PT H-type stx eae | Count
(years) | history subtype (CFU/g
* faeces)
XHB800737E | Inverness- | Red F 4 None 21/28 |7 stx2a / + 1.0x10%
shire reported 2C
XH800739Y | Peebles- Sika F 5 None 8 7 stx2a + 5.0x 108
shire reported
XH800740B | Ross & Red M 1.5 Cattle/sheep | 21/28 |7 stx2a + 7.7x 107
Cromarty
SME-19-101 | n/a n/a n/a n/a n/a 32 7 stx2a / + n/a
2c
ID = identity

*Age estimated by stalker
PT = phage type
n/a = not applicable
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To understand the relationship between the deer STEC 0157 isolates identified in
this study and UK human outbreak strains and isolates from British cattle,
phylogenetic analysis was performed using core genome sequence data generated
by next generation sequencing. The phylogenetic tree visualised with iTOL3% is
shown in Figure 3.6.

XH800739Y
Pr
/708 .
Qe
er
SME-19-101
XHB800737E
XH800740B

Figure 3.6 Phylogenetic analysis of STEC O157 deer strains with UK human and
bovine cattle STEC 0157 strains using core genome sequence data. Outer ring = PT
(Phage Type) with PT21/28 in pink, PT32 in light blue and PT8 in light green. Middle
ring = host species with cattle in black and humans in grey. Inner ring = deer isolated
from this study or from the 2015 venison deer outbreak. Identities of these strains are
shown.

* https://itol.embl.de/tree/824420922138264156 1455797
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