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GLOSSARY

Chi-squared test is a statistical method which is used to test whether two
distributions from the same sample are different. In this report the Chi-squared test
was used to compare variables when prevalence numbers were not large enough to

complete a logistic regression.

Fresh meat is meat that has not undergone any preserving process other than
chilling, freezing or quick-freezing, including meat that is vacuum-wrapped or wrapped
in a controlled atmosphere”. Fresh meat would include roasting joints, steaks and

chops.

Kruskal-Wallis is a non-parametric statistical method used to compare 2 or more
continuous distributions of the same variable and test whether they are different e.qg.
Listeria levels in different UK countries. This statistic does not highlight which

distributions (if more than 2) are different; Mann-Whitney analysis is required for this.

Logistic regression is a modelling tool which is used to analyse the likelihood of an
event (e.g. Listeria spp. in red meat) in relation to relevant explanatory variables.

Mann-Whitney is a non-parametric statistical tool used to compare 2 continuous
distributions and test whether they are different e.g. Listeria levels in England versus

Scotland.

Meat preparations are fresh meat, including mince meat, 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. An example of this would be uncooked chicken kiev or
shish kebab.

" Definitions taken from the Regulation (EC) No. 853/2004 laying down specific hygiene rules for food of
animal origin, ANNEX. This document is available on the Food Standards Agency website at
http://www.food.gov.uk/foodindustry/regulation/europeleg/eufoodhygieneleg/



http://www.food.gov.uk/foodindustry/regulation/europeleg/eufoodhygieneleg/

Meat products are products that have been processed so that they do not look like

fresh meat, for example bacon, ham or salami.

Minced meat is boned meat that has been minced into fragments which contain less
than 1% salt’.

Modified atmosphere packing or gas packaging, the air surrounding food within a
packaging material is replaced by a strictly controlled mixture of gases usually chosen
from carbon dioxide, oxygen and nitrogenA. The process increases the shelf life of

food by limiting the growth of microorganisms.

Odds ratio is the statistic tool used in logistic regression to predict the magnitude of
the effect of the associated variable on the presence of the microorganism. An odds
ratio greater than 1 indicates that if the associated condition is true (e.g. sample is
beef) then the likelihood of the presence of the microorganism increases. An odds
ratio less than 1 indicates that if the association condition (e.g. sample is lamb) is true
the likelihood of the presence of the microorganism decreases. If the confidence
interval of the odds ratio for a given condition contains the value 1.0, then the finding

is not significant (we cannot be certain that the ratio is not 1).

Parametric tests assume the dataset being analysed fits some probability distribution

(e.g. the normal distribution).

p-values represent the probability of obtaining a statistical result by chance (ranging
from O to 1). If the p-value is less than or equal to 0.05 then the result is significant at
the 0.05 level, meaning that there is a 5% or less probability that the statistical result is
down to chance. Anything greater than 0.05 is considered non-significant. The
smaller a p-value is, the greater amount of confidence there is in the result it

accompanies.

A Definition taken from the Food Standards Agency guidance on the safety and shelf-life of vacuum and
modified atmosphere packed chilled foods with respect to non-proteolytic Clostridium botulinum. This
report is available on the Food Standards Agency website at
http://www.food.gov.uk/foodindustry/quidancenotes/foodguid/vacpac



http://www.food.gov.uk/foodindustry/guidancenotes/foodguid/vacpac

S p e ar ma n éaioncscamen-parametric statistical method used to test whether a
relationship exists between 2 continuous variables (i.e. are they correlated). A
significant p-value indicates correlation, whilst an associated coefficient (rho or r)

indicates the direction and magnitude of the correlation.

T-test is a statistical method used to compare the means of two continuous
distributions testing whether they are different. This analysis tool was used when
conducting further analysis comparing the mean number of days remaining before

passing the use by date for C. perfringens.

Vacuum packaging removes air and prevents its return by an airtight seal
surrounding the food within the packaging material®. This process increases the shelf

life of the food by limiting the growth of microorganisms.

Weighting (Refer to Appendix | for detail on how weights were calculated). At the
start of the survey, the sampling plan was used to distribute the samples required
according to market share. Over the course of the survey there were some variations
in samples available at the type of premises or locations selected. Also, the sample
size for Scotland and Northern Ireland was boosted beyond what was representative
to ensure that sufficient samples were taken to allow comparison with the other UK
countries. Due to these variations, and boosting, some re-weighting of groups was
required to enable a more accurate picture of prevalence of contamination events

between the various types of red meat.

The data used for this analysis were weighted according to country of purchase and

type of red meat.

A Definition taken from the Food Standards Agency guidance on the safety and shelf-life of vacuum and
modified atmosphere packed chilled foods with respect to non-proteolytic Clostridium botulinum. The
report is available on the Agency website at
http://www.food.gov.uk/foodindustry/quidancenotes/foodguid/vacpac
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Weighted prevalence ensures that the statistics presented are robust and
representative. The weighted prevalence rates are the percentages of red meat with
detectable bacteria weighted to make them representative of the UK.
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EXECUTIVE SUMMARY

The Food Standar ds Ag e micrgbiblegical suvey dfsfiesh ke
meat on retail sale was carried out over a period of 15 months, between March 2006
and June 2007. The objective of this survey was to collect information on the
microbiological contamination of the surface of whole cuts of fresh red meat on retalil
sale in the UK. Samples were tested to estimate the prevalence of a range of
foodborne pathogens and indicator organisms. The survey also gathered information
on factors such as retailer type, production type, the country of purchased and the
type and cut of meat.

A total of 6,243 red meat samples were purchased from UK retail premises, of which
5,998 were tested for Campylobacter spp., Salmonella spp., E. coli O157, E. coli,
Listeria spp., Listeria monocytogenes, Clostridium perfringens, Staphylococcus
aureus, Enterobacteriaceae and Enterococcus spp. Testing for Yersinia spp. and
Yersinia enterocolitica was carried out on the first 2,429 samples only.

To ensure that the results from this study were representative of the UK, all the
prevalence results were weighted. Although the original sampling plan was designed
to be as representative as possible, in some categories sample sizes were increased
to give greater statistical validity to sub-sample analysis. Weighting was therefore
needed to make these categories representative. This weighting was based on

market share data for country of purchase, meat type and retailer type.

Relatively few samples on sale in the UK were positive for Campylobacter, Salmonella
or E. coli O157 and the prevalence for these organisms were 0.36, 0.24 and 0.02%
respectively. For Listeria spp., L. monocytogenes and C. perfringens the prevalence
were higher at 10.62, 3.17 and 9.99% respectively. However the levels of L.
monocytogenes and C. perfringens detected in the majority of samples were
considered below the level of concern to cause illness (<100 cfu/g and <10° cfu/g
respectively). Of the other pathogens tested S. aureus had a prevalence of 7.18%, Y.
enterocolitica had a prevalence of 10.91%, with potentially pathogenic serotypes
rarely detected (0.12%). For the indicator microorganisms, E. coli,

15
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Enterobacteriaceae and Enterococcus spp. the prevalence were 32.94, 95.88 and
48.15% respectively.

Of the 3,249 beef samples tested, 4 (0.13%) were positive for Campylobacter, 6
(0.18%) for Salmonella and 1 (0.03%) for E. coli O157. Listeria spp. was detected in
353 (10.88%) beef samples and L. monocytogenes in 105 (3.42%). C. perfringens
was detected in 489 beef samples (15.01%) and of the 1,174 samples of beef tested
for Yersinia spp., 146 (12.09%) were positive for Y. enterocolitica.

Of the 1,693 pork samples tested, 10 (0.46%) were positive for Campylobacter, 9
(0.51%) for Salmonella and none for E. coli 0157. The prevalence of Listeria spp. and
L. monocytogenes in pork was 11.54 and 2.66% respectively. C. perfringens was
detected in 61 pork samples (3.34%) and of the 654 pork samples tested for Yersinia
spp., 60 (9.16%) were positive for Y. enterocolitica.

Of the 1,056 lamb samples tested, 7 (0.92%) were positive for Campylobacter and
none for Salmonella or E. coli O157. The prevalence of Listeria spp. and L.
monocytogenes was 8.34 and 3.80% respectively. C. perfringens was detected in 55
lamb samples (5.20%) and of the 601 lamb samples tested for Yersinia spp., 10.55%

were positive for Y. enterocolitica.

This survey will help the Agency to build up a representative picture of the
microbiological contamination found on the surface of whole cuts of red meat sold in
the UK. The information gathered will enable the Agency to assess the effectiveness
of hygiene controls through production and processing up to the point of sale to the
consumer on levels of meat surface contamination, and the potential cross-
contamination risks to the consumer through handling of these products in the
domestic kitchen. The results reported here willalsobe used to i nform t
Foodborne Disease Strategy to reduce UK foodborne disease and inform food
hygiene advice provided to consumers. The data gathered from this survey will
contribute to any future work on risk assessment and modelling of the transfer of

microorganisms from meat to the kitchen environment.

16



Care should be taken in attempting to compare results from this survey with others on
the microbiological contamination of red meat at retail sale, such as the 2003/2005
LACORS/HPA red meat at retail survey (Little et al., 2003-2005), as there are major
differences in methodology and design between these studies. This survey used a
swab method to test for surface contamination on the red meat samples whereas an
excision method was used in the LACORS/HPA survey. The LACORS/HPA survey
also included poultry, goat, game meat, offal and diced samples which did not form

part of this survey.
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1.0 INTRODUCTION

1.1 Background

One of the key strategic aims of the Food Standards Agency is to reduce the
incidence of foodborne iliness in the UK. To support this aim, the Agency monitors the
number of laboratory reported cases and indicators of burden of disease for 5 key
organisms Campylobacter, Salmonella, E. coli O157, L. monocytogenes and C.
perfringens. During 2006, it was estimated that over 1 million people suffered from
food poisoning in the UK with 19,500 hospitalisations and over 500 deaths as a result
of foodborne illness (FSA 2008; FSA 2007). Foodborne disease is estimated to cost
the economy approximately £1.5 billion each year in England and Wales (FSA 2008).

From 2000 to 2009', 7.9% of the 793 foodborne outbreaks in England and Wales
reported to the Health Protection Agency (HPA) were associated with the consumption
of red meat. During this period 1,618 people were affected with 130 hospital
admissions and 12 fatalities. Beef (48%) was the most frequently implicated meat
type, followed by pork (22%) and lamb (13%). C. perfringens (40%), E. coli 0157
(21%) and Salmonella (19%) were the most frequently reported microorganisms in red
meat related outbreaks (source HPA GSURYV outbreak database March 2010).

Data from the HPA on outbreak cases attributed to various food groups and the
proportion of outbreak cases attributed to the 5 key Food Disease Strategy pathogens
indicated that 6% of all outbreaks of Salmonella and 7% of those caused by C.
perfringens were associated with red meat (FSA Board Paper 2002).

Microbial control in the slaughterhouse forms a key part of the Food Standards
Agencyds Foodbor ne DkeyirgeavendonsSriclude the igdystryaledd
National Zoonosis Control Plan for Salmonella in pigs (NZCPig)?, development of
prototype assessment tools for identifying and managing risks in the slaughterhouses
and modernisation of meat hygiene regulations (FSA Board Papers 2002a and 2009).

! Provisional 2009. Due to delays in outbreak reporting, more outbreaks from 2009 may not have been
recorded when this information was collated.

2 Further information on the National Zoonosis Control Plan for Salmonella in Pigs (NZCPig) is at:
http://www.food.gov.uk/aboutus/ourboard/boardmeetoccasionalpapers/2009/pigmeatcontrolplan

18
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The Food Standards Agency has specific strategic targets to reduce the incidence of
Campylobacter and Salmonella in the food chain by 2010 (FSA 2005). To support
these targets, the Agency has carried out this survey to examine the prevalence of
microbiological contamination on the surface of cuts of fresh red meat on retail sale
throughout the UK. The survey will help to assess how effective hygiene and other
controls have been through production and processing up to the point of sale to the
consumer and provide data for risk assessing cross-contamination to the consumer
through handling of these products in the domestic kitchen. The survey outputs will
help to inform food safety advice given to consumers on how to avoid cross-
contamination in the kitchen during the handling of fresh meat.

1.2 Surveys at slaughter

Pathogenic microorganisms, which cause foodborne disease, such as Campylobacter
and Salmonella, colonise the intestinal tract of farm animals and may contaminate the
meat of cattle, pigs, sheep and poultry at the point of slaughter (Defra 2008). UK
abattoir surveys have confirmed that pathogenic microorganisms such as Salmonella
and E. coli 0157 are carried by farm animals and can persist on meat carcases after
the slaughter process (Chapman et al., 2001; Davies et al., 2004; Defra 2003; Duffy et
al., 2001; Hansson 2001 and Small et al., 2006). E. coli 0157 (4.7%) was found to be
more frequent on cattle than pigs or sheep (Defra 2003) whilst Salmonella spp. (31%)
contamination was more predominant on pig carcases than beef, lamb and calf

carcasses (Small et al., 2006).

1.3 Surveys at retail

Although there is published information on the microbiological contamination of poultry
meat at retail (FSA 2009a, Meldrum et al., 2006; Burgess et al., 2005; Jorgensen et
al., 2002; FSA 2003; Kramer et al., 2000) available data on the types and levels of
microorganisms contaminating whole cuts of red meat sold at retail in the UK are
limited. The majority of red meat surveys at retail focus on contamination levels in
diced meat, minced meat and meat preparations such as burgers and sausages. This
survey will address this knowledge gap by providing data on the different type and
levels of a wide range of pathogenic and indicator microorganisms present on the

surface of whole cuts of retail red meat in the UK.

19



One exception to this was a UK wide survey carried out by LACORS/HPA on
Campylobacter and Salmonella on fresh meat at retail sale. The findings of this
survey confirmed that beef, pork and lamb sold at retail were contaminated with both
Campylobacter and Salmonella. It also indicated that they were more frequently

contaminated with Campylobacter than Salmonella (Little et al., 2003-2005).

However, the results of the 2003/2005 LACORS/HPA red meat at retail survey are not
directly comparable to this survey due to differences in methodology between these
studies. This survey used a whole swab method to test for surface contamination on
the red meat samples whereas an excision method was used in the LACORS/HPA
survey. The LACORS/HPA survey also included poultry, goat, game meat, offal and

diced samples which were excluded fromt he Agencyds survey.

1.4 Hygiene measures and controls at farm, slaughter, processing and at
retail
Cattle, pigs and sheep are important reservoirs for pathogenic bacteria and there is a
risk that these microorganisms can be passed along the food chain through cross-
contamination to the meat product. Biosecurity measures and the implementation of
national control programmes target reductions in microbial contamination at the
primary production stage. Regulation (EC) No 2160/2003 on the control of Salmonella
and other specified foodborne zoonotic bacteria requires that appropriate and

sufficient measures are taken at relevant stages of the food chain.

Microbiological contamination on meat carcasses can be reduced through the
implementation of controls based on Hazard Analysis and Critical Control Point
(HACCP) principles and through Good Hygienic Practice (GHP) in the abattoir. The
latter includes: segregating processing lines; effective pest and waste controls; using
appropriate sanitation (cleaning and disinfection) procedures; temperature regulation;
regular checks on staff hygiene (e.g. through hand swabbing) and training of staff on

hygiene requirements.

Hide/fleece removal and the evisceration process (removal of the internal organs)

have been shown to be the principal processes by which contamination from the

20



outside of the animal and/or from the digestive tract is transferred to the exposed
muscle surfaces. Spray washing prior to carcase inspection has also been shown to
spread faecal contamination to other areas of the carcase (FSA 2002b). It is therefore

important that appropriate HACCP based controls are in place.

Exposure of red meat to the external environment throughout the production chain
means that there may be a risk of cross-contamination from floors, walls, equipment or
line workers. But again, this can be reduced through the application of HACCP

principles and by GHP.

Food safety is maintained by systematically checking that all the controls in the
process keep contamination within acceptable levels and by taking corrective action if
the limits set are in danger of being exceeded. Microbiological monitoring of carcases
at the end of the slaughter operation and meat at the end of processing is commonly
used to check the microbiological status of the product and to confirm whether
HACCP has been effectively applied. High microbiological counts could be the result

of a breakdown at any stage in the production process or inadequate chilling.

The GHP measures and good temperature controls operated at the retail stage
(butchers and supermarkets - i.e. meat counters and on the shelf) should prevent the
transfer of microorganisms from contaminated meats and prevent them from growing

or forming toxins.

Control measures used at retail such as cleaning, disinfection, chilling and freezing
are intended to minimise the risk of microorganism transfer from fresh meat to the

consumer.

15 Cross-contamination from fresh meat in the kitchen

Fresh red meat brought into the home by consumers may be contaminated with
pathogenic microorganisms. The risk of acquiring food poisoning directly from these
products is relatively small providing that they are cooked adequately®, as any harmful
bacteria will be destroyed. However, during the handling and storage of red meat

!Further advice on cooking me at i s avail abl e

http://www.eatwell.gov.uk/keepingfoodsafe/cooking/
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there is a potential risk of cross-contaminating other cooked or ready-to-eat foods,
kitchen surfaces and utensils. Therefore it is important that consumers follow GHP,
including proper handling, storage, cooking and cleaning practices in order to

minimise the risk of cross-contamination from red meat.

1.6 Red meat survey objectives

Reported here are the results of a survey to collect information on the levels of
microbiological contamination on the surface of whole cuts of fresh red meat on retall

sale in the UK. This information will help the Agency to build up a representative

picture of the different types and levels of microorganisms (both pathogenic and
indicator) found on the surface of cuts of red meat sold in the UK and will be used to
supportt he Agencyods Foodb o rfonthe rddiucson af $Jk fooBdomeat e gy
disease and to ensure that the food hygiene advice provided to consumers is correctly

targeted.

The surveyods aims were to:

e Provide data on the prevalence of microbiological contamination on the surface of
fresh red meat on retail sale in the UK. Samples were tested for a range of
foodborne pathogens and hygiene indicator organisms, including the 5 key
pathogens against which the FSA monitors foodborne disease - Campylobacter,
Salmonella, E. coli 0157, L. monocytogenes and C. perfringens. Tests were also
undertaken for other pathogenic and hygiene indicator organisms including E. coli,
Listeria spp., Y. enterocolitica, S. aureus, Enterobacteriaceae and Enterococcus

spp.

e Record information on a wide range of factors such as retailer type, country of

origin, production type and the type and cut of meat.
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2.0 METHODS

2.1 Survey design

The main objective of this survey was to determine the prevalence of microbiological
contamination on the surface of whole cuts of fresh red meat at retail sale in the UK.
The survey was designed to examine the prevalence in different fresh red meats and
cuts. There are several key foodborne pathogens that are responsible for a large
proportion of cases of UK foodborne illness (Campylobacter spp., Salmonella spp., E.
coli 0157, L. monocytogenes and C. perfringens), and some indicator organisms (E.
coli, Enterobacteriaceae and Enterococcus spp.) can provide useful information about
hygiene control during food production. Other pathogens (Listeria spp., Y.
enterocolitica and S. aureus) also contribute to cases of foodborne iliness. The survey
aimed to gather information on a wide range of factors which could influence the
presence of these microorganisms on the meats sampled.

An initial sample size of 5,000 samples was set to ensure that the prevalence for all
microorganisms could be measured to a minimum precision of +2% for each meat
type (beef, pork and lamb) without stratifying the sampling plan. This large sample
size would also provide greater statistical validity when comparing the contaminated
and uncontaminated red meats for each microorganism, as the pilot study for this

survey had ascertained that the prevalence of some microorganisms was low.

The Department for Environment, Food and Rural Affairs 2002/2003 Expenditure and
Food Survey report (Defra 2003) market share data indicated that in 2002 the
consumption of red meat in the UK was 84% of the total figure for England, 8% in
Scotland, 5% in Wales and 3% for Northern Ireland (Appendix A). In this survey the
sample numbers for Scotland and Northern Ireland were boosted, to allow for
statistical comparisons of contamination of red meat in these countries. Therefore the
total sampling number was revised to 5,919 samples and distributed between

countries as follows:

e England: 4,181 samples (70.6%)
e Scotland: 735 samples (12.4%)
e Wales: 271 samples (4.6%)

e Northern Ireland: 732 samples (12.4%)
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The samples were divided according to retailer type (large supermarket retail chains
and smaller independent butchers) based on the market s h
2002/2003 expenditure and food survey. The samples were further spilt into meat
types (beef, lamb and pork) and cut of meat (roasting joints, steaks/chops) using the
red meat market intelligence report (Mintel 2004). The sampling plan was based on
market share to provide a representation of the UK market for red meat and to remove
any bias caused by a particular type of retail premises or meat type. No assumptions
were made on the market share data when formulating the sampling plan (Appendix
A).

This study was not designed to measure seasonality but microbiological contamination
fluctuations during the course of the survey have been included. Please note that

these data were based on the purchase date rather than actual date of slaughter.

2.2 Pilot study

A pilot study was carried out prior to the main survey to determine whether any
changes were needed to the survey protocol such as modifying the methods used. A
total of 458 red meat samples were tested under the pilot study between 6™ March
and 12™ April 2006. Following the pilot study, the Central Science Laboratory” (CSL)
and the Agency considered the results and identified whether any changes to the main
survey protocol were required. The pilot study results showed that no Campylobacter,
Salmonella and E. coli 0157 were detected. The pilot study also confirmed the
availability of samples was in line with the sampling plan. Therefore no modifications

were required to the sampling plan.

Following a review of the pilot study, validation work was carried out by CSL to
determine the best method for isolating Campylobacter and E. coli 0157 (Appendices
E and F). Small changes were made to the enrichment stage of the methodology to
improve the recovery of Campylobacter and reduce cross-contamination in the E. coli
0157 method. These modifications were adopted in the main survey (from 5" June
2006 to 28™ June 2007) as follows:

" With effect from the 1% April 2009, the Central Science Laboratory (CSL) changed their name to the
Food and Environment Research Agency (FERA).
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e Campylobacter (ISO/DIS 10272) method: The whole swab was used during the

enrichment stage.
e E. coli 0157 (ISO 16654) method: The MSTB+N inoculum was not examined after

6 hours incubation at 41.5+1°C but after 18-24 hours. Also an automated

immunomagnetic separation (IMS) method was used rather the manual IMS

method (there were no differences in recovery rates between the 2 methods).

Since there were no reported differences in the recovery rates between the pilot and
main survey methods, the pilot study results were included in the final dataset analysis

for the survey.

2.3 Sampling
During the collection of samples precautions were taken at all stages to ensure that
the equipment, transport and storage facilities were not contaminated with any

microorganisms.

2.3.1 Sampling plan and random sampling

The sampling plan is outlined in the red meat survey protocol (Appendix A).

To minimise bias, the retail outlets from where samples were taken were identified
before sampling began. A comprehensive list of retail outlets was compiled for each
of the 12 UK Member of European Parliament (MEP) constituency regions. These
included North West, North East, Yorkshire & Humberside, West Midlands, East
Midlands, Eastern, South West, South East, London, Scotland, Wales and Northern
Ireland. An Excel random number generator was used to randomise each list and the
required number of outlets (with reserve premises) was selected for each MEP region
to meet the sampling plan. Sample numbers were divided between MEP regions to
ensure that samples were evenly distributed. The proposed number of retailers and
the distribution of retailers sampled during this survey are provided under Appendices

A (Annex 2) and B respectively.

The final sample size comprised 3,249 samples of beef, 1,693 pork samples and

1,056 lamb samples, giving a total of 5,998. Numbers of samples taken were carefully
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monitored over the course of the sampling period to ensure that the required number

and types of samples were obtained in line with the sampling plan.

2.3.2 Sampling officer training

Sampling officers were drawn from the laboratory workforce at CSL and trained in
house by the project leader. The training included a review of the equipment, practical
familiarisation with different red meats cuts, how to interpret and complete sample
forms, data entry onto the Laboratory Information Management Systems (LIMS) and
the use of cameras to make a photographic record of the samples to ensure a

consistent approach to the survey.

2.3.3 Sample collection and transportation

Samples were collected by designated CSL sampling staff in England, Wales,
Scotland and Northern Ireland using standardised sampling protocol, sampling plan
and sampling forms (Appendix A). Samples were collected on 3 days during the week
(Monday to Wednesday) to ensure that the testing of them was completed within a
working week. Collections averaged around 120 samples per week, which were taken
from a range of retail outlets and localities. The sampling officers were provided with
a list of retailers to visit on each day and the types of sample required from each

premises.

The majority of retail outlets were only visited once during this survey and a maximum
of 4 samples were taken from each store. There were some stores which were visited
twice during the survey. For example, if there was a need to visit 12 specific
supermarket chains in a region but there were only 10, then the list would be re-
randomised and 2 stores would be visited again. Retailers received payment for the

red meat at the time of sampling.

Only fresh, chilled and unseasoned cuts of beef, pork and lamb were sampled.
Samples from a variety of price ranges, meat cuts (roasting joints, steaks, chops),
production types (organic, free range) and packaging (loose, clingfilm with tray,
modified atmosphere and vacuum packed meats) were collected. Only samples

which met the following criteria were collected:
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e The name and address on the sampling sheet must match those of the shop;

e The use by date must be a least 2 days after the purchase date;

¢ No additional preparations should have been carried out on the meat. Minced,
diced, boned and rolled (made from different pieces of meat rolled together) meats
were excluded from this survey;

e The meat samples should not contain any added ingredients” such as seasoning,
oils, stuffing, marinating sauces, or herbs;

e Samples must be collected randomly from the shelves and not necessarily at the
front of the display; and

¢ Packed meats where the packaging is not intact should not be purchased. Meat

samples where the label is unreadable or damaged should not be collected.

After sampling, the sampling officers provided all retail outlets with a letter from the
Agency informing them that samples had been taken from their premises to carry out
the survey (Appendix A). For larger retail chains, a list of premises from which

samples were taken was sent to head office contacts.

Details of the samples purchased were recorded on the sampling form (Appendix A).

Each sample collected was allocated a unique sample reference number (from C¢
LIMS) as specified on the pre-printed section of the sampling form. A label with the
corresponding number was attached to the front of the sample ensuring that it did not

obscure any packaging details.

The sample was placed into a tamperproof liquitite pathoseal bag (DGP Group Ltd,
Elvington, York, UK). Excess air was expelled and the bag sealed. The sealed
sample was placed inside a Biotherm 45 control box (DGP Group Ltd) and frozen
packs placed inside the box alongside the samples to ensure the temperature was
maintained (6°C whilst in transit. Contact with the freeze packs was prevented by
wrapping the frozen packs with layers of bubble wrap. A sealed unit data logger was
placed with the samples to monitor the temperature every 5 minutes during transit.
The Biotherm box and corresponding sampling forms were sent to CSL either by

Parcel Force before 9am next day delivery or by the sampling officers. Samples

* Some meat samples with added ingredients such as basting fats, salt, glucose and water was
sampled under this survey. Information on meats with added ingredients collated and analysed.
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delivered by the sampling officers were placed immediately into a chiller (C5°C) until

testing.

2.3.4 Sample information
Sample information was recorded on a sampling form in accordance with the sampling

protocol (Appendix A). Information recorded on the sample form included:

e the retailer (name, address and type)

o type of meat (beef, pork or lamb)

e cut (roasting joints, steaks/chops)

e description of cut (leg, shoulder, rib-eye, topside)

e date and time of sampling

e temperature of meat on receipt at the laboratory

e use by date

e cost

e net weight

e country of originA

e identification mark

e Food Assurance Scheme mark

e type of packing (loose, packed in a modified atmosphere, vacuum packed, clingfilm
with tray)

e production type (organic, free range)

e brand name

Other information such as the identity of the sampler, the visual condition of the
sample and date it was received in the laboratory were also collected and entered into
the LIMS database. The majority of loose meat samples from butcher premises were
sold without labels and not all the information listed above could be collected for these

types of samples.

Each sample was allocated a unique laboratory sample reference number which was

retained throughout testing including when presumptively identified bacterial isolates

A Country of origin was often difficult to define as sample origin differed in terms of where the animal
was reared, slaughtered, processed or packaged
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were sent for confirmatory testing to the HPA Gastrointestinal, Emerging and Zoonotic
Infections (GEZI), Centre for Infections. This allowed traceability of samples and
ensured that the results of all testing were allocated to the relevant samples.

2.3.5 Sample receipt and photographs

On arrival at the laboratory, the datalogger was removed from the Biotherm box and
checked to see that the temperature had not exceeded 5°C during transit. Samples
which exceeded 5°C were excluded from the survey. The reference numbers on the
sample sheets were checked against the numbers on the samples. Traceability was
maintained during the course of testing by use of the sample reference numbers,
which were used on all agar plates, cultures and other items associated with the
individual sample. The temperature of samples on receipt was recorded. The

information on the sampling form was logged onto LIMS.

A high resolution photograph of each sample was taken using a 5.1 mega pixel Nikon
Coolpix 5600 digital camera ensuring that the labels and LIMS reference numbers
were clearly visible. At the end of each week, the photographs were saved with their
LIMS identification number. Every 2 weeks the photographs were copied onto CDs,
and 1 copy was sent to the Agency for independent validation and cross-checking by
Agency staff.

2.3.6  Whole surface swab methodology

The purpose of this survey was to gather data on the prevalence of a range of
microorganisms found on the surface of different sizes of fresh cuts of red meat,
based on what consumers are bringing into the home. From this information it should
be possible to assess the potential risk of transferring these microorganisms to ready-
to-eat foods and other kitchen surfaces through the handling of red meat. Since this
survey was specifically looking at transferable surface contamination, it was
considered to be more appropriate to test samples by surface swabbing rather than an
excision method as had been used in other surveys. There were two options for
taking a surface swab, either a whole surface swab or using a stencil to swab in a

defined area.
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Microbiological contamination is not uniformly distributed on meat surfaces and can be
localised in certain areas. Therefore swabbing in a defined area, usually defined by a
physical stencil or grid, may not pick up all the surface bacteria present on the sample,
as this technique is dependent on where the stencil is placed on the sample. Also, a
number of swabs would be needed to get a true representation of surface
contamination. Instead, the whole surface swab technique was adopted in this
survey, as it was considered to provide a more sensitive method in terms of detecting
whether a microorganism was present or absent on the surface of the meat and
obtaining a sample that is more representative than would be obtained by stencil
swabbing. However, it was recognised that this surface swab methodology has
limitations with respect to the enumeration of bacterial load, as the meat surface
cannot be standardised into a defined unit. Using the whole swab technique, the
enumeration results are expressed as number of colony forming units (cfu) per whole
meat sample. As a result, it is not possible to make direct comparisons of the levels of
bacteria between larger roasting joints and smaller cuts (steaks or chops) due to the

differences in surface area.

Meat samples were stored at (6°C and usually tested within 24 hours of purchase.
Samples from less accessible areas of the UK were tested within 48 hours from time
of sampling. This ensured that the microflora on the meats surface did not change

before sampling.

The surface of the meat sample packaging and the gloves worn by the laboratory staff
were sanitised using 80% ethanol prior to opening to minimise contamination. The
packaging was opened and the meat sample was carefully placed onto a sterile tray
using sterilized instruments. The packaging and LIMS labels were placed in a zip lock
bag and stored at 4°C until the results were cross-checked. The weight and size of
the meat was measured and recorded on the sample sheet.

Stomacher bags were labelled with the appropriate LIMS sample number (using a pre-
printed LIMS label) and a sterile sponge (Envirosponges BP-237-SPG) was
aseptically placed into the bag to form a single sponge swab. The swab was
moistened with 10+0.2ml Maximum Recovery Diluent (MRD) and was grasped

through the stomacher bag, by inverting the bag over the gloved hand to expose the
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moistened sponge. The sponge was swabbed over the entire meat surface and the
bag re-inverted over the sponge. Large roasting joints were handled using inverted
stomacher bags whereas flamed implements and gloved hands were used to handle
the smaller steaks/chops. A volume of 35+0.7ml of MRD was added to the bag and
sponge was squeezed firmly by hand through the outside of the bag to release any
microorganisms into the liquid. Microbiological testing of the samples commenced
within 15 minutes of the addition of MRD to the swab.

2.4 Microbiological testing

Results from the microbiological testing were manually recorded and logged on the
LIMS database. Full details of the microbiological methods used during this survey
are provided in Appendix A. The limits of detection and reproducibility for the

microbiological methods are provided in Appendix D.

2.4.1 Detection of Campylobacter spp. (based on ISO/DIS 10272)

The ISO/DIS 10272 method was slightly modified (see section 2.2) so that the whole
swab was added to a screw capped container containing 225ml of Bolton Broth (BB)
leaving a headspace of less than 2cm. The container was incubated at 37+2°C for 4-6
hours followed by 41.5+1°C for a total of 44+4 hours. After incubation, 10pl of the BB
was streaked onto modified Charcoal Cefoperazone Deoxycholate Agar (mMCCDA)
and modified Preston Agar plates. The plates were incubated microaerobically at
41.5+1°C for 5 days. Presumptive colonies were examined using the oxidase test,
corkscrew motility and morphology, microaerobic growth at 24-25°C and aerobic
growth at 41.5£1°C (incubated for 44+4 hours). Presumptive Campylobacter colonies

were sent to the HPA for confirmation.

2.4.2 Detection of Salmonella spp. (based on EN/ISO 6579)

One ml MRD from the bag was added to 9 ml Buffered Peptone Water (BPW) and
incubated at 37+2°C for 16-20 hours. After incubation, 0.1ml of the incubated BPW
was transferred into 10ml Rappaport Vassiliadis Soya Peptone Broth (RVS), and
incubated further for 21-27 hours at 41.5+1°C. Then 1ml was transferred into Muller-
Kauffmann Tetrathionate Novobiocin Broth (MKTTn) and incubated at 37+2°C for 21-
27 hours. Following enrichment, 10ul was streaked from each enrichment broth onto

duplicate plates of modified Brilliant Green Agar (BGA) and Xylose Lysine
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Desoxycholate Agar (XLD). These plates were incubated at 37+2°C for 18-24 hours.
Suspect colonies were examined by oxidase test, APl 20E and serology. The

presumptive Salmonella colonies were sent to HPA for confirmation.

2.4.3 Detection of E. coli 0157 (based on ISO 16654)

The E. coli 0157 1SO 16654 was slightly adapted for the main study. One ml MRD
from the bag was added to 9ml Modified Tryptone Soya Broth with novobiocin
(MSTB+N) and incubated at 41.5+1°C for 18-24 hours. The broth was then subjected
to an automatic immunomagnetic separation (IMS) method followed by streaking onto
Cefixime Tellurite Sortibol MacConkey Agar (CT-SMAC), incubated at 37+2°C for 18-
24 hours and onto CHROMagar 0157 incubated at 37+£2°C for 18-24 hours. Suspect
colonies were examined for indole reaction and latex agglutination. Presumptive

colonies were sent to HPA for confirmation.

2.4.4 Detection of Y. enterocolitica (based on ISO 10273)

One ml MRD from the bag was added to 9ml Peptone Sorbitol Bile Salts broth (PSB)
and 1ml to 99ml Irgasan Ticarcillin and Potassium Chlorate (ITC) broth. The PSB
broth was incubated at 22-25°C in a shaking incubator for 72 hours and the ITC at 24-
25°C for 4812 hours. Ten pl of ITC was streaked onto Salmonella Shigella agar with
Sodium Desoxycholate and Calcium Chloride Agar (SSDC) and incubated for a further
46-48 hours at 28-30°C. Ten pl of PSB was streaked onto Cefsulodin, Irgasan and
Novobiocin (CIN) agar and incubated at 28-30°C for 46-48 hours. Also, 0.5ml of PSB
was added to 4.5ml Potassium Hydroxide solution, homogenized for 20+5 seconds
and 10pl was streaked onto CIN agar and then incubated at 28-30°C for 46-48 hours.
Suspect colonies were examined using the oxidase test, Kliglers agar slopes and

API20E. Presumptive Yersinia colonies were sent to the HPA for confirmation.

2.45 Enumeration of E. coli (based on ISO 16649)

One ml of MRD from the bag was added to 9ml of Buffered Peptone Water and further
dilutions were prepared. Approximately 1ml of the homogenate or dilution was
transferred into duplicate sterile petri dishes and between 15 to 20ml of molten
Tryptone Bile Glucuronic (TBX) media (cooled to 45-47°C in the water bath). The

homogenate were carefully mixed with the medium and left to solidify for 15 minutes.
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The plates were incubated at 37+2°C for 4 hours followed by 44+1°C for 18-24 hours.

Typical blue colonies were counted.

2.4.6 Enumeration of S. aureus (based on ISO 6888)

One ml of MRD from the bag was used to produce a dilution series. One hundred pl
of each dilution was spread onto the surface of duplicate Baird Parker agar plates and
then incubated at 37+£2°C for 48+2 hours. Typical colonies were examined by latex
agglutination and for coagulase using rabbit plasma fibrinogen. All positive colonies

were counted.

2.4.7 Enumeration of Listeria spp. and L. monocytogenes (based on I1SO
11290)

One ml of MRD from the bag was used to produce a dilution series. One ml of the

neat broth was spread over 3 plates and 100¢l of each broth dilution spread onto

duplicate plates of PALCAM. Plates were incubated at 37+2°C for 42-48 hours.

Typical colonies were examined by Gram stain, catalase test and MicrobactE Listeria

12L identification system. Presumptive colonies were sent to the HPA for

confirmation.

2.4.8 Enumeration of C. perfringens (based on ISO 7937)

One ml of MRD from the bag was used to produce dilution series. One ml of each
dilution was transferred into separate sterile petri dishes and 15-20ml of molten (45-
47°C) Tryptose Sulphite Cycloserine Agar (TSC) was added to each dish and allowed
to set. Each plate was then overlaid with 10ml of TSC agar, left to set and then
incubated anaerobically at 37£2°C for 20£2 hours. Black colonies were counted and
typical colonies examined using lactose gelatine and motility nitrate medium.

Presumptive Clostridium perfringens colonies were sent to the HPA for confirmation.

2.4.9 Enumeration of Enterobacteriaceae (based on ISO 21528)

One ml of MRD from the bag was used to produce a dilution series. One ml from
each dilution was added to sterile petri dishes and 10ml of molten (45-47°C) Violet
Red Bile Glucose Agar (VRBGA) added to each. Once set, 10-15ml of VRBGA was
added and the plates were incubated at 37£2°C for 24+2 hours. Typical colonies were

counted.
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2.4.10 Enumeration of Enterococcus spp. (based on BSOPID 4)

One ml of MRD from the bag was used to produce a dilution series. One ml from
each dilution was added to sterile petri dishes and molten (45-47°C) KF Streptococcus
agar added to each and allowed to set. The plates were incubated at 36-37°C for 44-
48 hours. Presumptive colonies were examined for Aesculin reaction and using the

Lancefield grouping latex test for Enterococci and Group D Streptococci.

2.5 Microbiological Criteria Regulations

Commission Regulation (EC) No. 2073/2005 on microbiological criteria for foodstuffs
(as amended by Regulation (EC) No. 1441/2007) applies to all food business
operators involved in processing, manufacturing, handling and distribution of food,
including caterers. The Regulation establishes two types of criteria (food safety and
process hygiene) and requires that food business operators take corrective action
when these criteria are not met. The food safety criteria are used to assess the safety
of a product or batch of foodstuffs. If a food safety criterion is not met, this usually
means the food business operator will not be able to place the foodstuff on the market
and/or will need to remove the food from the market and take steps to ensure future
production meets the criteria. In certain circumstances, a recall of the food product
may be required. The process hygiene criteria are used to ensure the production
processes are operating as expected and as required in order to meet safety criteria.
There are process hygiene criteria for beef, pork and lamb carcasses at the
slaughterhouse for Salmonella, Enterobacteriaceae and Aerobic Colony Count®.
There are currently no microbiological criteria regulations for fresh red meat (includes
chilled and frozen cuts of meat not meat preparations), as there is a presumption that
the meat will be cooked before being consumed (i.e. not a ready-to-eat product).
Therefore there is no legal requirement to report the presence or levels of

microorganisms on fresh red meat.

* Further details on the microbiological criteria for the meat industry is available on the Food Standards
Agencyds \Wwphveww.foed.gaviuk/foodindustry/meat/haccpmeatplants/microbiologicalcriteria
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2.6 Quality Assurance (QA) and Quality Control (QC)

The CSL laboratory was accredited by the United Kingdom Accreditation Service
(UKAS) to undertake all the enumeration and detection methods described under
section 2.4. The laboratory also participated in the HPA Food External Quality
Assessment Proficiency Testing Extended scheme (EQA)® which involved rehydrating
and then testing a freeze-dried proficiency samples. Internal Quality Control (IQC)
checks were carried out weekly on all the detection and enumeration methods used,
as well as the media. Further information on the QA/QC for the red meat survey is

available in Appendix C.

2.7 Zoonoses Order 1989

Under the Zoonoses Order 1989° laboratories that isolate Salmonella spp. from
foodstuffs, must provide the animal health authorities with a listing of subtypes found
together with the name of the premises where the meat was purchased. The
Department for Environment Food and Rural Affairs (Defra) were notified of

Salmonella spp. isolated in this survey.

2.8 Data handling and reporting

Data entry (LIMS) throughout the survey was conducted by trained competent staff to
ensure data were both accurate and reliable. Monthly progress reports and the results

of the samples collected to date were submitted to the Agency. Confirmation results

were received from the HPA and entered onto LIMS. The sample details were cross-
checked by Agency staff against the photographs to ensure that the dataset was
accur at e. Further random 06s p ctalsopérferméddyd o f

the Agency and any errors identified in the dataset were investigated.

Any samples found with an insufficient shelf life, damaged packaging, inadequate
photographic records or any other reason were excluded from testing or removed from

the results data spreadsheet (see section 3.2).

® Further information on the scope of the EQA schemes are available at:
http://www.hpa.org.uk/webw/HPAweb&Page&HPAwebAutoListName/Page/1158313434365?p=115831
3434365

® Anon (1989). The Zoonoses Order. S| 1989 No. 285 is available at:
http://www.opsi.gov.uk/si/si1989/Uksi 19890285 en 1.htm
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Two weeks prior to publication of the survey, retail outlets were sent a letter with the
results of the samples taken from their premises. Letters to large chain retailers were
sent letters by the Agency via their relevant Head Office with a list of the premises

from which samples had been obtained.
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3.0 RESULTS

3.1 Approach to statistical analysis

Datafort he UKO6s mar ke meatcdnsummgionavare used to construct a
sampling plan. Data were gathered from the expenditure and food survey report
(Defra 2003) and the red meat market intelligence report (Mintel 2004) which provided
details on the UK retail market share of consumption of red meat according to country
(England, Scotland, Wales and Northern Ireland), meat type (beef, pork or lamb), cut
of meat (roasting joints, steaks and chops) and type of retailer (supermarket and
butchers). Although the sampling broadly reflected the type of red meat on retail sale,
it should not be considered as completely representative of the UK red meat market.
It was also assumed that the market share remained unchanged during the course of

the sampling.

There were some variations in the number of sample types collected during the
survey. To ensure that the results from this study were as representative of the UK as
possible, all the prevalence results were weighted. The original sampling plan was
designed to be as representative as possible, but in some categories, sample sizes
were boosted (samples from Scotland and Northern Ireland) to give greater statistical
validity to sub sample analysis. Weighting was needed to make these categories
representative. This weighting was based on market share data for country of

purchase, meat type and retailer type.

Both univariate and multivariate analysis methods were used to analyse the dataset to
explore whether there were any significant associations between variables, e.g. meat
cut and packaging type. The univariate methods were chi-squared test and t-tests:
these were used for data on the microorganisms with few positives. The multivariate
method used was stepwise forward condition logistic regression. SPSS v15 was the
software used in the analysis. Details of these analyses can be found in the glossary

and in section 3.5.
3.2 Collection and examination of red meat samples in the survey

A total of 6,243 fresh red meat samples were purchased from 1,583 retail outlets (from

large supermarkets and butchers) in the UK between March 2006 and June 2007. Of
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these samples, 245 were deemed unacceptable’ for microbiological testing and were
excluded. Therefore statistical analysis is based on 5,998 samples. The Y.
enterocolitica confirmation test was performed on the first 2,429 samples due to the
high frequency of Yersinia spp. in the samples. The data from the 2,429 samples
were sufficiently robust to perform statistical analysis and to provide a prevalence of Y.

enterocolitica in the red meat samples in the UK.

Loose meats purchased from butchers were included in the analysis, as they were of
particular interest and were tested within 24 hours of sampling. These samples
contained no use by labelling information and it was assumed that they should be
consumed within 2 days of purchase.

The Food Labelling Regulations do not apply to meats sold loose in butchers and
there is no legal requirement to label the bag in which the meat is sold with the use by
date. It was therefore reasonable to expect that some loose samples collected would
not be labelled with the use by date. A similar finding was also reported in the Health
Protection Agencyds 2007 Nor t(HPAR@OB) | oose sl

3.3 Prevalence of microorganisms
All prevalence figures quoted in this report have been weighted according to the
market share data, whilst the number of positive samples is unweighted (actual

number detected). Data on unweightedp r e v a | areavadlable in Appendix H.

For clarity, due to the large volume of data in the report, prevalence figures have been

described in this section without their associated 95% confidence intervals. The 95%
confidence intervals can be found in each of the sub-secti ons® associ at
(Tables 1 - 19).

! Samples were deemed unacceptable if they were delayed during transit or if the sample did not meet
the specific criteria set out in section 2.2.1. At a late stage of data analysis it became apparent that
there were 22 meat samples that should have been excluded from the dataset as they were either not
tested within 2 days of purchase or tested after the use by date. Further analysis confirmed that the
inclusion of these samples had a negligible impact on the microbiological prevalence recorded (see
Appendix J). Therefore it was decided that these samples should remain in the full dataset but detailed
information for these samples (retailer details and product name) have been removed from the publicly
available dataset.
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No statistical analysis is presented in this section as a full statistical analysis is

provided in section 3.5.
3.3.1 Microbiological contamination of red meat at retail sale in the UK
Table 1 summarises the microbiological contamination of red meat on retail sale in the

UK.

Table 1: Microbiological contamination of red meat at retail sale in the UK (n=5,998)

No. of positive Prevalence 95% CI* (%)
samples (%)’ Lower Upper

Campylobacter spp. 21 0.36 0.21 0.51
Salmonella spp. 15 0.24 0.12 0.37
E. coli 0157 1 0.02 0.00 0.05
E. coli 1,970 32.94 31.75 34.13
Listeria spp. 619 10.62 9.84 11.40

L. monocytogenes 185 3.17 2.73 3.62
Y. enterocolitica® 270 10.91 9.67 12.15
C. perfringens 605 9.99 9.23 10.75
S. aureus 423 7.18 6.53 7.84
Enterobacteriaceae 5,752 95.88 95.37 96.38
Enterococcus spp. 2,878 48.15 46.89 49.42

* 95% confidence interval

’, Weighted prevalence

® A total of 270 Y. enterocolitica were detected from 2,429 red meat samples. A further 598 from the remaining
3,569 red meat samples were presumptively positive for Y. enterocolitica but were not confirmed by the HPA.

The prevalence of Campylobacter in the 5,998 samples was 0.36% (n=21) and was
9.99% (n=605) for C. perfringens. The prevalence of Listeria spp. and L.
monocytogenes was 10.62% (n=619) and 3.17% (n=185) respectively. A total of 270
samples of the 2,429 tested were confirmed as being contaminated with Y.
enterocolitica giving a prevalence of 10.91%%. Enterobacteriaceae were detected in
95.88% (n=5,752) of the samples tested but the prevalence of pathogenic
Enterobacteriaceae such as Salmonella and E. coli 0157 was low, 0.24% (n=15) and

0.02% (n=1) respectively.

® Y. enterocolitica was also presumptively detected in a further 598 from the remaining 3,569 samples
but these were not confirmed by the HPA.
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3.3.2 Microbiological contamination of red meat at retail sale in England,
Scotland, Wales and Northern Ireland
Table 2 provides a further breakdown of the microbiological contamination according

to country where the samples were purchased.

Of the 5,998 red meat samples analysed, 4,245 were collected from England, 742
from Scotland, 734 from Northern Ireland and 277 from Wales. The prevalence of
Campylobacter was 0.45% (n=17) in England, 0.14% (n=1) in Scotland, 0.18% (n=3)
in Northern Ireland and was not detected in any samples from Wales. Salmonella was
detected in 0.31% (n=13) of samples purchased in England, 0.38% (n=1) in Wales,
0.06% (n=1) in Northern Ireland and was not detected in any samples purchased from
Scotland. E. coli O157 was not detected in Scotland, Wales and Northern Ireland
whilst 1 (0.02%) sample purchased from England was positive. The prevalence of
Listeria spp. was 11.32% (n=473) in England, 7.87% (n=58) in Scotland, 11.08%
(n=28) in Wales and 9.16% (n=60) in Northern Ireland. L. monocytogenes was
detected in 3.43% of samples (n=141) in England, 1.52% (n=12) in Scotland, 5.30%
(n=12) in Wales and 2.60% (n=20) in Northern Ireland. C. perfringens was detected in
10.63% (n=452) of meat purchased from England, 15.27% (n=43) in Wales, 7.74%
(n=59) in Scotland and 6.54% (n=51) in Northern Ireland. Y. enterocolitica was
confirmed in 11.08% (n=209) samples brought from England, 7.69% (n=22) from
Scotland, 15.08% (n=18) from Wales and 11.20% (n=21) from Northern Ireland.
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Table 2:  Microbiological contamination of red meat at retail sale in England, Scotland, Wales and Northern Ireland

England (n=4,245) Scotland (n=742) Wales (n=277) Northern Ireland (n = 734)

Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%) Lower Upper | (n) (%)’ Lower  Upper (n) (%) Lower  Upper (n) (%)’ Lower  Upper
Campylobacter spp. 17 0.45 0.25 0.65 1 0.14 0.00 0.40 0 0.00 0.00 1.08 3 0.18 0.00 0.48
Salmonella spp. 13 0.31 0.14 0.47 0 0.00 0.00 0.40 1 0.38 0.00 1.10 1 0.06 0.00 0.23
E. coli 0157 1 0.02 0.00 0.07 0 0.00 0.00 0.40 0 0.00 0.00 1.08 0 0.00 0.00 0.41
E. coli 1,456 34.59 33.16 36.02 | 252 34.49 31.07 37.92 88 32.05 26.56 37.55 174 2214 19.14 25.15
Listeria spp. 473 11.32 10.37 12.28 58 7.87 5.93 9.80 28 11.08 7.38 14.78 60 9.16 7.07 11.25
L. monocytogenes 141 3.43 2.88 3.97 12 1.52 0.64 2.40 12 5.30 2.66 7.93 20 2.60 1.45 3.75
Y. enterocolitica® 209 11.08 9.65 12.52 22 7.69 4.54 10.85 18 15.08 8.74  21.43 21 11.20 6.74 15.66
C. perfringens 452 10.63 9.71  11.56 59 7.74 5.82 9.67 43 15.27 11.03 19.50 51 6.54 4.75 8.32
S. aureus 311 7.56 6.76 8.35 56 7.69 5.77 9.60 18 6.46 3.57 9.36 38 4.79 3.25 6.34
Enterobacteriaceae 4,095 96.42 95.86 96.98 | 703 9480 93.21 96.40 | 273 98.37 96.88 99.86 681 92.88 91.02 94.74
Enterococcus spp. 2,111 4951 48.01 51.01| 366 49.40 45.81 53.00 | 137 49.21 43.32 55.10 264 38.62 35.10 42.15

* 95% confidence interval
>, Weighted prevalence

® Y. enterocolitica confirmed from 1,847 red meat samples purchased from England, 271 from Scotland, 122 from Wales and 188 from Northern Ireland.

Table 3:  Microbiological contamination of different red meat types in the UK
Beef (n=3,249) Pork (n=1,693) Lamb (n=1,056)
Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower  Upper (n) (%)’ Lower  Upper (n) (%)’ Lower Upper
Campylobacter spp. 4 0.13 0.00 0.25 10 0.46 0.14 0.78 7 0.92 0.34 1.49
Salmonella spp. 6 0.18 0.04 0.33 9 0.51 0.17 0.84 0 0.00 0.00 0.28
E. coli 0157 1 0.03 0.00 0.09 0 0.00 0.00 0.18 0 0.00 0.00 0.28
E. coli 1,111 34.22 32.59 35.85 626 36.40 34.10 38.69 | 233 2344  20.88 25.99
Listeria spp. 353 10.88 9.81 11.95 187 1154 10.02 13.07 79 8.34 6.67 10.00
L. monocytogenes 105 3.42 2.63 3.85 47 2.66 1.89 3.42 33 3.80 2.64 4,95
Y. enterocolitica® 142 12.09 10.22 13.45 60 9.16 6.97 11.36 68  10.55 8.08 13.02
C. perfringens 489 1501 13.78 16.24 61 3.34 2.49 4.20 55 5.20 3.86 6.54
S. aureus 181 5.58 4.79 6.37 191 11.27 9.77 12.78 51 5.55 4.17 6.93
Enterobacteriaceae 3,117 95.97 95.29 96.64 | 1,648 97.33 96.56 98.10 | 987 93.27 91.76 94.78
Enterococcus spp. 1,536 47.14 4542 48.86 894 5491 5254 57.28 | 448  40.43 37.47 43.39

* 959% confidence interval
’, Weighted prevalence

® Y. enterocolitica confirmed from 1,174 beef, 654 pork and 601 lamb samples tested
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3.3.3 Microbiological contamination of different red meat types in the UK
Table 3 provides details of the microbiological contamination of the different meat types

examined in this survey.

Of the 3,249 beef samples tested, 4 (0.13%) were positive for Campylobacter and
Salmonella was detected in 6 (0.18%). E. coli O157 was detected in 1 sample giving a
prevalence of 0.03%. Listeria spp. was detected in 353 beef samples giving a
prevalence of 10.88%, whereas L. monocytogenes was detected in 105 samples
(3.42%). C. perfringens was found to be higher in beef than other meat types and was
detected in 489 samples giving a prevalence of 15.01%. Of the 1,174 beef samples

tested for Y. enterocolitica, 142 samples were positive giving a prevalence of 12.09%.

Of the 1,693 pork samples tested, 10 (0.46%) were positive for Campylobacter.
Salmonella was present in 9 (0.51%) whilst no E. coli 0157 was detected. Listeria spp.
was detected in 187 of the pork samples giving a prevalence of 11.54%, whereas L.
monocytogenes was detected in 47 samples (2.66%). C. perfringens was detected in
61 pork samples resulting in a prevalence of 3.34%. Of the 654 pork samples tested for

Y. enterocolitica, 60 were positive giving a prevalence of 9.16% for pork.

Of the 1,056 lamb samples tested, 7 (0.92%) were positive for Campylobacter but no
Salmonella or E. coli O157 were detected. Listeria spp. was detected in 79 of the lamb
samples giving a prevalence of 8.34%, whereas L. monocytogenes was detected in 33
(3.80%). C. perfringens was detected in 55 lamb samples, giving a prevalence of
5.20%. Of the 601 lamb samples tested for Y. enterocolitica, 68 samples were positive

giving a prevalence of 10.55% for this meat type.

3.3.4 Microbiological contamination of different red meat types in England,
Scotland, Wales and Northern Ireland

The prevalence of microorganisms on the different types of red meat in England,

Scotland, Wales and Northern Ireland was also examined in this study and the results

are provided in Tables 4, 5, 6 and 7.
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Table 4:

Microbiological

contamination of different red meat types in England

Beef (n=2,300)

Pork (n=1,199)

Lamb (n=746)

Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower  Upper (n) (%)’ Lower  Upper (n) (%)’ Lower  Upper
Campylobacter spp. 3 0.13 0.00 0.28 7 0.54 0.13 0.96 7 1.30 0.48 2.11
Salmonella spp. 6 0.26 0.05 0.47 7 0.59 0.16 10.3 0 0.00 0.00 0.40
E. coli 0157 1 0.04 0.00 0.13 0 0.00 0.00 0.25 0 0.00 0.00 0.40
E. coli 836 36.37 34.40 38.34 447 37.28 34.54 40.02 173 24.77 21.67 27.87
Listeria spp. 278 12.11 10.77 13.44 135 11.32 9.53 13.11 60 8.92 6.87 10.96
L. monocytogenes 83 3.62 2.86 4.39 35 2.89 1.94 3.84 23 3.68 2.33 5.03
Y. enterocolitica® 103 11.79 9.65 13.93 51 10.19 7.56 12.83 55 10.72 7.90 13.54
C. perfringens 370 16.05 14.55 17.55 43 3.51 2.47 4.56 39 5.37 3.76 6.99
S. aureus 138 6.01 5.04 6.98 136 11.42 9.62 13.22 37 6.10 4.38 7.82
Enterobacteriaceae 2,225 96.79 96.06 97.51 1,166 97.27 96.34 98.19 704  93.95 92.24 95.66
Enterococcus spp. 1,128 48.92 46.88 50.96 656 55.59 52.77 58.40 327 41.56 38.03 45.10

* 95% confidence interval
>, Weighted prevalence

® Y. enterocolitica confirmed from 872 beef, 503 pork and 472 lamb samples purchased in England

Table 5:  Microbiological contamination of different red meat types in Scotland
Beef (n=402) Pork (n=210) Lamb (n=130)

Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%)’ Lower Upper (n) (%)’ Lower Upper
Campylobacter spp. 1 0.25 0.00 0.75 0 0.00 0.00 1.42 0 0.00 0.00 2.28
Salmonella spp. 0 0.00 0.00 0.74 0 0.00 0.00 1.42 0 0.00 0.00 2.28
E. coli 0157 0 0.00 0.00 0.74 0 0.00 0.00 1.42 0 0.00 0.00 2.28
E. coli 131 32.65 28.07 37.24 91 43.68 36.97 50.39 30 25.36 17.88 32.83
Listeria spp. 29 7.20 4.67 9.73 19 9.33 5.39 13.26 10 7.57 3.02 12.12
L. monocytogenes 5 123 0.15 2.31 4 1.58 0.00 3.27 3 232 0.00 491
Y. enterocolitica® 15 10.40 5.40 15.41 2 3.21 0.00 7.31 5 6.54 0.26 12.82
C. perfringens 45 11.10 8.03 14.17 5 2.12 0.17 4.07 9 644 2.22 10.66
S. aureus 21 5.25 3.07 7.43 29 14.56 9.79 19.33 6 412 8.70 7.54
Enterobacteriaceae 378 94.01 91.69 96.33 206 97.83 95.86 99.80 119 92.36 87.79 96.93
Enterococcus spp. 196 48.56 43.67 54.44 117 58.38 51.71 96.05 53 37.53 29.21 45.85

*, 95% confidence interval
’, Weighted prevalence

® Y. enterocolitica confirmed from 143 beef, 71 pork and 57 lamb samples purchased from Scotland
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Of the 4,245 samples purchased in England, 2,300 were beef, 1,199 pork and 746 lamb
(Table 4). The prevalence of Campylobacter was 0.13% (n=3) for beef, 0.54% (n=7) for
pork and 1.30% (n=7) for lamb. E. coli O157 was only detected in 1 beef sample
(0.04%). Salmonella was present in 0.26% (n=6) of beef and 0.59% (n=7) of pork
samples tested but was not detected in lamb. The prevalence of Listeria spp. was
12.11% (n=278) for beef, 11.32% (n=135) for pork and 8.92% (n=60) for lamb. The
prevalence of L. monocytogenes for beef, pork and lamb was 3.62% (n=83), 2.89%
(n=35) and 3.68% (n=23) respectively. The prevalence of C. perfringens for beef was
16.05% (n=370), 3.51% (n=43) for pork and 5.37% (n=39) for lamb. The prevalence of
Y. enterocolitica in samples purchased from England was 11.79% (n=103) for beef,
10.19% (n=51) for pork and 10.72% (n=55) for lamb.

A total of 402 beef, 210 pork and 130 lamb samples were purchased in Scotland (Table
5). Campylobacter was detected in 1 (0.25%) beef sample but was not found in pork or
lamb. Salmonella and E. coli O157 was not detected in any meat samples purchased in
Scotland. Listeria spp. was present in 7.20% (n=29) of beef, 9.33% (n=19) of pork and
7.57% (n=10) of lamb samples. L. monocytogenes was detected in 1.23% (n=5) of
beef, 1.58% (n=4) of pork and 2.32% (n=3) of lamb samples. C. perfringens was found
in 11.10% (n=45) of beef, 2.12% (n=5) in pork and 6.44% (n=9) in lamb samples. Y.
enterocolitica was also detected in 10.40% (n=15) beef, 3.21% (n=2) pork and 6.54%

(n=5) lamb samples.

During this survey, 148 beef, 77 pork and 52 lamb samples were collected in Wales
(Table 6). Campylobacter and E. coli O157 were not detected in any meat samples
purchased from Wales. Salmonella was found in only 1 (1.36%) beef sample. The
prevalence of Listeria spp. was 12.16% (n=18) for beef, 7.71% (n=6) for pork and
12.99% (n=4) for lamb whereas L. monocytogenes prevalence was 4.05% (n=6) for
beef, 2.49% (n=2) for pork and 12.99% (n=4) for lamb. The prevalence of C.
perfringens was 23.65%; (n=35) for beef, 7.47% (n=6) for pork and 2.96% (n=2) for
lamb. Y. enterocolitica was also detected in all meat types (17.45%; n=11 beef,
13.82%; n=4 pork and 11.23%; n=3 lamb).
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Table 6:  Microbiological contamination of different red meat types in Wales
Beef (n=148) Pork (n=77) Lamb (n=52)
Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%) Lower  Upper (n) (%)’ Lower Upper
Campylobacter spp. 0 0.00 0.00 2.00 0 0.00 0.00 3.82 0 0.00 0.00 5.60
Salmonella spp. 0 0.00 0.00 2.00 1 1.36 0.00 3.95 0 0.00 0.00 5.60
E. coli 0157 0 0.00 0.00 2.00 0 0.00 0.00 3.82 0 0.00 0.00 5.60
E. coli 47  31.75 24.25 39.25 26 33.31 22.78 43.84 15 31.05 18.48 43.63
Listeria spp. 18 12.16 6.90 17.43 6 7.71 1.75 13.66 4 12.99 3.85 22.13
L. monocytogenes 6 4.05 0.88 7.23 2 2.49 0.00 5.97 4 12.99 3.85 22.13
Y. enterocolitica® 11 17.45 8.08 26.82 4 13.82 1.55 26.09 3 11.23 0.00 22.76
C. perfringens 35 23.65 16.81 30.50 6 7.47 1.59 13.34 2 2.96 0.00 7.57
S. aureus 7 4.73 1.31 8.15 10 13.16 5.61 20.71 1 1.48 0.00 4.76
Enterobacteriaceae 147  99.32 98.00 100.64 76 98.64 96.05 101.23 50 95.27 89.50 101.04
Enterococcus spp. 76 51.36 43.31 59.42 41 54.73 43.61 65.85 20 34.93 21.97 47.89
* 95% confidence interval
>, Weighted prevalence
® Y. enterocolitica confirmed from 63 beef, 30 pork and 29 lamb samples purchased in Wales
Table 7:  Microbiological contamination of different red meat types in Northern Ireland
Beef (n=399) Pork (n=207) Lamb (n=128)
Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%)’ Lower Upper (n) (%)’ Lower Upper
Campylobacter spp. 0 0.00 0.00 0.75 3 063 0.00 1.70 0 0.00 0.00 2.31
Salmonella spp. 0 0.00 0.00 0.75 1 021 0.00 0.83 0 0.00 0.00 2.31
E. coli 0157 0 0.00 0.00 0.75 0 0.00 0.00 1.44 0 0.00 0.00 2.31
E. coli 97 24.33 20.12 28.54 62 25.03 19.13 30.93 15 10.66 5.31 16.00
Listeria spp. 28 7.06 4.55 9.57 27 16.51 11.45 21.57 5 3.83 0.51 7.16
L. monocytogenes 11 2.78 1.17 4.39 6 246 0.35 4.57 3 2.24 0.00 4.81
Y. enterocolitica® 13 13.75 6.81 20.68 3 471 0.00 10.35 5 13.73 3.51 23.95
C. perfringens 39 9.72 6.82 12.63 7 207 0.13 4.00 5 3.83 0.51 7.16
S. aureus 15 3.77 1.90 5.64 16 6.36 3.04 9.69 7 5.42 1.50 9.34
Enterobacteriaceae 367 91.99 89.32 94.65 200 96.73 94.30 99.15 114  89.44 84.11 94.76
Enterococcus spp. 135 33.91 29.26 38.55 80 47.50 40.70 54.31 48  38.97 30.52 47.42

*, 95% confidence interval
’, Weighted prevalence

® Y. enterocolitica confirmed from 95 beef, 50 pork and 43 lamb samples purchased from Northern Ireland
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A total of 399 beef, 207 pork and 128 lamb samples were sampled from Northern
Ireland (Table 7). The prevalence of Campylobacter and Salmonella in pork was 0.63%
(n=3) and 0.21% (n=1) respectively. Campylobacter and Salmonella was not present in
beef or lamb and E. coli 0157 was not detected from any meat samples sampled from
Northern Ireland. The prevalence of Listeria spp. in beef was 7.06% (n=28), 16.51%
(n=27) in pork and 3.83% (n=5) in lamb. The prevalence of L. monocytogenes in beef
was 2.78% (n=11), 2.46% (n=6) in pork and 2.24% (n=3) in lamb. The prevalence of C.
perfringens in beef was 9.72% (n=39), 2.07% (n=7) in pork and 3.83% (n=5) in lamb.
The prevalence of Y. enterocolitica for beef was 13.75% (n=13), 4.71% (n=3) for pork
and 13.73% (n=5) for lamb sampled.

3.3.5 Microbiological contamination of different cuts of red meat in the UK
The microbiological contamination of different cuts of red meat was investigated to
examine whether there was a difference between the microorganisms present on

roasting joints and steaks/chops. The results are provided in Table 8 below.

Table 8: Microbiological contamination of different cuts of red meat in the UK

All roasting joints (n=2,511) All steaks/chops (n=3,487)

Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%)’ Lower Upper
Campylobacter spp. 10 0.47 0.20 0.73 11 0.28 0.11 0.46
Salmonella spp. 7 0.26 0.06 0.46 8 0.23 0.07 0.39
E. coli 0157 1 0.04 0.00 0.12 0 0.00 0.00 0.09
E. coli 1,038 41.69 39.75 43.62 932 26.71 25.24 28.17
Listeria spp. 348 14.40 13.03 15.78 271 7.93 7.03 8.83
L. monocytogenes 98 4.03 3.26 4.80 87 2.57 2.04 3.09
Y. enterocolitica® 122 11.23 9.33 13.13 148 10.66 9.03 12.30
C. perfringens 348 13.83 12.47 15.18 257 7.26 6.40 8.12
S. aureus 224 9.10 7.97 10.23 199 5.82 5.04 6.59
Enterobacteriaceae 2,422 96.41 95.68 97.14 3,330 95.50 94.81 96.18
Enterococcus spp. 1,331 53.00 51.04 54.96 1,547 44.70 43.05 46.34

*, 95% confidence interval
’, Weighted prevalence
® Y. enterocolitica confirmed in 1,071 roasting joints and 1,357 steaks/chops tested

A total of 2,511 roasting joints and 3,487 steaks/chops were sampled in this survey.
Campylobacter was detected in 0.47% (n=10) of roasting joints and 0.28% (n=11) of
steak/chop samples. Salmonella was detected in both roasting joints (0.26%; n=7) and
steaks/chops (0.23%, n=8), whereas E. coli O157 was only detected in 0.04% (n=1)

roasting samples. The prevalence of Listeria spp. was 14.40% (n=348) for roasting
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joints and 7.93% (n=271) for steaks/chops whilst L. monocytogenes was detected in
4.03% (n=98) of roasting joints and 2.57% (n=87) of steaks/chops. Y. enterocolitica was
found to be more prevalent in roasting joints (11.23%; n=122) than in steaks/chops
(10.66%; n=148). The prevalence of C. perfringens was 13.83% (n=348) for roasting
joints and 7.26% (n=257) for steaks/chops.

3.3.6  Microbiological contamination of different cuts of red meat in the UK -
with and without bone
The summarised results for cuts of red meat (Table 9) was further split into roasting

joints and steaks/chops with bone and those without.

Of the 2,511 roasting joint samples analysed, 2,108 were boneless and 403 contained
bones. Of the 3,487 steaks/chops collected, 2,732 did not contain bones whilst 755
steaks/chops did. The prevalence of Campylobacter in meat cuts containing bones was
1.69% (n=5) for roasting joints and 0.97% (n=8) for steaks/chops. Campylobacter was
also present in boneless meat cuts with a prevalence of 0.23% (n=5) for roasting joints
and 0.09% (n=3) for steaks/chops. In roasting joints without bone, the prevalence of
Salmonella was 0.27% (n=6) compared to 0.23% (n=1) for joints containing bones.
Salmonella was also detected in 0.27% (n=2) steaks/chops with bone and 0.22% (n=6)
in steaks/chops without bone. E. coli O157 was only detected in 1 (0.05%) boneless
roasting joint sample. Listeria was detected in 14.97% (n=307) of roasting joints without
bone, 11.39% (n=41) roasting joints containing bone, in 7.72% (n=208) steaks/chops
without bone and in 8.66% (n=63) of steaks/chops with bone. L. monocytogenes was
detected in boneless roasting joints (3.93%; n=83), roasting joints containing bone
(4.53%; n=15), boneless steaks/chops (2.43%; n=66) and also in steaks/chops with
bone (3.04%; n=21). C. perfringens was detected in 14.85% (n=312) of boneless
roasting joints, in 8.42% (n=36) roasting joints with bone, in 8.59% (n=236) boneless
steaks/chops and in 2.57% (n=21) steaks/chops with bone. For boneless roasting joints
the prevalence of Y. enterocolitica was 11.34% (n=102), 10.64% (n=20) for those
containing bones, 10.25% (n=109) for boneless steaks/chops and 12.00% (n=39) for
steaks/chops with bone.
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Table 9:

Microbiological contamination of different cuts of red meat in the UK - with and without bone

Roasting joints without bone
(n=2,108)

Roasting joints with bone
(n=403)

Steaks/chops without bone
(n=2,732)

Steaks/chops with bone
(n=755)

Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%) Lower Upper | (n) (%) Lower Upper | (n) (%) Lower Upper | (n) (%)’ Lower Upper
Campylobacter spp. 5 0.23 0.03 0.44 5 1.69 0.42 2.96 3 0.09 0.00 0.20 8 0.97 0.28 1.66
Salmonella spp. 6 0.27 0.05 0.49 1 023 0.00 0.71 6 0.22 0.04 0.39 2 027 0.00 0.63
E. coli 0157 1 0.05 0.00 0.14 0 0.00 0.00 0.75 0 0.00 0.00 0.11 0 0.00 0.00 0.39
E. coli 917 43.76 4164 4588 | 121 30.76 26.22 35.30 751 2751 2583 29.18| 181 23.87 20.87 26.87
Listeria spp. 307 1497 13.45 16.50 41 11.39 8.29 14.49 208 7.72 6.72 8.72 63 8.66 6.65 10.67
L. monocytogenes 83 3.93 3.10 4.76 15 453 2.50 6.56 66 2.43 1.85 3.01 21 3.04 1.81 4.26
Y. enterocolitica® 102 11.34 9.26 1342 20 10.64 597 15.32 109 10.25 8.41 12.09 39 12.00 8.46 15.55
C. perfringens 312 1485 13.88 16.37 36 8.42 569 11.15 236  8.59 7.53 9.64 21 2.57 1.45 3.68
S. aureus 201 9.54 8.29 10.80 23  6.76 4.29 9.22 154  5.70 4.83 6.57 45 6.23 453 7.94
Enterobacteriaceae 2,045 96.96 96.23 97.70 | 377 93.50 91.08 9593|2614 9574 9498 9650 | 716 94.65 93.06 96.23
Enterococcus spp. 1,160 55.39 53.26 5752 | 171 4041 3559 4524 | 1,241 4591 4404 47.78 | 306 40.41 36.95 43.87

* 95% confidence interval
>, Weighted prevalence

® Y. enterocolitica confirmed from 894 roasting joints without bone, 177 roasting joints with bone, 1,047 steaks/chops without bone and 310 steaks/chops with bone

48



3.3.7 Microbiological contamination on red meat according to type of retailer

Table 10 provides a breakdown of prevalence according to the retailer type.

Of the 5,998 samples of red meat tested, 4,131 were taken from large supermarkets
whilst the remaining 1,867 were sampled from butchers. The prevalence of
Campylobacter in samples purchased at butchers and supermarkets was 1.10% (n=20)
and 0.02% (n=1) respectively. Salmonella was detected in 12 meat samples purchased
from supermarkets giving a prevalence of 0.30%. A further 3 meat samples from
butchers were also positive for Salmonella giving a prevalence of 0.13%. E. coli 0157
was only detected in 1 sample, brought from a supermarket, giving a prevalence of
0.02%. Listeria spp. was detected in 10.06% (n=405) of supermarket meats and
11.85% (n=214) of meat purchased from butchers, whereas the prevalence of L.
monocytogenes was 2.28% (n=94) for supermarket brought meat and 5.13% (n=91) for
meat from butchers. The prevalence of C. perfringens was 11.42% (n=477) for meat
from supermarkets compared 6.86% (n=128) for meat from butchers. The prevalence of
Y. enterocolitica was 12.23% (n=226) for samples purchased from supermarkets and

7.22% (n=44) for meats from butchers.

Table 10: Microbiological contamination of red meat according to retailer type

Supermarket® (n=4,131) Butchers (n=1,867)

Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%)’ Lower Upper
Campylobacter spp. 1 0.02 0.00 0.06 20 1.10 0.63 1.57
Salmonella spp. 12 0.30 0.13 0.46 3 0.13 0.00 0.29
E. coli 0157 1 0.02 0.00 0.07 0 0.00 0.00 0.16
E. coli 1,295 31.55 30.13 32.97 675 35.97 33.80 38.14
Listeria spp. 405 10.06 9.14 10.98 214 11.85 10.38 13.31
L. monocytogenes 94 2.28 1.83 2.74 91 5.13 413 6.13
Y. enterocolitica® 226 12.23 10.71 13.75 44 7.22 5.22 9.23
C. perfringens 477 11.42 10.45 12.39 128 6.86 5.72 8.00
S. aureus 277 6.88 6.11 7.65 146 7.84 6.63 9.06
Enterobacteriaceae 3,971 96.19 95.60 96.77 1,781 95.20 94.23 96.16
Enterococcus spp. 2,396 58.30 56.79 59.81 482 25.95 23.97 27.93

®, Some larger supermarkets had in-store butchers

* 959% confidence interval

’, Weighted prevalence

® Y. enterocolitica confirmed in 1,828 samples brought from supermarkets and 600 purchased from butchers
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3.3.8  Microbiological contamination of red meat according to production type
Table 11 summarises the microbiological contamination of meat according to the type of

farming production.

The production method was not stated on the packaging for 5,758 samples. Therefore it
was assumed that these samples were farmed using standard farming production
methods rather than free-range or organic ones. A total of 234 organic and free-range
meat samples were tested during the survey. Six kosher meat samples were also
tested but results from these were not statistically analysed due to the low numbers
sampled. The prevalence of Campylobacter, Salmonella and E. coli 0157 was 0.37%
(n=21), 0.25% (n=15) and 0.02% (n=1) for meat samples produced by standard farming
methods. These microorganisms were not detected in organic and free-range meats.
The prevalence of L. monocytogenes was higher in meats farmed using standard
methods (3.27%; n=183) compared to organic and free-range meat samples (0.88%;
n=2). The prevalence of C. perfringens was 10.02% (n=583) for standard produced
meats and 9.17% (n=21) for organic and free-range meats. Y. enterocolitica was also
prevalent in the organic and free-range meats sampled (12.43%; n=13) and meats

samples produced using standard methods (10.87%; n=257).

Table 11: Microbiological contamination of red meat according to production type

Organic and free-range meat Not Specified®
(n=234) (n=5,758)

Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%)’ Lower Upper
Campylobacter spp. 0 0.00 0.00 1.31 21 0.37 0.22 0.53
Salmonella spp. 0 0.00 0.00 1.31 15 0.25 0.12 0.38
E. coli 0157 0 0.00 0.00 1.31 1 0.02 0.00 0.05
E. coli 57 24.84 19.22 30.47 1,912 33.28 32.06 34.49
Listeria spp. 17 7.44 4.08 10.80 602 10.76 9.96 11.56
L. monocytogenes 2 0.88 0.00 2.07 183 3.27 2.81 3.73
Y. enterocolitica® 13 12.43 6.07 18.78 257 10.87 9.60 12.14
C. perfringens 21 9.17 5.41 12.93 583 10.02 9.24 10.79
S. aureus 12 5.09 2.22 7.95 409 7.23 6.56 7.90
Enterobacteriaceae 216 92.13 88.63 95.64 5,531 96.05 95.54 96.55
Enterococcus spp. 135 58.21 51.79 64.64 2,741 47.77 46.48 49.06

® The production type was not specified for the majority of the meats tested however it was assumed that these
meats were farmed using standard production methods

* 959% confidence interval

’, Weighted prevalence

® Y. enterocolitica confirmed in 107 organic/free-range meats and 2,316 samples where the farming production type
was not stated on the packaging
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3.3.9 Microbiological contamination of red meat according to packaging type
Table 12 summarises the prevalence of microorganisms in the samples according to the

packing type.

Of the 5,998 samples sampled during this survey, 3,171 were packed in a protective
atmosphere, 1,601 were loosely packed, 747 were clingfilm wrapped with a tray and 383
were vacuumed packed. There was also a further 96 samples where the packaging
type was not specified. Campylobacter was found to be more prevalent in vacuum
(1.12%; n=4) and loosely (1.02%; n=16) packed meats than clingfilm wrapped samples
(0.11%; n=1) and was not detected in any meat samples packed in a protective
atmosphere. The prevalence of Salmonella was 0.29% (n=9) for protective atmosphere
packed meats, 0.77% (n=3) for vacuum packed, 0.13% (n=1) for clingfilm wrapped
meats and 0.09% (n=2) for loose meat samples, whereas E. coli O157 was only
detected in 1 (0.13%) clingfilm wrapped meat sample. The prevalence of L.
monocytogenes was 1.95% (n=62) for protective atmosphere packed meats, 6.30%
(n=22) for vacuum packed, 3.37% (n=25) for clingfilm wrapped and 4.68% (n=72) for
loosely packed meat samples. Y. enterocolitica was present in 11.74% (n=170) of
meats packed in a protective atmosphere, in 9.32% (n=9) of vacuum packed meats,
14.86% (n=44) of clingfilm wrapped samples and in 7.04% (n=37) of loosely packed
meats. C. perfringens was present in 10.34% (n=331) of protective atmosphere packed
meats, in 16.24% (n=63) of vacuum packed meats, in 13.68% (n=104) of clingfilm

wrapped meats and 6.66% (n=107) in loosely packed meats.
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Table 12:

Microbiological contamination of red meat according to packaging type

Packed in a Protective Vacuum Packed Clingfilm with Tray Loose Not Stated
Atmosphere (n=383) (n=747) (n=1,601) (n=96)"
(n=3,171)

Prevalence 95% CI* (%) Prevalence  95% CI* (%) Prevalence  95% CI* (%) Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%) Lower Upper [ (n) (%) Lower Upper | (n) (%) Lower Upper (n) (%) Lower Upper | (n) (%) Lower Upper
Campylobacter spp. 0 0.00 0.00 0.09 4 112 0.07 2.17 1 o011 0.00 0.35 16 1.02 0.53 1.51 0 0.00 0.00 3.12
Salmonella spp. 9 029 0.10 0.48 3 077 0.00 1.64 1 013 0.00 0.39 2 0.09 0.00 0.24 0 0.00 0.00 3.12
E. coli 0157 0 0.00 0.00 0.09 0 0.00 0.00 0.77 1 013 0.00 0.39 0 0.00 0.00 0.19 0 0.00 0.00 3.12
E. coli 945 29.99 2839 3158|185 48.34 4336 53.32|273 36.41 3297 39.85 549 3421 3189 36.53| 18 19.33 11.37 27.29
Listeria spp. 286 9.24 824 1025 | 69 1897 15.04 2290 | 84 11.64 9.34 13.94 173 11.02 9.49 12.56 7 755 227 1284
L. monocytogenes 62 1.95 1.47 2.43 22 6.30 3.87 8.73 25 3.37 2.08 4.67 72 4.68 3.64 5.71 4 4.33 0.26 8.40
Y. enterocolitica® 170 11.74 10.06 13.43 9 9.32 3.70 14.94 44 1486 10.73 19.00 37 7.04 4.90 9.18 | 10 10.92 4.46 17.37
C. perfringens 331 10.34 9.28 11.40 63 16.24 1256 1991 | 104 13.68 11.22 16.14 107 6.66 5.44 7.88 0 0.00 0.00 3.12
S. aureus 215 6.96 6.07 7.85 30 7.55 491 10.18 47 6.44 4.68 8.19 121 7.67 6.37 897 | 10 10.85 4.58 17.12
Enterobacteriaceae 3,045 96.16 9549 96.83 | 371 96.81 95.06 9856 | 716 9552 94.04 97.00| 1,525 95.08 94.02 96.14 | 95 98.95 96.89 101.00
Enterococcus spp. 2,106 66.80 65.16 68.44 | 180 45.74 40.77 50.71 | 140 19.09 16.28 21.91 419 26.39 2424 2855 | 33 3531 25.68 44.94

" There were a number of samples which appeared to be packed in a protective atmosphere; however this was not labelled on the packing. Therefore these products were recorded as not stated
* 95% confidence interval

’, Weighted prevalence

® Y. enterocolitica confirmed in 1,828 samples brought from supermarkets and 600 purchased from butchers
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3.3.10 Microbiological contamination of red meat produced in the United
Kingdom and the Republic of Ireland
The red meat samples reported on in this survey covered a wide range of different
countries of origin (16 countries) often with fewer than 10 samples collected from each
country. This limited the analysis of country of origin was due to small data sets for
each country. The sampling plan was not designed to be representative of any
countryos red me andthiswvapable was rotancladaden thiskanalysis.
Table 13 gives a breakdown of contamination in meats produced in the UK and

Republic of Ireland (which is also not representative of their red meat industry).

Table 13: Microbiological contamination of meat produced in the UK and Republic of Ireland

United Kingdom Republic of Ireland
(n=5,036) (n=417)

Prevalence 95% CI* (%) Prevalence 95% CI* (%)
(n) (%)’ Lower Upper (n) (%)’ Lower Upper
Campylobacter spp. 21 0.43 0.25 0.61 0 0.00 0.00 0.74
Salmonella spp. 13 0.25 0.11 0.39 2 0.49 0.00 1.17
E. coli 0157 1 0.02 0.00 0.06 0 0.00 0.00 0.74
E. coli 1,774 35.32 34.00 36.64 109 26.17 21.89 30.46
Listeria spp. 528 10.79 9.93 11.64 51 12.37 9.21 15.53
L. monocytogenes 151 3.07 2.59 3.55 13 3.02 1.38 4.66
Y. enterocolitica® 221 10.65 9.31 12.00 15 10.57 5.50 15.64
C. perfringens 540 10.64 9.78 11.49 51 12.38 9.17 15.59
S. aureus 372 7.55 6.82 8.28 17 3.75 1.90 5.60
Enterobacteriaceae 4,840 96.07 95.53 96.60 397 95.44 93.41 97.47
Enterococcus spp. 2,358 47.01 45.63 48.39 254 62.03 57.30 66.75

* 95% confidence interval

’, Weighted prevalence

® Y. enterocolitica confirmed in 2,429 meat samples of which 2,028 were from the United Kingdom and 141 were
from the Republic of Ireland. The remaining 260 samples originated from other countries but were not analysed
due to the low numbers collected which were not representative of the market share

Five thousand and thirty six meat samples tested during this survey originated from
the UK with a further 417 being produced in the Republic of Ireland. The prevalence of
Campylobacter was 0.43% (n=21) in meat produced in the UK, but was not detected
in meats from the Republic of Ireland. Meat produced in the Republic of Ireland had a
higher prevalence of Salmonella (0.49%; n=2) compared to meat produced in the UK
(0.25%, n=13). E. coli 0157 was detected in only 1 (0.02%) meat sample produced in
the UK. The prevalence of C. perfringens and Y. enterocolitica for meat produced in
the UK was 10.64% (n=540) and 10.65% (n=221) respectively, compared to 12.38%
(n=51) and 10.57% (n=15) for meat from the Republic of Ireland. The prevalence of
Listeria spp. was 10.79% (n=528) for meats produced in the UK and 12.37% (n=51)
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for meats produced in the Republic of Ireland. The prevalence of L. monocytogenes
was 3.07% (n=151) in meat produced in the UK and 3.02% (n=13) in meat from the
Republic of Ireland.

3.3.11 Microbiological contamination of red meat with added ingredients

Although the remit was to sample fresh red meats only, a few products which
contained added ingredients were also collated. These included meat samples which
contained added basting fats, water, salt and glucose. A comparison of these meats
with fresh meats with no additional ingredients generally showed that there was no
difference in microbiological contamination. These findings are provided in Table 44

in Appendix K.

3.3.12 Microbiological contamination of red meat by season

The microbiological contamination detected on the red meat samples according to the
season the meat sample was purchased was also investigated. Further details are
available in Appendix L. Logistic regression analysis was carried out to see whether
season had a significant effect of the presence of microorganisms detected on red

meat. These findings are available in section 3.6.1 - 3.6.11 and Appendix W - AD.

3.3.13 Microbiological contamination of red meat in relation to the number of

days remaining to the meatséuse by date
The microbiological contamination found on the red meat according to the number of
days remaining to the meat samples shelf life was also compared and further details
are available in Appendix M. Logistic regression analysis was carried out to see
whether days remaining on the shelf life of the meats had a significant effect of the
presence of microorganisms detected on red meat (section 3.6.1 - 3.6.11 and
Appendix W - AD).

3.3.14 Microbiological contamination of red meat purchased loose from
butchers with and without a use by date

During this survey a number of loose red meat samples, which did not contain any

information on the use by date were purchased from butcher outlets. These samples

were compared to loose ones collected from butcher premises with a use by date
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(Appendix N). Overall there did not appear to be difference between loose samples

sold at butchers with use by dates and those without.

3.3.15 Microbiological contamination of red meat according to price

The microbiological contamination detected on the meat samples tested was
compared according to the price (per 100g) across different meat type and meat cut.
These results are summarised in Appendix O - S. Generally, microbiological
contamination tends to decrease with increasing price of meat but other factors which
price is associated with, such as size or type of meat, may be driving this trend. This
finding is not a concern as the red meats sampled, regardless of price, are intended to
be cooked which should kill off any microorganisms present on the meat and the risk
of cross-contaminating other foods should be minimised by adopting good hygiene
practices. Logistic regression analysis was carried out to see whether price had a
significant effect on the presence of microorganisms detected on red meat. These

findings are available in section 3.6.1 - 3.6.11 and Appendix W - AD.

3.3.16 Campylobacter spp. detected on red meat at retail sale in the UK

Table 14 lists the different types of Campylobacter spp. isolated during this survey.
Campylobacter jejuni which was detected in 20 meat samples resulting in a
prevalence of 0.34% (95% CI: 0.19% - 0.49%). Campylobacter coli was detected in 1
sample giving a prevalence of 0.02% (95% CI: 0.00% - 0.05%).

Table 14: Campylobacter spp. detected on red meat at retail sale in the UK

No. of positive % of positive Prevalence 95% CI* (%)
samples samples (%)’ Lower Upper
Campylobacter spp. 21 0.36 0.21 0.51
C. jejuni 20 95.24 0.34 0.19 0.49
C. coli 1 4.76 0.02 0.00 0.05

>, Weighted prevalence
* 959% confidence interval

(Table 33 of Appendix H shows the unweighted prevalence results).

3.3.17 Salmonella spp. detected on red meat at retail sale in the UK
The Salmonella serovars confirmed from the red meat samples tested during this

survey are listed in Table 15. The most prevalent Salmonella serovar was S. Cerro,
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which was detected in 7 samples giving a prevalence of 0.12%. S. Typhimurium was
prevalent in 4 (0.07%) of the samples followed by S. Virchow PT26 (0.02%; n=1), S.
Derby (0.02%; n=1), S. Dublin (0.02%; n=1) and S. Schwarzengrund (0.02%; n=1). S.
Typhimurium U311 (0.03%; n=2) was the most abundant S. Typhimurium phage type,
whilst S. Typhimurium DT2120 (0.02%; n=1) and S. Typhimurium DT109 (0.02%; n=1)
were also detected. The 95% confidence intervals accompanying this data are
outlined in Table 15.

Table 15: Salmonella spp. detected on red meat at retail sale in the UK

No. of positive % of positive  Prevalence 95% CI* (%)
samples samples (%)’

Lower Upper

Salmonella spp. 15 0.24 0.12 0.37
S. Cerro 7 46.67 0.12 0.03 0.19
S. Typhimurium 4 26.67 0.07 0.00 0.14

(S. Typhimurium U311) 2 13.33 0.03 0.00 0.08
(S. Typhimurium DT109) 1 6.67 0.02 0.00 0.05
(S. Typhimurium DT120) 1 6.67 0.02 0.00 0.05
S. Virchow (PT26) 1 6.67 0.02 0.00 0.05
S. Derby 1 6.67 0.02 0.00 0.05
S. Dublin 1 6.67 0.02 0.00 0.05
S. Schwarzengrund 1 6.67 0.02 0.00 0.05

>, Weighted prevalence
* 95% confidence interval

(Table 34 of Appendix H shows the unweighted prevalence results).

S. Cerro was detected on 4 beef and 3 pork samples. Of the 7 S. Cerro positive
samples 6 were purchased from England and 5 of these were steaks/chops
purchased from supermarkets. S. Typhimurium was isolated on 4 pork samples all
taken from supermarkets. Three of these 4 positive samples were roasting joints

purchased in England.

The 2007 report on Salmonella in livestock production in Great Britain confirmed that
there were no reported incidence of S. Cerro in cattle, sheep and pigs between 2003
to 2007 (VLA 2007). The report also mentioned that S. Cerro was isolated once from
pig feed in 2007 but was not found in 2006 (VLA 2007). Data provided by the HPA
showed that from 2005 to 18™ October 2009 there have been 38 human cases of S.
Cerro in England and Wales of which 18 were travel related. There were 55,222

human cases of Salmonella reported in England and Wales between 2005 and 2009
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to the HPA ((source HPA GSURYV outbreak database March 2010). This suggests
that the S. Cerro is a very rare serotype that is not detected in farm production animals

or animal feed and not causing human cases of illness in the UK.

3.3.18 Listeria spp. detected on red meat at retail sale in the UK

Table 16 details the different types of Listeria spp. detected in the 5,998 meat samples
tested. The most prevalent Listeria spp. was L. welshimeri, which was detected in 349
samples giving a prevalence of 6.01% (95% CI: 5.41% - 6.61%). L. monocytogenes
was found in 185 samples (3.17%; 95% CI: 2.73% - 3.62%), 125 samples were found
positive for L. innocua (2.13%; 95% CI: 1.77% - 2.50%) and L. seeligeri was detected
in 4 samples (0.06%; 95% CI: 0.00% - 0.13%). A further 6 Listeria spp. were detected
which were not identified (0.10%; 95% CI: 0.02% - 0.18%).

Table 16: Listeria spp. detected on red meat at retail sale in the UK

No. of positive % of positive Prevalence 95% CI* (%)
samples samples (%)’ Lower Upper
Listeria spp. 619" 10.62 9.84 11.40
L. welshimeri 349 56.38 6.01 5.41 6.61
L. monocytogenes 185 29.89 3.17 2.73 3.62
L. innocua 125 20.19 2.13 1.77 2.50
L. seeligeri 4 0.65 0.06 0.00 0.13
Not identified 6 0.97 0.10 0.02 0.18

>, Weighted prevalence

* 959% confidence interval

A There were occasions where more than 1 type of Listeria was isolated on a single meat sample. Therefore the
total of the individual types of Listeria isolated did not add up to the Listeria spp. detected in the meat samples
tested

(Table 35 of Appendix H shows the unweighted prevalence results).
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3.3.19 Y. enterocolitica detected on red meat at retail sale in the UK
Table 17 lists the different Y. enterocolitica serotypes detected in the 2,429 meat
samples tested during the survey (Table 36 of Appendix H shows the unweighted

prevalence results).

Table 17: Y. enterocolitica serotypes detected on red meat at retail sale in the UK

No. of positive % of positive Prevalence 95% CI* (%)
samples samples (%)’ Lower Upper

Yersinia spp. 353 14.30 12.90 15.70
Y. enterocolitica 270 76.49 10.91 8.71 10.96
O unidentifiable 190 53.82 7.71 6.17 8.14
05 16 4.53 0.63 0.32 0.94
048 10 2.83 0.42 0.17 0.68
041, 43 8 2.27 0.33 0.10 0.55
040 6 1.70 0.23 0.04 0.43
O rough 5 1.42 0.19 0.02 0.36
Other serotypes” 35 9.92 1.39 0.91 1.83
Other Yersinia spp. 83 23.51 3.41 2.60 3.99

’, Weighted prevalence

*. 95% confidence interval

A Of the 2,429 meat samples tested for Yersinia spp., 1 (0.04%; 95% CI: 0.00% - 0.12%) sample was positive for
Y. enterocolitica O9 and 2 (0.08%; 95% CI: 0.00% - 0.19%) samples were positive for Y. enterocolitica O5, 27.
These pathogenic serotypes were detected in pork samples.

The most predominant serotype was Y. enterocolitica O unidentifiable which was
detected in 190 meat samples resulting in a prevalence of 7.71%. Y. enterocolitica O5
(0.63%; n=16), 048 (0.42%; n=10), O41 & 43 (0.33%; n=8), 040 (0.23%; n=6) and O
rough (0.19%; n=5) were also detected. Other serotypes of Y. enterocolitica were
also detected in 35 (1.39%) samples tested of which Y. enterocolitica O9 and O5, 27
were detected in 1 (0.04%) and 2 (0.08%) pork samples respectively. These are
known pathogenic serotypes (NZFSA 2001) with Y. enterocolitica O9 being implicated
in a recent outbreak where the probable source was a ready-to-eat pork product
(Grahek-Ogden et al., 2007). The 95% confidence intervals accompanying these data

are presented in Table 17.

3.4 Multiple microorganisms detected on red meat samples

The data were analysed to determine whether a single meat sample was
contaminated with 2 or more pathogenic microorganisms. It was evident that the
number of samples which were positive for 3 or more pathogens was very small and
further analyses could not be carried out. Therefore the analysis of multiple

microorganisms on meat samples was performed on pairs of pathogens and focussed
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on the Agency target organisms (Campylobacter, Salmonella, E. coli 0157, L.
monocytogenes and C. perfringens). This data are available in Table 53 - 56 in
Appendix T.

3.5 Antimicrobial resistance

Isolates of Campylobacter and Salmonella were tested for sensitivity to antimicrobials
using a breakpoint method (Thwaites & Frost 1999; Threlfall et al., 1999). Where
more than one breakpoint concentration was used, resistance was defined as
resistance to the lowest breakpoint concentration. Details of the concentrations of the

antimicrobials used are summarised in Appendix U.

3.5.1 Antimicrobial resistance of Campylobacter spp. isolated from red meat

Of the 5,998 meat samples tested, 21 were positive for Campylobacter spp. of which
25 isolates (23 C. jejuni and 1 C. coli) were tested for antimicrobial resistance. Of the
25 isolates tested, 24 were resistant to one or more antimicrobials. One C. jejuni
isolate was also found to be sensitive to the entire panel of antimicrobial drugs. Table
18 summarises the resistance of the Campylobacter spp. to the panel of antimicrobial
drugs. All of the resistant Campylobacter isolates detected were from meat labelled
as UK country of origin. No further conclusions could be drawn given the relatively

small numbers of Campylobacter isolated showing antimicrobial resistance.

Table 18: Campylobacter spp. resistance to antimicrobials

Campylobacter spp. Resistance to antimicrobials” Number of isolates
C. jejuni (all types) 2

A

AT

ApT

ACNXx

ACpNXx

ACpNxT

ANXT

CpNxpT

T

PRRPANRPRLROW®

=

C. coli CpNXx

Total 24

A, Key to antimicrobials: A, Ampillicin; C, Chloramphenicol; Cp, Ciprofloxacin; Nx, Nalidixic acid; T, Tetracycline; pT,
Tetracycline-reduced susceptibility
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3.5.2 Antimicrobial resistance of Salmonella spp. isolated from red meat

Of the 5,998 meat samples tested, 15 were positive for Salmonella spp. of which 11
isolates (7 S. Cerro, 1 S. Derby, 1 S. Dublin, 1 S. Schwarzengrund and 1 S. Virchow
PT26) were found to be sensitive to a panel of antimicrobial drugs. However, only 4
isolates (all S. Typhimurium) were resistant to one or more of the antimicrobial drugs
tested, all of which were resistant to Streptomycin, Sulphonamide and Tetracycline
(Table 19). All of the antimicrobial resistant S. Typhimurium isolates detected were
from meat labelled as UK country of origin. No further conclusions could be drawn

given the relatively small numbers of Salmonella isolates detected.

Table 19: Salmonella Typhimurium phage types: resistance to antimicrobials

Phage type Resistance to antimicrobials” Number of isolates

All Types 4
U311l ACSSuSpTTm 2
DT109 SSuT 1
DT120 ApSSuT 1

A, Key to antimicrobials: A, Ampillicin; C, Chloramphenicol; S, Streptomycin; pS, Streptomycin-reduced

susceptibility; Su, Sulphonamide; Sp, Spectinomycin; T, Tetracycline; Tm, Trimethoprim

3.6 Factors affecting the microbiological contamination detected on red
meat
Data on each of the microorganisms (Campylobacter, Salmonella, E. coli O157, E. coli
(non-0O157), Listeria, L. monocytogenes, C. perfringens, S. aureus, Y. enterocolitica,
Enterobacteriaceae and Enterococcus spp.) were collected from the samples tested
and analysed separately. Where there were sufficient positive samples (above 150)
logistic regression was used to model the data. Other statistical techniques, such as
chi-squared tests and t-tests, were used to analyse positive from other

microorganisms.

Logistic regression was carried out to establish whether certain variables and
associated interactions between these variables had any significant effect on the
presence of these microorganisms on the red meat samples tested. This section
summarises the significant findings of the logistic regression for Listeria spp., L.
monocytogenes, C. perfringens and E. coli (non-O157). The complete logistic

regression for all the microorganisms is provided in Appendix W - AD. An explanation
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of logistic regression (including the variables and interactions) and how the results

should be interpreted is also provided in Appendix V.

3.6.1 Factors influencing the presence of Campylobacter spp. on red meat

A total of 21 samples were contaminated with Campylobacter spp., giving a
prevalence of 0.36% (95% CI: 0.21% - 0.51%). Logistic regression analysis could not
be performed due to the low number of Campylobacter positive samples detected.
However, observations can be drawn from using univariate statistical techniques such
as chi-squared analysis. It should be noted that the results provided in Table 20 are
not adjusted for other factors, as is the case for logistic regression and are based on

small number of positive samples.

Table 20: Retailer type and the presence of Campylobacter spp. on red meat

Retailer type Campylobacter spp. | Campylobacter spp.
present absent

(n) (%) (n) (%)

All retailers 21 0.40 5,977 99.60

Supermarket 1 0.02 4,130 99.98

Butcher 20 1.10 1,847 98.90

Of the 21 meat samples which were positive for Campylobacter, 20 were sampled
from butchers giving a contamination rate of 1.1%. This contamination rate is

significantly greater (p<0.001) than meats (0.02%) purchased from supermarkets.

3.6.2 Factors influencing the presence of Salmonella spp. on red meat

Of the 5,998 meat samples tested, 15 were positive for Salmonella giving a
prevalence of 0.24% (95% CI: 0.12% - 0.37%). Logistic regression analysis could not
be performed due to the low levels of Salmonella detected. Univariate analysis did not
find any significant explanatory variables for Salmonella contamination of red meat.

3.6.3 Factors influencing the presence of E. coli 0157 on red meat
Only 1 of the 5,998 samples examined was contaminated with E. coli 0157, giving a
prevalence of 0.02% (95% CI: 0.00% - 0.05%). Given that only 1 positive sample of

E. coli O157 was detected, no statistical analysis could be carried out.
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3.6.4 Factors influencing the presence of Listeria spp. on red meat

A total of 619 samples were positive for the presence of Listeria spp. giving a
prevalence of 10.62% (95% CI. 9.84% - 11.40%). Meat cut (p<0.001), season
(p=0.017) and price per 100g (p=0.001) were shown to have a significant effect on the
presence of Listeria spp. on red meat (Appendix W Table 59). Steaks/chops (both
with and without bones) had reduced likelihoods of being contaminated with Listeria
spp. in comparison to roasting joint samples (OR: 0.70 and 0.78; p=0.033 and
p<0.001 respectively). Red meat samples purchased during the summer and winter
months were also associated with reduced likelihoods of Listeria spp. contamination
when compared to meats purchased in the spring months (OR: 0.75 and 0.78;
p=0.014 and p=0.049 respectively). For the red meat samples tested, an increase in
price per 100g was associated with a significantly reduced likelihood of the presence
of Listeria spp. (OR: 0.60; p=0.001). This finding is not a concern as the red meats
sampled, regardless of price, are intended to be cooked which will kill off any Listeria

spp. present.

Packaging type (p<0.001) and an interaction between packaging type and a country of
purchase (p=0.001) had a significant impact on Listeria spp. contamination on the red
meat samples tested (Appendix W Table 60). Vacuum packed meats purchased from
England, Scotland and Wales had significantly increased likelihoods of being
contaminated with Listeria spp. compared to meats packed in a protective atmosphere
(OR: 2.49, 2.88 and 4.38; 95% CI: 1.66 - 3.73, 1.38 - 6.03 and 1.46 - 13.18
respectively). Loosely packed and clingfilm wrapped meat samples purchased from
England were associated with a significantly increased risk of Listeria spp.
contamination in comparison to protective atmosphere packed meats (OR: 2.16 and
1.85; 95% CI: 1.62 - 2.88 and 1.30 - 2.64 respectively).

Meat type (p=0.015), packaging type (p<0.001) and an interaction between these
variables (p=0.003) had a significant effect on the presence of Listeria spp. on red
meat (Appendix W Table 61). Vacuum packed and clingfilm wrapped beef and beef
sold loose had increased likelihoods of being contaminated with Listeria spp. in
comparison to beef packed in a protective atmosphere (OR: 2.49, 1.85 and 2.16; 95%
Cl: 1.66 - 3.73, 1.30 - 2.64 and 1.62 - 2.88 respectively). Vacuum packed and loosely
packed lamb samples were also associated with increased risk of Listeria spp.
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contamination in comparison to protective atmosphere packed beef (OR: 3.54 and
1.89; 95% CI: 1.65 - 7.57 and 1.09 - 3.28 respectively).

3.6.5 Factors influencing the presence of L. monocytogenes on red meat

L. monocytogenes was detected in a total of 185 meat samples giving a prevalence of
3.17% (95% CI: 2.73% - 3.62%). Country of purchase (p=0.034), packaging type
(p=0.042) and price per 100g (p=0.036) had a significant effect on the presence of L.
monocytogenes on the red meat samples tested (Appendix X Table 62). Red meat
purchased from Scotland was significantly less likely to be contaminated with L.
monocytogenes in comparison to meat purchased from England (OR: 0.49; p=0.015).
Vacuum packed meat samples had increased likelihoods of being contaminated with
L. monocytogenes in comparison to meats packed in a protective atmosphere (OR:
2.18; p=0.015). For the red meat samples tested, an increase in price per 100g was
associated with a significantly reduced likelihood of the presence of L. monocytogenes
(OR: 0.63; p=0.036). This finding is not a concern as the red meats sampled,
regardless of price, are intended to be cooked which will kill off any L. monocytogenes

present.

3.6.6  Factors influencing the presence of C. perfringens on red meat

A total of 605 meat samples were contaminated with C. perfringens resulting in a
prevalence of 9.99% (95% CI: 9.23% - 10.75%). Meat cut (p<0.001), retailer type
(p<0.001), season (p<0.001) and days remaining to use by date (p<0.001) were
shown to have a significant effect on the presence of C. perfringens on red meat
(Appendix Y Table 63). Steaks/chops (both with and without bones) had reduced
likelihoods of being contaminated with C. perfringens in comparison to roasting joint
samples (OR: 0.40 and 0.54 respectively; p<0.001). Red meat samples purchased
from butchers had significantly reduced likelihood of C. perfringens contamination
compared to samples from supermarkets (OR: 0.26; p<0.001). Red meat purchased
during the autumn months had significantly reduced chance of C. perfringens being
present compared with samples purchased in spring (OR: 1.79; p<0.001). For each
extra day on the shelf life of the meats the likelihood of C. perfringens contamination
increased (OR: 1.18; p<0.001), however this relationship only existed in red meats
with more than 7 days left on their shelf lives (Appendix Y Table 64).
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Meat type (p<0.001), retailer type (p<0.001) and an interaction between these
variables (p<0.001) had a significant effect on the presence of C. perfringens on red
meat (Appendix Y Table 65). Pork and lamb purchased from supermarkets had
significantly reduced risk of C. perfringens contamination compared to beef from the
same source (OR: 0.11 and 0.21; 95% CI: 0.08 - 0.17 and 0.13 - 0.32 respectively).
Beef, pork and lamb from butchers also had significantly reduced likelihood of being
contaminated with C. perfringens in comparison to beef from supermarkets (OR: 0.26,
0.23 and 0.16; 95% CI: 0.16 - 0.43, 0.10 - 0.53 and 0.06 - 0.41 respectively).

Country of purchase (p=0.001), packaging type (p<0.001) and an interaction between
these variables (p=0.016) had a significant effect on the presence of C. perfringens on
the red meat samples tested (Appendix Y Table 66). Vacuum packed, loose and
clingfilm wrapped meats purchased from England were associated with significantly
increased likelihood of being contaminated with C. perfringens compared to protective
atmosphere packed meat purchased from England (OR: 2.16, 1.99 and 2.18; 95% CI:
1.41 - 3.30, 1.14 - 3.47 and 1.63 - 2.92 respectively). Protective atmosphere packed
meats from Wales also had significantly increased likelihood of C. perfringens
contamination in comparison to protective atmosphere packed meat purchased from
England (OR: 2.56; 95% CI: 1.61 - 4.06).

3.6.7 Factors influencing the presence of E. coli (non-0O157) on red meat

A total of 1,976 of the 5,998 red meat samples tested were positive for E. coli (non-
0157), giving a prevalence of 32.94% (95% CI. 31.75% - 34.13%). Country of
purchase (p=0.001) and an interaction between country of purchase and retailer type
(p=0.05) were found to have significant effects on E. coli (hon-O157) contamination
(Appendix Z Table 67). Meat purchased from both supermarkets and butchers in
Northern Ireland had significantly reduced likelihoods of being contaminated with E.
coli compared to meats purchased from supermarkets in England (OR: 0.53 and 0.15;
95% CI: 0.37 - 0.76 and 0.05 - 0.49 respectively).

Country of purchase (p=0.001), packaging type (p=0.001) and an interaction between
these two variables (p=0.026) also had a significant effect on E. coli contamination
found on red meat (Appendix Z Table 68). Protective atmosphere packed red meat

purchased in Northern Ireland had significantly reduced risk of being contaminated
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with E. coli compared with meats packed in a protective atmosphere purchased in
England (OR: 0.53; 95% CI:. 0.37 - 0.76). Vacuum packed meat purchased from
England was found to have significantly increased likelihood of E. coli contamination in
comparison to protective atmosphere packed meats purchased in that country (OR:
2.21; 95% CI: 1.39 - 3.50).

Meat type (p<0.001) and an interaction between this and retailer type (p=0.039) had a
significant effect on E. coli contamination of red meat (Appendix Z Table 69). Pork
samples purchased from supermarkets had significantly increased likelihood of E. coli
contamination compared with beef samples (OR: 1.61; 95% CI: 1.18 - 2.21). In
contrast, lamb (from supermarkets and butchers) had a significantly reduced likelihood
of being contaminated with E. coli in comparison to beef (OR: 0.37 and 0.45; 95% CI:
0.22 - 0.63 and 0.22 - 0.92 respectively).

Meat type (p<0.001), meat cut (p<0.001) and an interaction between these (p=0.029)
were observed as having significant effect on E. coli contamination (Appendix Z Table
70). Roasting beef joints containing bones and boneless beef steaks/chops were
associated with a significant reduction in the likelihood of E. coli contamination in
comparison to boneless beef roasting joints (0.18 and 0.41; 95% CI: 0.05 - 0.67 and
0.43 - 0.94 respectively). Boneless roasting joints of pork had significantly increased
likelihood of E. coli contamination compared with boneless joints of beef (OR: 1.61;
95% CI: 1.18 - 2.21). Lamb samples cut as boneless roasting joints and steaks/chops
(both with and without bones) had significantly reduced odds of being contaminated
with E. coli in comparison to boneless beef roasting joints (OR: 0.37, 0.7 and 0.18;
95% CI: 0.22 - 0.63, 0.08 - 0.38 and 0.04 - 0.72 respectively).

Season in which samples was taken (p=0.016), meat type (p<0.001) and an
interaction between the two (p=0.002) were found to have a significant effect on the
presence of E. coli on meat (Appendix Z Table 71). Beef purchased during the
summer and winter months had significantly increased likelihood of E. coli
contamination compared to beef purchased in spring (OR: 1.45 and 1.49; 95% CI:
1.11 - 1.88 and 1.11 - 1.99 respectively). Pork samples purchased during spring,
summer and autumn were also associated with a significant increase in the likelihood

of E. coli contamination compared with beef purchased in spring (OR: 1.61, 2.53 and
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1.79; 95% CI: 1.18 - 2.21, 1.49 - 4.29 and 1.03 - 3.12 respectively). However, lamb
purchased during spring, summer and winter months were significantly less likely to
be contaminated with E. coli in comparison to beef purchased in spring (OR: 0.37,
0.29 and 0.24; 95% CI: 0.22 - 0.63, 0.12 - 0.68 and 0.10 - 0.56 respectively).

Meat cut (p<0.001) and an interaction between retailer type and meat cut (p<0.01)
were found to have significant effects on E. coli contamination of red meat (Appendix
Z Table 72). Roasting joints with bones purchased from supermarkets had
significantly reduced likelihood of E. coli contamination in comparison to boneless
roasting joints (OR: 0.18; 95% CI:. 0.05 - 0.67). Boneless steaks/chops purchased
from supermarkets and butchers also had significantly reduced likelihood of E. coli
contamination compared with boneless roasting joints (OR: 0.41 and 0.67; 95% CI:
0.34 - 0.49 and 0.49 - 0.92 respectively).

Packaging type (p=0.001), season of purchase (p=0.016) and an interaction between
the two (p=0.001) had significant effects on the presence of E. coli on red meat
(Appendix Z Table 73). Red meat packed in a protective atmosphere purchased in
the summer and winter months had significant increased likelihoods of E. coli
contamination compared with protective atmosphere packed meats purchased in
spring (OR: 1.45 and 1.49; 95% CI: 1.11 - 1.88 and 1.11 - 1.99 respectively). Vacuum
packed red meats were associated with significantly increased likelihoods of E. coli
contamination over the seasons when compared to protective atmosphere packed
meat purchased in spring (OR and 95% Cls are available in Appendix Z Table 73).
Loosely packed meat samples purchased during summer and autumn had
significantly increased likelihoods on E. coli contamination compared to protective
atmosphere packed meat purchased in spring (OR: 1.76 and 1.80; 95% CI: 1.03 - 3.03
and 1.01 - 3.18 respectively). Clingfilm wrapped meats purchased in summer also
had significantly increase likelihood of being contaminated with E. coli compared with
protective atmosphere packed meat purchased in spring (OR: 2.34; 95% CI: 1.20 -
4.57).
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3.6.8 Factors influencing the presence of S. aureus on red meat

A total of 423 samples were contaminated with S. aureus resulting in a weighted
prevalence of 7.18% (95% CI: 6.53% - 7.84%). Logistic regression identified 4
significant explanatory variables that had a significant effect on the presence of S.
aureus on red meat. These variables were country of purchase, meat type, retailer
type and season. Three significant interactions (country of purchase-packaging type,
meat type-meat cut and meat type-retailer type) were also identified as having an
impact on S. aureus contamination on red meat. These findings are provided in
Appendix AA.

3.6.9 Factors influencing the presence of Y. enterocolitica on red meat

A total of 2,429 meat samples were tested for Yersinia spp. Of these 270 were
contaminated with Y. enterocolitica, giving a weighted prevalence of 10.91% (95% CI:
9.67% - 12.15%). Logistic regression showed that retailer type and country of
purchase-retailer type interaction as having a significant effect on the presence of Y.

enterocolitica in red meat samples tested. These data are provided in Appendix AB.

3.6.10 Factors influencing the presence of Enterobacteriaceae on red meat

A total of 5,752 of the 5,998 samples tested were positive for Enterobacteriaceae,
resulting in a weighted prevalence of 95.88% (95% CI: 95.37% - 96.38%). Logistic
regression identified 3 significant variables (country of purchase, meat type and
season) as having a significant effect on Enterobacteriaceae contamination found on
retail red meat. Two interactions (meat cut-packaging type and packaging type-
season) were also shown to have a significant effect on Enterobacteriaceae

contamination. These findings are available in Appendix AC.

3.6.11 Factors influencing the presence of Enterococcus spp. on red meat

A total of 2,878 of the 5,998 meat samples tested were positive for Enterococcus spp.,
giving a weighted prevalence of 48.15% (95% CI. 46.89% - 49.42%). Logistic
regression identified 5 explanatory variables having a significant effect on
Enterococcus spp. contamination on red meat. These were price per 100g, meat cut,
retailer type, packaging type and season. Four significant interactions (meat type-
retailer type, meat type-meat cut, meat type-season and packaging type-season) were

also identified. These findings are provided in Appendix AD.
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3.7 Enumeration of microorganisms on red meat

Given the large size of the survey, it was decided to focus on the enumeration of only
some of the organisms that were tested for. Levels of Listeria and L. monocytogenes
were determined, as these are key foodborne pathogens and levels of E. coli were
also analysed as this organism provides a good indication of faecal contamination on
foods (Roberts and Greenwood 2003). The analyses of enumeration results for these

organisms are given below.

In addition, the levels of C. perfringens, S. aureus, Enterobacteriaceae and
Enterococcus spp. were determined. Enumeration results for these organisms found
on the meat samples tested have been summarised in Appendix AF. It should be
noted that all enumeration data are presented as cfu per meat sample and not cfu per
unit weight, as the surface area swabbed for each sample was not standardised and

so varied between samples.

3.7.1 Approach to statistical analysis of microbiological enumeration data of
red meat

To investigate which variables affect the level of contamination of Listeria spp., L.

monocytogenes and E. coli (hon-O157) on red meat, the contaminated sample results

were separated from the dataset and analysed. All results presented in this section

apply to the positive samples.

The data collected in this survey were not normally distributed and transformation did
not normalise them; therefore non-parametric statistical tests have been used. These
tests are univariate and cannot account for other variables effects or any interactions
between variables. Also the study was not directly designed for this type of analysis.
For these reasons the results presented in this section should only be interpreted as

indicator data and not as quantitative results.

The categorical variables (e.g. country of purchase) were analysed initially using the
Kruskal-Wallis test to highlight whether any differences existed between the
categories. Where any differences were identified, the microorganisms levels were

split into 3 categories and these were compared across the variable.
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All the variables listed below were analysed, although only those variables found to
have significant effects on Listeria spp., L. monocytogenes and E. coli (non-O157)

enumeration levels are presented in this section.

Variables: Added ingredient
Country of purchase
Packaging type
Retailer type
Meat type
Days remaining before t h ese-ldy-dated
Price per 100g
Storage temperature

Comparisons of levels of Listeria spp., L. monocytogenes and E. coli (non-0157)
between different cuts of meat were not carried out due to the limitations in the
methodology relating to standardising difficulties. Therefore analysis of steaks/chops
and roasting joints have been carried out separately in this section.

All percentages provided in this analysis were weighted. The total values reported
were the actual number of samples tested. Confidence intervals were not included as

these are inappropriate for this type of analysis.

3.7.2 The effect of meat surface area on the levels of Listeria spp., L.
monocytogenes and E. coli (non-0O157) detected
There were concerns that the method used to enumerate microorganisms on the red
meat would be bias towards those with greater surface area (e.g. larger cuts of meat
would have higher levels of microorganisms present on their surface). The only
information collected which could represent surface area was weight i.e. larger cuts of
meat, with larger surface area, are heavier. Clearly meat would have varying density
and this estimator of surface area is flawed but it is the best available. Analysis of the
weight of meat samples and its relationship to the microorganisms was completed on
Listeria spp., L. monocytogenes and E. coli (non-O157), as these had observed
difference in the sub-group analysis and were completed on roasting joints and

steaks/chops separately, similar to the enumeration analysis.
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There was no correlation between Listeria spp. (including L. monocytogenes) and
weight identified for either roasting joints or steaks/chops. There was also no
correlation between E. coli and the weight for steaks/chops but a weak significant
correlation was identified for roasting joints (Spearmans r=0.1; p<0.001). The sub-
group differences seen in E. coli levels were checked to see whether this weight effect
could be driving these differences. The result was that weight (surface area) cannot
be discarded as having an effect on the levels of E. coli on roasting joints, but the
analysis indicated that if weight was a factor, it was weak and unlikely to be causing
any observed differences, rather it is just one of many effects. This data is provided in
Appendix AE.

3.7.3 Listeria spp. and L. monocytogenes levels detected on retail red meat in
the UK
Table 21 summarises the Listeria spp. and L. monocytogenes levels found on meat
sold in the UK. Of the 619 Listeria spp. positive meat samples detected, 574 (92.9%)
were found to have Listeria spp. levels at <10 cfu/meat sample. Only 4 (0.6%) of the
positive samples were at levels of >100 cfu/meat sample, with the remaining 41
(6.5%) having levels ranging between 10-100 cfu/meat samples. Of the 185 L.
monocytogenes positive meat samples detected, 167 (90.3%) were found to contain
L. monocytogenes at <10 cfu/meat sample. Only 4 (2.4%) of the positive samples had
levels of >100 cfu/meat sample, with the remaining 14 (7.3%) meat samples having

levels ranging between 10-100 cfu/meat sample.

Table 21: Listeria spp. and L. monocytogenes levels detected on retail red meat in the UK

Levels (cfu/meat sample) Total
<10 10-100 >100*
Listeria spp. 92.9% (574) 6.5% (41) 0.6% (4) 100% (619)
L. monocytogenes 90.3% (167) 7.3% (14) 24% (4) 100% (185)

*, No meat samples had Listeria spp. and L. monocytogenes levels present at >1,000 cfu/meat sample
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3.7.4 Comparison of Listeria spp. and L. monocytogenes levels detected on
different meat cuts

Significant differences between Listeria spp. levels on roasting joints and steaks/chops

were observed (p<0.001) with roasting joints samples being associated with higher

levels of Listeria spp.

Table 22 summarises the levels of Listeria spp. found on roasting joints and
steaks/chops samples. The majority (91.0%; n=316) of the Listeria spp. levels
detected on the 348 positive roasting joints were at <10 cfu/meat sample. A small
proportion of the Listeria spp. levels found on roasting joints (0.8%; 3/348) were >100
cfu/meat sample with the remaining 29 (8.1%) in 10-100 cfu/meat sample range. Only
0.4% (1/271) of the steaks/chops sampled had Listeria spp. levels >100 cfu/meat
sample. Most of the levels of Listeria spp. found on steaks/chops (95.4%; 258/271)
were <10 cfu/meat sample with 4.3% (12/271) steaks/chops at 10-100 cfu/meat

sample.

Table 22: Listeria spp. levels detected on different cuts of red meat in the UK - roasting joints

and steaks/chops

Meat cut Listeria spp. levels (cfu/meat sample) Total

<10 10-100 >100*
Roasting joints 91.0% (316) 8.1% (29) 0.8% (3) 100% (348)
Steaks/chops 95.4% (258) 4.3% (12) 0.4% (1) 100% (271)
Total 92.9% (574) 6.5% (41) 0.6% (4) 100% (619)

* No roasting joints or steaks/chops had Listeria spp. levels present at >1,000 cfu/meat sample

The Listeria spp. levels reported for roasting joints and steaks/chops samples were
analysed separately for similar reasons given for E. coli. However, the analysis on
roasting joints and steaks/chops did not find any relationships between the variables

and Listeria spp. levels.

There were no significant differences between L. monocytogenes levels on roasting

joints and steaks/chops.

3.7.5 E. coli (non-0O157) levels detected on retail red meat in the UK
Table 23 summarises the E. coli (non-0157) levels found on meat sold in the UK. Of

the 1,970 positive E. coli meat samples detected, 1,464 (74.2%) were found to have
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E. coli levels at <10 cfu/meat sample. Only 142 (7.4%) of the samples tested had E.
coli present at >100 cfu/meat sample, with 364 (18.4%) samples having levels ranging
between 10-100 cfu/meat sample. Only 27 (1.37%) of meat samples tested had E.

coli levels present of >1,000 cfu/meat sample.

Table 23: E. coli levels detected on retail red meat in the UK

Levels (cfu/meat sample) Total
<10 10-100 >100*
E. coli 74.2% (1,464) 18.4% (364) 7.4% (142) | 100% (1,970)

* There were 27 (1.4%) meat samples which had E. coli levels present at >1,000 cfu/meat sample

3.7.6 Comparison of E. coli levels detected on different meat cuts
The decision to analyse roasting joints and steaks/chops separately was supported by
the data when comparing the E. coli levels as roasting joints had significantly higher

levels of E. coli than steaks/chops (p<0.001).

This difference is highlighted when dividing the E. coli levels into groups. Table 24
show that roasting joints samples had a greater proportion of E. coli levels between
10-100 cfu/meat sample (20.8%; 213/1,038) and >100 cfu/meat sample (7.7%;
76/1,038) than steaks/chops, with 15.6% (151/932) at 10-100 cfu/meat sample and
7.1% (66/932) at >100 cfu/meat sample. It could not be determined whether these
findings were due to the difference in surface area between meat cuts or the

limitations of the enumeration method used.

Table 24: E. coli levels detected on different cuts of red meat in the UK - roasting joints and

steaks/chops
Meat cut E. coli levels (cfu/meat sample) Total

<10 10-100 >100%
Roasting joints 71.5% (749) 20.8% (213) 7.7% (76) 100% (1,038)
Steaks/chops 77.2% (715) 15.6% (151) 7.1% (66) 100% (932)
Total 74.2% (1,464) 18.4% (364) 7.3% (142) | 100% (1,970)

* There were 14 (1.4%) roasting joints and 13 (1.5%) steaks/chops which had E. coli levels present at >1,000
cfu/meat sample
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3.7.7 Comparison of E. coli levels detected on retail beef, pork and lamb
roasting joints in the UK
Significant differences in E. coli levels were observed between different red meat type

cut as roasting joints (p<0.001).

Table 25 provide a breakdown of E. coli levels on beef, pork and lamb roasting
samples. Of the 1,038 roasting joints confirmed positive for E. coli, pork samples had
higher proportions of E. coli at >100 cfu/meat sample (11.2%; 35/324) than beef
(5.7%; 33/585) and lamb (8.2%; 8/129) joints. Pork roasting joints also had a higher
proportion of E. coli at 10-100 cfu/meat sample (22.7%; 72/324) than beef (21.2%;
124/585) and lamb (14.4%; 17/129) joints.

Table 25: E. coli levels detected on beef, pork and lamb roasting joints

Meat type E. coli levels (cfu/meat sample) Total

<10 10-100 >100*
Beef 73.1% (428) 21.2% (124) 57% (33) 100% (585)
Pork 66.1% (217) 22.7% (72) 11.2% (35) 100% (324)
Lamb 77.4% (104) 14.4% (17) 8.2% (8) 100% (129)
Total 71.6% (749) 20.8% (213) 7.5% (76) 100% (1,038)

* There were 7 (1.2%) beef, 6 (1.8%) pork and 1 (1.1%) lamb roasting joints which had E. coli levels present at
>1,000 cfu/meat sample

3.7.8 Comparison of E. coli levels detected on retail roasting joints purchased
from supermarkets and butchers

Roasting joint samples purchased from butchers had significantly higher levels of E.

coli than joints sourced from supermarkets (p=0.003).

Table 26 summarises the E. coli levels found on roasting joint samples sourced from
supermarkets and butchers. Of the 1,038 samples confirmed positive for E. coli,
73.3% (555/750) from supermarkets and 66.8% (194/288) from butchers had E. coli
levels at <10 cfu/meat sample. Roasting joints from butchers (10.8%; 29/288) had a
greater proportion of E. coli levels at >100 cfu/meat sample than those purchased
from supermarkets (6.5%; 47/750). Roasting joints from butchers (22.4%; 65/288)
had larger proportion of E. coli levels between 10-100 cfu/meat sample than roasting

joints sourced from supermarkets (20.2%; 148/750).
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Table 26: E. coli levels detected on roasting joints purchased from supermarkets and butchers

Retailer type E. coli levels (cfu/meat sample) Total

<10 10-100 >100*
Supermarket 73.3% (555) 20.2% (148) 6.5% (47) 100% (750)
Butcher 66.8% (194) 22.4% (65) 10.8% (29) 100% (288)
Total 71.5% (749) 20.8% (213) 7.7% (76) 100% (1,038)

* There were 6 (0.8%) roasting joints purchased from supermarkets and 8 (2.8%) from butchers which had E. coli
levels present at >1,000 cfu/meat sample

3.7.9 Comparison of E. coli levels detected on retail roasting joints according
to packaging types
Significant differences in E. coli levels were observed between roasting joints with

different packaging types (p=0.001).

Table 27 summarise the E. coli levels found on roasting joints with different types of
packaging. Vacuum packed roasting joints had greater proportion of E. coli levels at
>100 cfu/meat sample than the other packaging types. The results indicated that
15.4% (17/108) of the E. coli positive vacuum packed roasting joints tested had E. coli
levels >100 cfu/meat sample compared with 5.6% (29/535) for protective atmosphere
packed, 9.8% (18/210) for loose and 6.4% (11/177) for clingfilm packed roasting joints.
Vacuum packed roasting joints (29.4%; 30/108) also had a higher proportion of E. coli
levels at 10-100 cfu/meat sample compared to 18.5% (97/535) for protective
atmosphere packed, 21.9% (48/210) for loose and 19.8% (34/177) for clingfilm packed

roasting joints.

Table 27: E. coli levels detected on roasting joints based on packaging type

Packaging type E. coli levels (cfu/meat sample) Total

<10 10-100 Q100*
Packed in a protective atmosphere 75.9% (409) 18.5% (97) 5.6% (29) 100% (535)
Vacuum packed 55.2% (61) 29.4% (30) 15.4% (17) 100% (108)
Loose 68.3% (144) 21.9% (48) 9.8% (18) 100% (210)
Clingfilm with tray 73.7% (132) 19.8% (34) 6.4% (11) 100% (177)
Total 71.8% (746) 20.6% (209) 7.7% (75) 100% (1,030)A

* There was 1 (0.2%) atmosphere packed, 7 (6.3%) vacuumed packed, 4 (2.0%) loosely packed and 1 (0.6%)
clingfilm wrapped roasting joints, which had E. coli levels present at >1,000 cfu/meat sample
A There were 8 roasting joints excluded from this analysis as the packaging type could not be determined
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3.7.10 Comparison of E. coli levels detected on retail roasting joints according
to days remaining prior to use by dates

To analyse the relationship between days remaining to use by date in relation to E.

coli levels on roasting joints, the days remaining have been categorised into quartiles

and compared. Significant differences were observed between the roasting joints with

different days remaining prior to their use by dates (p=0.016).

Table 28 summarise the E. coli levels found on roasting joints according to the number
of days remaining to the use by date. Generally, it was found that the more days
remaining to the use by date, the higher the proportion of E. coli levels on the roasting

joints.

Roasting joint samples that had 6 or more days remaining had a greater proportion of
E. coli at >100 cfu/meat sample (15.2%; 22/151) than roasting joints with 1-3 days
(6.7%; 27/412), 4 days (5.0%; 10/208) and 5 days (6.6%; 15/259) remaining to the use
by date.

Further analysis was conducted in an attempt to identify why the proportion of red
meat samples with 6 days and more remaining on their shelf lives had higher
proportion of E. coli at >100 cfu/meat sample. Samples with 6 days or more to their
use by dates had higher percentage of samples which were vacuum packed (22.0%)
than those with 5 days or less (6.0%) remaining and the data showed that vacuum
packed meat is more likely to be contaminated with E. coli. Therefore, the high
proportion of E. coli levels at >100 cfu/meat samples could be related to this

packaging type.

Vacuum packed meats had shelf lives ranging from 6 to 15 days. This longer shelf life
may contribute to this finding (as larger percentage of the samples with longer shelf
lives would fall into the 6+ days group and the longer the shelf life the greater potential

for high levels of E. coli).

There was no information available on the length of time the samples were already on
the shelf prior to being sampled. However as the samples were collected randomly, it

was assumed that this was representative.
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Table 28: E. coli levels detected on roasting joints according to days remaining prior to the use

by date

Days remaining to use by E. coli levels (cfu/meat sample) Total

date <10 10-100 >100*

1-3 75.3% (312) 18.0% (73) 6.7% (27) | 100% (412)
4 74.5% (155) 20.5% (43) 5.0% (10) | 100% (208)
5 68.6% (181) 24.8% (63) 6.6% (15) | 100% (259)
6+ 62.6% (96) 22.2% (33) 15.2% (22) | 100%  (151)
Total 71.6% (744) 20.9% (212) 7.6% (74) | 100% (1,030)"

* There were 3 (0.7%) roasting joints with 1-3 days remaining to the shelf life, 1 (0.5%) with 4 days, 2 (0.8%) with 5
days and 7 (4.9%) with 6+ days which had E. coli levels present at >1,000 cfu/meat sample
A There were 8 roasting joints excluded from this analysis as the use by date could not be determined

3.7.11 Comparison of E. coli levels detected on retail steaks/chops purchased
from supermarkets and butchers
Steaks/chops sampled from butchers had significantly higher levels of E. coli than

those sampled from supermarkets (p<0.001).

Table 29 summarises the E. coli levels found on steaks/chops sourced from
supermarkets and butchers. Of the 932 steaks/chops confirmed positive for E. coli,
84.3% (461/545) sampled from supermarkets and 67.1% (254/387) from butchers had
E. coli levels at <10 cfu/meat sample. Steaks/chops sampled from butchers (11.5%;
45/387) had a greater proportion of E. coli levels at >100 cfu/meat sample than those
sampled from supermarkets (4.1%; 21/545). Steaks/chops sampled from butchers
(21.4%; 88/387) also had higher proportion of E. coli levels between 10-100 cfu/meat

sample than those sourced from supermarkets (11.6%; 63/545).

Table 29: E. coli levels detected on steaks/chops purchased from supermarkets and butchers

Retailer type E. coli levels (cfu/meat sample) Total

<10 10-100 >100%
Supermarket 84.3% (461) 11.6% (63) 41% (21) 100% (545)
Butcher 67.1% (254) 21.4% (88) 11.5% (45) 100% (387)
Total 77.2% (715) 15.6% (151) 7.1% (66) 100% (932)

* There was 1 (0.3%) steaks/chops purchased from supermarkets and 12 (3.3%) from butchers which had E. coli
levels present at >1,000 cfu/meat sample
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3.7.12 Comparison of E. coli levels detected on retail steaks/chops according
to packaging types
Significant differences in E. coli levels were observed for steaks/chops with different

packaging types (p=0.001).

Table 30 summarise the E. coli levels found on steaks/chops with different types of
packaging. Steaks/chops packed in a protective atmosphere and in clingfilm with a
tray had similar proportions of E. coli levels with 11.4% (46/410) and 12.1% (12/96) at
10-100 cfu/meat sample respectively and 3.4% (14/410) and 4.7% (4/96) at >100
cfu/meat sample respectively.

Vacuum packed and loose steaks/chops samples had a greater proportion of higher
E. coli levels than those samples packed in a protective environment and in clingfilm.
Of the vacuum packed steaks/chops tested, 19.0% (15/77) of samples had E. coli
levels at 10-100 cfu/meat sample and 10.9% (9/77) at >100 cfu/meat sample, whilst
20.7% (75/339) of loosely packed steaks/chops samples had E. coli levels of 10-100
cfu/meat sample and 11.7% (39/339) at >100 cfu/meat sample.

Table 30: E. coli levels detected on steaks/chops based on packaging type

Packaging type E. coli levels (cfu/meat sample) Total
<10 10-100 >100*

Packed in a protective atmosphere 85.2% (350) | 11.4% (46) 3.4% (14) 100% (410)

Vacuum packed 70.0% (53) | 19.0% (15) 10.9% (9) 100% (77)

Loose 67.6% (225) | 20.7% (75) | 11.7% (39) | 100% (339)

Clingfilm with tray 83.2% (80) | 12.1% (12) 47% (4) | 100% (96)

Total 77.4% (708) | 15.5% (148) 7.1% (66) | 100% (922)"

* No steaks/chops packed in a protective atmosphere and wrapped in clingfilm had E. coli levels present at >1,000
cfu/meat sample. There was 1 (0.9%) vacuumed packed and 12 (4.1%) loosely packed steaks/chops which had E.
coli levels present at >1,000 cfu/meat sample.

A There were 10 steaks/chops samples excluded from this analysis as the packaging type could not be determined
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4.0 DISCUSSION

This 1 s the Awgidesuwvwyosmidobiologital cbhkamination of fresh red
meat sold at retail. Previous reported surveys on red meat have focussed on the
levels of contamination on carcasses at the abattoir or on diced meat minced meat
and meat preparations such as burgers. These surveys were generally had a small
sample size, tested for only a few microorganisms and contained limited data of
relevance to the UK. An exception was the large UK wide survey carried out by
LACORS/HPA on Campylobacter and Salmonella on fresh meat at retail sale (Little et
al., 2003-2005) however this survey also included poultry, game meat, offal and diced
samples. No UK wide surveys have been undertaken looking at whole cuts of fresh

red meat at retail sale.

This survey aimed to address this knowledge gap by collecting information on the
frequency and levels of microbiological contamination on the surface of whole cuts of
fresh red meat on retail sale in the UK. The information was required to help the
Agency to build up a representative picture of the microbiological contamination found
on the surface of cuts of UK red meat sold at retail, as this is largely not available in
literature. The survey will also help to supportt he Agencyo6s Foodborr
Strategy to reduce UK foodborne disease and in the provision of food hygiene advice

to consumers.

A total of 6,243 fresh red meat samples were sampled from UK retail premises, of
which 245 were considered unacceptable for microbiological testing according to the
sampling protocol and were removed from the main analysis. In total, 5,998 red meat
samples were tested for Campylobacter, Salmonella, E. coli 0157, E. coli, Listeria
spp., L. monocytogenes, C. perfringens, S. aureus, Enterobacteriaceae and
Enterococcus spp. Confirmation testing for Y. enterocolitica was carried out only on
the first 2,429 samples collected.

The discussions under this section will focus on the 5 target foodborne pathogens
(Campylobacter spp., Salmonella spp., E. coli O157, L. monocytogenes and C.
perfringens) monitored by the Agency. E. coli (i.e. non-O157) is also discussed, as it

is a useful marker of faecal contamination of food products. The discussion will also
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focus on statistically significant findings particularly those which may be of interest to
stakeholders.  Relationships/interactions between variables shown by statistical

analysis to be significant will also be discussed.

Campylobacter, Salmonella and E. coli 0157

The low numbers of samples where Campylobacter (n=21), Salmonella (n=15) and E.
coli 0157 (n=1) were detected during the survey has meant that meaningful statistical
analysis of the data for these organisms was not possible. However a few general

observations can be made from the prevalence data summarised in this report.

The survey results indicate that Campylobacter spp. contamination on red meat is
very low. The overall prevalence of Campylobacter for all red meats tested was
measured at 0.36% (n=21/5,998). The prevalence of Campylobacter spp. was 0.92%
on lamb meat (n=7/1,056) whereas the prevalence on beef was 0.13% (n=4/3,249)
and 0.46% (n=10/1,693) on pork. The prevalence of Campylobacter spp. on meats
purchased from retail premises within England was 0.45% (n=17/4,245), 0.14% in
Scotland (n=1/742), and 0.18% in Northern Ireland (n=3/734). Campylobacter was not

detected in any of the meats purchased from retail premises in Wales (0%; n=0/277).

The prevalence level for Campylobacter determined during this survey was lower than
the 9.5% Campylobacter prevalence found in the LACORS/HPA raw red meat survey
(Little et al., 2003-2005). However, it is not appropriate to directly compare these two
surveys as the whole sample surface swab method used in this survey differs from the
excision method used in the LACORS/HPA survey. The LACORS/HPA survey also
included poultry, goat, game meat, offal and diced samples whereas these products
were excluded from this survey. The differences between the sampling design
(inclusion of poultry) and methodologies of these surveys are the likely cause for the
difference between their Campylobacter prevalence figures although it is known that
detection of Campylobacter can be problematic and an impact of different testing

protocols cannot be ruled out.

The most predominant Campylobacter species was C. jejuni which was detected in 20

of the 5,998 meat samples resulting in a prevalence of 0.34%. One sample was also
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positive for C. coli giving a prevalence of 0.02% (n=1/5,998). C. jejuni is usually
associated with poultry meat (ACMSF 2005) but can be found on red meat carcasses
albeit at low incidence levels (Kotula and Stern 1984). Therefore it was unusual to
find C. jejuni as the most abundant Campylobacter species on red meat. This
observation is also interesting as the majority of samples in which Campylobacter spp.
was detected (20 out of 21 samples that tested positive for Campylobacter spp.) were
sourced from butcher premises, which showed a contamination rate of 1.10%. This
could be an indication of poorer handling practices at traditional butchers and cross
contamination of the unpacked red meat from poultry. Since the slaughter and
processing of red meat and poultry meat invariably take place at separate premises, it
is unlikely that the cross-contamination occurred during processing.

Salmonella spp. was detected in 15 of the 5,998 meat samples giving a prevalence of
0.24%. Of the red meats sampled, pork exhibited the highest prevalence rate for
Salmonella at 0.51% (n=9/1,693); whereas the prevalence in beef was lower (0.18%;
n=6/3,249). Salmonella was not detected in any of the lamb samples tested (0%;
n=0/1,056). This was expected as it is known that Salmonella is more often
associated with other food animals such as pigs (Defra 2008 and Small et al., 2006).
The prevalence of Salmonella on red meat samples purchased from retail outlets in
England was 0.31% (n=13/4,245), 0.38% in Wales (n=1/277), 0.06% in Northern
Ireland (n=1/734) and was not found in any meat samples taken from Scotland
(n=0/742). The Salmonella prevalence data gathered from this survey were similar to
the low levels recorded in the LACORS/HPA survey (Little et al., 2005) and other retail
meat surveys (Wong et al., 2007; Cohen et al., 2006; Zhao et al., 2001).

The prevalence of Salmonella in pork samples purchased from Northern Ireland was
0.21% (n=1/207) which is lower than the level detected in a study of Salmonella on
Pork on the island of Ireland. This study that 5.5% (n=11/200) of pork samples taken
from butchers and supermarkets from the Northern Ireland were contaminated with
Salmonella (TEAGASC 2008).

The most predominant Salmonella species found in the 5,998 red meat tested was S.

Cerro which was detected in 7 samples (0.12%) followed by S. Typhimurium (0.07%;
n=4/5,998), S. Virchow (0.02%; n=1/5,998), S. Derby (0.02%; n=1/5,998), S. Dublin
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(0.02%; n=1/5,998) and S. Schwarzengrund (0.02%; n=1/5,998). S. Cerro was
detected on 4 beef and 3 pork samples. The majority of the S. Cerro positive samples
were steaks/chops (n=5/7) purchased from supermarkets (n=5/7) from England
(n=6/7). Analysis of the data recorded for S. Cerro positive meat samples revealed
that there were no obvious links between the meat type, retailer type, country and time
of purchase. Human data sourced from the HPA (2005 to October 2009) and the
2007 Salmonella in livestock production report suggests that it is rare to find S. Cerro
in farm production animals (cattle, pig and sheep) and animal feed and is not causing
illness in humans in the UK (VLA 2007). Therefore it was unusual to find S. Cerro as

the most predominant species in the meat samples tested.

Of the 5,998 red meat samples examined during this survey, E. coli O157 was only
detected on 1 sample giving a prevalence of 0.02%. This was a beef sample (0.03%;
n=1/3,249) purchased from a retailer in England, (0.02%; n=1/4,245). E. coli 0157 is
a key foodborne pathogen and a food safety issue, as it has been reported to have a
low infectious dose (<100 bacterial cells) and may result in serious illness and
potentially lead to death. It is known that these organisms are carried at high levels in
cattle and have been implicated in contamination of beef products (ACMSF 1995 and
Defra 2008). This finding suggests that, in general, the slaughter methods and
hygiene controls/measures used throughout the meat production chain appear to be

effective in terms of reducing E. coli O157 contamination in the meat samples tested.

The overall results from this survey indicate that the prevalence of Campylobacter,
Salmonella and E. coli O157 on fresh red meat sold at retail are low. This indicates
that the processes in the food chain up to the point of retail sale appear to be largely
effective in achieving low levels of surface contamination with these pathogens on
fresh red meat. The potential risk from acquiring food poisoning from meat
contaminated with these microorganisms is likely to be low. However, this is
dependent on the meat being cooked adequately and good hygiene measures
followed when handling and preparing fresh meat within the domestic kitchen to avoid

cross-contamination of ready-to-eat foods.
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Listeria spp. and L. monocytogenes

Listeria spp. was detected in 619 samples tested out of a total of 5,998 giving an
overall prevalence of 10.62%. Non-pathogenic L. welshimeri was the most
predominant species with prevalence of 6.01%. L. monocytogenes was found in 185
samples (3.17%), L. innocua in 125 (2.13%) and L. seeligeri in 4 (0.06%). The types
of Listeria species found on the meat were similar to those isolated in a UK-wide

microbiological survey of retail smoked fish (FSA 2008a).

The prevalence of Listeria spp. on meats purchased in England was 11.32%
(n=473/4,245), 7.87% in Scotland (n=58/742), 11.08% in Wales (n=28/277) and
9.16% in Northern Ireland (n=60/734). The prevalence of Listeria spp. was 11.54% on
pork (n=187/1,693), 10.88% on beef (n=353/3,249) and 9.34% (n=79/1,056) on lamb.
The UK Zoonoses Report reported that Listeria spp. are most frequently detected in
UK sheep and cattle (Defra 2008). The presence of Listeria spp. on pork cuts may be
a result of cross-contamination from the environment during the slaughtering and
processing stages prior to retail (Autio et al., 2000; Borch et al., 1996; Grahan and
Collins 1991; Luchansky and Doyle 1991; Sammarco et al., 1997).

L. monocytogenes was found in 185 samples out of a total of 5,998 giving a
prevalence of 3.17%. L. monocytogenes was more prevalent on lamb (3.80%;
n=33/1,056) and beef samples (3.42%; n=105/3,249) than those of pork (2.66%;
n=47/1,693) with the majority of Listeria isolated from the pork being non L.
monocytogenes.

Statistical analysis of results for different cuts of meat indicated that boneless
steaks/chops and steaks/chops containing bone had significantly reduced odds of
being contaminated with Listeria spp. in comparison to boneless roasting joint
samples (OR: 0.59 and 0.70; p<0.001 and p=0.033 respectively). However, smaller
cuts of meat are generally handled more than joints and, therefore are more likely to
become contaminated with bacteria during processing (ACMSF 2007). The surface
areas of roasting joints are much larger than the smaller steaks/chops and as

sampling was carried out by whole surface sampling, roasting joints are more likely to
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have greater levels of contamination on its surface. Therefore the likelihood of Listeria
spp. contamination being found on larger meat cuts is greater in comparison to the
smaller steaks/chops. It is also known that the part of the carcass from which the
meat is taken from can influence the level of contamination on different cuts of fresh
red meat (Stopforth et al., 2006).

Vacuum packed meats purchased from England, Scotland and Wales had significantly
increased odds of being contaminated with Listeria spp. in comparison to protective
atmosphere packed meats from England (OR: 2.49, 2.88 and 4.38; 95% CI. 1.66 -
3.73, 1.38 - 6.03 and 1.46 - 13.18 respectively). Loosely packed meats and meats
wrapped in clingfilm with a tray and purchased in England also had significantly
increased odds of being contaminated with Listeria spp. in comparison to protective
atmosphere packed meats from England (OR: 2.16 and 1.85; 95% CI: 1.62 - 2.88 and
1.30 - 2.64 respectively). Meats purchased from Scotland had significantly reduced
odds of being contaminated with L. monocytogenes compared with samples from
England (OR: 0.49; p=0.015).

Beef samples that were vacuum packed, loose and clingfilm wrapped (with a tray) had
significantly increased odds of being contaminated with Listeria spp. in comparison to
protective atmosphere packed beef samples (OR: 2.49, 2.16 and 1.85; 95% CI: 1.66 -
3.73, 1.62 - 2.88 and 1.30 - 2.64 respectively). Vacuum packed and loosely packed
lamb samples also had significantly increased odds of being contaminated with
Listeria spp. than beef samples packed in a protective atmosphere (OR: 3.54 and
1.89; 95% CI: 1.65 - 7.57 and 1.09 - 3.28 respectively). Vacuum packed meat
samples had significantly increased odds of being contaminated with L.
monocytogenes than meat samples packed in a protective atmosphere (OR: 2.18;
p=0.015). These findings might be a consequence of differences in the preparation,

handling and packaging practices in butchers in the different countries.

Meat sampled in the summer and winter months during this survey had significantly
reduced odds of being contaminated with Listeria compared to meat sampled during
spring (OR: 0.75 and 0.78; p=0.014 and p=0.049 respectively). However, this
observation is limited as this survey was not designed to detect seasonal variations

and no information was collected on when the animals were slaughtered.
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Statistical analysis of the enumeration data confirmed that the levels of Listeria spp.
and L. monocytogenes on the meat samples were very low. Where Listeria spp. were
detected on meat samples, the majority were present at less than 10 cfu/meat sample
(92.9%; n=574/619) with only 0.6% (n=4/619) greater than 100 cfu/meat sample. The
data also indicated that most of meat samples where L. monocytogenes was detected
(90.3%; n=167/185) had fewer than 10 cfu/meat sample of L. monocytogenes, with
only 2.4% (n=4/185) of samples having levels greater than 100 cfu/meat sample;

considered to be the minimum infective dose.

The findings reported here suggest that Listeria spp. and L. monocytogenes
contamination found on the surface of meat purchased at retail in the UK is low.
Adequate cooking of meat should ensure that this organism is destroyed. Therefore
the risk from getting listeriosis directly from red meat eaten immediately after cooking
is very low. However, because L. monocytogenes is able to grow at refrigeration
temperatures it is important that meat is handled hygienically to prevent cross-
contamination of ready-to-eat foods. It should be noted that, as no limit is specified in
the Microbiological Criteria Regulation (Reg. (EC) 2073/2005) for L. monocytogenes in
fresh red meats, it was not necessary to take any action for meat samples found to

contain more than 100 cfu/meat sample.

C. perfringens

The prevalence of C. perfringens on the red meat samples tested was 9.99%
(n=605/5,998). C. perfringens contamination was found to be more frequent on meats
purchased in Wales (15.27%; n=43/277) and England (10.63%; n=452/4,245) than in
Scotland (7.74%; n=59/742) and Northern Ireland (6.54%; n=51/734). C. perfringens
was also more prevalent on beef (15.01%; n=489/3,249) than lamb (5.20%;
n=55/1,056) or pork (3.34%; n=61/1,693). This was not unexpected, as beef joints

have in the past been implicated in C. perfringens outbreaks (Smerdon et al., 2001).
Statistical analysis of results for different cuts of meat indicate that, similar to the

Listeria findings, steaks/chops with or without bone had a significantly reduced

likelihood of being contaminated with C. perfringens in comparison to boneless
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roasting joints (OR: 0.54 and 0.40 respectively; p<0.001). This finding is unexpected,
as smaller cuts of meat undergo more preparation and handling steps than larger
roasting joints. Therefore, there should be more opportunity for these smaller cuts of
meat to be cross-contaminated with microorganisms. A possible explanation could be
that steaks/chops are much smaller in size and the surface area swabbed was less
than that for the roasting joints. Also since steaks/chops are more likely to be taken
from the middle of larger cuts of meat, they are less likely to come in contact with

microorganisms on the external surface of the carcass, than roasting joints.

Red meat samples purchased from butcher premises had significantly reduced odds
of being contaminated with C. perfringens compared to those purchased from
supermarkets (OR: 0.26; p<0.001). This could be due to the differences in the
sourcing, storage and method of preparing the meat. Red meat sold at butchers 6
premises may be brought as 6 h acérdasesé or large cuts from local abattoirs or
suppliers and may be hung for 20 to 30 days in cold storage before being butchered
and placed for sale on the counter. The aging process allows natural enzymes to
tenderise, darken and improve the flavour of the meat by breaking down the hard
connective tissues and evaporate water from the meats surface. Meats produced for
supermarkets are not aged but are likely to undergo additional processing steps as
they are sold pre-cut and pre-packed which could increase the risk of cross-

contamination, for example through handling, equipment or workers.

C. perfringens is an anaerobe and will not grow on refrigerated meat surfaces
exposed to air for prolonged periods of time. This may explain the lower prevalence
rate for meats purchased from butchers observed in this survey. This is supported by
the significant finding that meat from butchers is almost 4 times less likely to be
contaminated with C. perfringens than meat purchased from supermarkets (OR: 0.26;
p<0.001).

Seasonality was not examined in detail as part of this survey. However, it was
observed that meat purchased during the autumn months had a significantly increased
likelihood of C. perfringens contamination compared to the spring months (OR: 1.79;
p<0.001). It was also found that C. perfringens contamination on the meat samples

decreased as the samples approached their use by date. However, this relationship
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only existed in meat samples with 7 or more days remaining on their shelf lives. This
may be an effect of competition with other microorganisms or the packaging used

(vacuum packed meats).

Around 10% of red meat samples, mainly beef, sold at retail were contaminated with
low levels of C. perfringens (below 10 cfu). Although these levels of C. perfringens
are not considered to pose a food safety risk this organism is able to form heat
resistant spores and can grow to high levels if cooked meat is not cooled and
reheated carefully. This highlights the importance of adhering to existing advice to
reduce the risk of acquiring C. perfringens food poisoning; consumers should ensure
that meat is cooked thoroughly and that, once cooked, meat which is not for
immediate consumption should be cooled as quickly as possible (usually within 1 or 2

hours®) and then stored refrigerated or frozen.

E. coli

Most strains of E. coli are completely harmless and form part of the natural microbial
flora in the intestinal tract of humans and animals and are detectable in their faeces.
Approximately 32.94% (n=1,970) of the red meat samples tested during this survey
were found to be contaminated with E. coli. Almost all of these were non-pathogenic
strains of the types found normally in faecal samples. Although not a concern in terms
of food safety, the data collected provides an indication of the practices during
manufacture and retail; with higher levels being indicative of less effective process

hygiene and/or temperature control.

There are however some strains of E. coli which can cause illness by producing
harmful toxins, so called verocytotoxin-producing E. coli (VTEC), of which E. coli 0157
is the most significant. Of the 1,970 meat samples positive for E. coli only 1 was
found to contain E. coli O157. This suggests that the various controls used throughout
the meat production chain appear to be effective in terms of minimising the

contamination of red meat with this organism.

Further advice on cooling and storing food is
http://www.eatwell.gov.uk/keepingfoodsafe/storing/
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The prevalence data also indicated that E. coli contamination was less frequent on
meat samples taken from Northern Ireland (22.14%; n=174/734) than the other UK
countries. E. coli was more prevalent on pork (36.40%; n=626/1,693) than the other
meat types. These trends are similar to the prevalence recorded in other meat

surveys (Hanson 2001).

Statistical analysis of the results revealed that lamb sampled from supermarkets and
butchers were significantly less likely to be contaminated with E. coli when compared
with beef sampled from supermarkets (OR: 0.37 and 0.45; 95% CI: 0.22 - 0.63 and
0.22 - 0.92 respectively). Pork sampled from supermarkets was significantly more
likely to be contaminated with E. coli than beef samples purchased from supermarkets
(OR: 1.61; 95% CI: 1.18 - 2.21). The differences in slaughtering methods between
animal species may explain the significantly increased likelihood of pork being

contaminated with E. coli.

Steaks/chops were generally found to be less contaminated with E. coli compared with
boneless beef roasting joints. Lamb roasting joints without bone, steaks/chops without
bone and steaks/chops with bone had significantly reduced odds of being
contaminated with E. coli in comparison to boneless beef roasting joints (OR: 0.37,
0.17 and 0.18; 95% CI: 0.22 - 0.63, 0.08 - 0.38 and 0.04 - 0.72 respectively). Beef
roasting joints containing bone were found to be significantly less likely to be
contaminated with E. coli than boneless beef roasting joints (OR: 0.18; 95% CI: 0.05 -
0.67). E. coli is a hygiene indicator therefore this finding is expected due to the
additional handling associated with bone removal and the potential for cross-

contamination.

All meat sampled in the summer, regardless of packing type, had significantly
increased likelihood of E. coli contamination in comparison to protective atmosphere
packed meats sampled during spring (see Appendix Z Table 73 for ORs and 95%
Cls). Since the manufacture and storage of meat is temperature controlled it is likely
that the increase in E. coli contamination during the summer months is associated to
the animals on the farm. This finding also emphasises the need for consumers to
refrigerate meat as quickly as possible after purchase, especially in warm weather.

Vacuum packed meats sampled, regardless of season, had significantly increased
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likelihoods of E. coli being detected compared to protective atmosphere packed meats
sampled during spring (see Appendix Z Table 73 for ORs and 95% CIs). E. coli are

facultative anaerobes and are able to grow in environments which lack oxygen.

The enumeration data showed that the majority (74.2%; n=1,464/1,970) of E. coli
detected on the meat samples were at levels less than 10 cfu/meat sample with 18.4%
(n=364/1,970) between 10-100 cfu/meat sample, 7.4% (n=142/1,970) greater than
100 cfu/meat sample and 1.37% (n=27/1,970) greater than 1,000 cfu/meat sample.
The data also indicated that a greater proportion of pork roasting joints contained E.
coli levels greater than 100 cfu/meat sample in comparison to beef and lamb roasting
joints. Vacuum packed roasting joints also had a larger proportion of samples that
had E. coli levels greater than 100 cfu/meat sample. It should be noted that as no limit
is specified in the Microbiological Criteria Regulation (Reg. (EC) 2073/2005) for E. coli
in fresh red meats, it was not necessary to take any action for meat samples found to
contain more than 100 cfu/meat sample.

S. aureus, Y. enterocolitica, Enterobacteriaceae and Enterococcus spp.

The other microorganisms tested for in this survey (S. aureus, Y. enterocolitica,
Enterobacteriaceae and Enterococcus spp.) are not major human pathogens.
However, some are indicators of contamination that would have arisen through
general hygiene practices throughout the meat food chain to the point of retail sale
and determining their prevalence helped to build up a representative picture of the
different types and levels of microorganisms (both pathogenic and indicator

organisms) found on the surface of cuts of fresh meat sold in the UK.

In most cases, the prevalence of these organisms was found to be higher than the
other microorganisms tested for. The overall prevalence of S. aureus was 7.18%
(n=423/5,998), Y. enterocolitica was 10.91% (n=270/2,429), Enterobacteriaceae was
95.88% (n=5,752/5,998) and Enterococcus spp. was 48.15% (n=2,878/5,998).
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The presence of surface contamination does mean that there is potential for micro-
organisms to be spread to other foods through cross-contamination. This becomes
significant where other foods are expected to be consumed raw or have already been
cooked and are not expected to undergo further heat treatment before consumption.
Although the prevalence of pathogens in this survey is low, the high prevalence and in
some cases high numbers of indicator microorganisms reinforces the need for
consumers to adhereto t he Agencyod6s advice and principl

4Cs (cleaning, cooking, chilling and avoiding cross-contamination).
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5.0 CONCLUSIONS

This survey has demonstrated that the microbiological contamination of fresh red meat

by important foodborne pathogens sold at retail in the UK is low'®. As a result, the risk

of contracting foodborne illness from such meats would appear to be low, providing

that the meat is cooked thoroughly and good food hygiene practices are adopted to

minimise cross-contamination in the domestic kitchen.

The key findings were that:

The survey results indicate that Campylobacter spp. contamination on fresh red
meat is very low. Campylobacter was detected in only 21 of the 5,998 samples
tested, giving an overall prevalence of 0.36%; it was more prevalent in lamb than
other types of meat. The predominant Campylobacter species was C. jejuni, which

was detected in 20 of the 21 positive samples, C. coli being detected in the other.

Salmonella spp. was detected in only 15 of the 5,998 samples giving a prevalence
of 0.24%. Of the red meats sampled, pork exhibited the highest prevalence rate
for Salmonella. The most predominant Salmonella serotype found in the red meat
tested was S. Cerro which was detected in 7 samples.

E. coli was detected on the surface of 1,970 of the 5,998 red meat samples tested
giving a prevalence of 32.94% and was more prevalent on pork than the other
meat types. E. coli O157 was only detected on 1 sample (beef) giving a

prevalence of 0.02%.

Listeria spp. was detected in 619 of the 5,998 samples tested giving an overall
prevalence of 10.62%. Non-pathogenic L. welshimeri was the most predominant
species being found in 349 (6.01%) samples. L. monocytogenes was found in 185
samples giving a prevalence of 3.17% and was more prevalent on lamb and beef.
The majority of L. monocytogenes (90.3%; n=167/185) detected were present at

fewer than 10 cfu/meat sample with only 2.4% (n=4/185) samples greater than 100

1% The prevalence of Campylobacter, Salmonella and E. coli 0157 were <1%, 3% for L. monocytogenes
(0.07% above 100 cfu) and 10% for C. perfringens (all below 10* cfu).
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cfu/meat sample. These results confirm that the levels of L. monocytogenes found
on the surface of whole cuts of retail red meat often do not exceed the level of

concern for ready to eat foods (>100 cfu/g).

e C. perfringens was detected on the surface of 605 of the 5,998 red meat samples
tested giving a prevalence of 9.99% and was more prevalent on beef. Most of the
C. perfringens (85.9%; n=521) detected was present at less than 10 cfu/meat
sample. Sixty eight (11.4%) and 15 (2.6%) had levels of 10-100 cfu/meat sample
and 100-1,000 cfu/meat sample respectively whilst only 1 (0.2%) sample had C.
perfringens at 1,000-10,000 cfu/meat sample. No meat samples had C.
perfringens levels greater than 10,000 cfu/meat sample; levels of over 10° cfu/g

are considered a concern for causing illness.

e The low prevalence of human foodborne pathogens in the large number of
samples suggests that the slaughter methods and hygiene controls/measures used
throughout the meat production chain appear to be effective in reducing microbial

contamination by human pathogens.

e The prevalence of the other non-pathogenic microorganisms ranged from 7.18% to
95.88%.

e Statistical analysis revealed significant differences between packaging types
(vacuum and modified atmosphere packed) and between different cuts of meat
(steaks/chops and roasting joints), retailer type (supermarkets and butchers) and
season (of purchase) with respect to contamination of the meat with Listeria spp.,
C. perfringens and E. coli. Further details are provided in the results and

discussion sections of the report.

e Thorough cooking™ should kil off any pathogenic and non-pathogenic
microorganisms that may be present on the surface of red meat. This finding also
reinforces t he need for consumer s t o adh

(cleaning, cooking, chilling and avoiding cross-contamination) when handling and

1 Through cooking is defined by the Food Standards Agency as when the food product internal
temperature reaches 70°C and held for 2 minutes. Further information is provided in the Eatwell
website at http://www.eatwell.gov.uk/keepingfoodsafe/cooking/
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preparing whole cuts of red meat in the kitchen. Further information is available on
t he Food Standards Agencyads

http://lwww.eatwell.gov.uk/keepingfoodsafe/

This comprehensive survey will help the Agency to build up a representative picture of
the microbiological contamination found on the surface of whole cuts of fresh retail red
meat in the UK.

The Agency will consider the findings from this survey in relation to advice given to
consumers on the handling, storage and cooking of red meat within the domestic
setting. The data gathered from this survey may be suitable for use in risk
assessments and modelling of the transfer of microorganisms from meat to the kitchen

environment.
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