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OUTLINE

Background

Meat plays a key role in the Agency’s foodborne disease strategy and actions have been identified for both the poultry and red meat sectors.  Red meat, as well as white, remains a significant cause of foodborne outbreaks of infectious intestinal disease in the UK.  This survey will provide contamination data on several bacteria including all five micro-organisms on which the Agency’s foodborne disease reduction strategy is based.  Some of the less frequently investigated micro-organisms will also be included.

A paper published in 2001 indicated that 16% of the 1,426 general outbreaks reported between 1992 and 1999 were linked with the consumption of red meat.  Red meat is defined as being non-poultry meat such as beef, pig, lamb, goat or game.  Beef (34%) and pork (32%) were implicated most frequently whereas lamb was only implicated in 11% of red meat outbreaks[footnoteRef:1]1. [1: 1 WJ Smerdon, GK Adak, SJ O’Brien, IA Gillespie, M Reacher. General outbreaks of infectious intestinal disease linked with red meat, England and Wales, 1992-9. Communicable Disease and Public Health, Vol 4, no 4, December 2001
2 GK Adak, SM Meakins, H Yip, BA Lopman, SJ O’Brien. Disease risks from Foods, England and Wales, 1996-2000. Emerging infectious disease. www.cdc.gov/eid. Vol 11,3,March 2005] 


The total number of outbreaks reported to the Health Protection Agency (HPA) where red meat was implicated has been steadily decreasing and between 2000 and 2004 there were 39 outbreaks compared to 57 where poultry meat was implicated.  However, a recent HPA study carried out in England and Wales during 1996-2000 examining disease risks from foods highlighted red meat as a heavy contributor to deaths, despite lower levels of risk2 (57 deaths/ 100,000 cases for red meat compared to 38 deaths/ 100,000 cases for poultry).

In order to assess the intestinal carriage of human pathogenic bacteria in cattle, several UK surveys have been carried out at the time of slaughter.  The Public Health Laboratory Service (now HPA) analysed a number of samples in South Yorkshire for verocytotoxin-producing E. coli O157 and isolated the organism from 12.9% of cattle, 7.4% of sheep rectal faeces at slaughter, 1.4% of beef and 0.7% of lamb carcasses, and 0.4% of raw meat products[footnoteRef:2]3.  The Veterinary Laboratories Agency (VLA) and Department for the Environment, Food and Rural Affairs (Defra) have also conducted surveys at abattoirs in 2000 and 2003.  Results from both surveys showed that Salmonella carriage in pigs (23.4%) was significantly higher than in cattle or sheep.  The prevalence of E. coli O157 was 4.7% in cattle, 0.7% in sheep and 0.3% in pigs.  Campylobacter contamination was 54.6% in cattle, 43.8% in sheep and 67.3% in pigs4. [2: 3Chapman PA, Cerdan Malo AT, Ellin M, Ashton R, Harkin. Escherichia coli O157 in cattle and sheep at slaughter, on beef and lamb carcasses and in raw beef and lamb products in South Yorkshire, UK. Int J Food Microbiol. 2001 Feb 28;64(1-2):139-50
4http://www.defra.gov.uk/news/2004/041122a.htm] 


Information on current contamination levels in red meat sold at retail in the UK is limited.  In 1996, a one-year PHLS survey of E. coli O157 in raw meat products at retail was carried out in Sheffield. Strains of E. coli O157 were isolated from 36 (1.1%) beef products and 29 (2.9%) lamb products[footnoteRef:3]5.  As part of a more general study regarding microbiological examination of butchers’ premises in 1998, the HPA sampled a total of 2,330 raw meat products from 1,400 manufacturing butchers’ premises in the UK. E. coli O157 was isolated from 4 (0.2%), Salmonella from 84 (3.6%) and Campylobacter from 15 (0.6%) meat products[footnoteRef:4]6.  The ongoing HPA/LACORS survey of Campylobacter and Salmonella contamination rates on raw meats on retail sale started in April 2003.  Results show contamination rates of 4.5%, 5.8% and 11.7% for Campylobacter 0.7%, 3.4% and 1.3% for Salmonella in beef, pork and lamb respectively7.  [3: 5 Chapman PA, Siddons CA, Cerdan Malo AT, Harkin MA. A one year study of Escherichia coli O157 in raw beef and lamb products. Epidemiol Infect. 2000 Apr;124(2):207-13]  [4: 6 Little C, Gillespie I, de Louvois J, Mitchell R. Microbiological investigation of halal butchery products and butchers' premises. Commun Dis Public Health. 1999 Jun;2(2):114-8
7 Little C, JF Richardson, R Owen, LR Ward, E de Pinna, J Threlfall, RT Mitchell and the Food, Water and Environmental Surveillance Network. LACORS/HPA Co-ordinated Food Liaison Group Studies: Twelve Month Report on the Monitoring Study of Pathogens in Raw Meat] 


Objectives

The primary objective of this survey is to determine the levels of contamination of red meat on retail sale.  Samples will be tested for a range of foodborne pathogens and indicator organisms (Campylobacter spp., Salmonella spp., E. coli (O157 and non-O157), Listeria spp., Listeria monocytogenes, Yersinia enterocolitica, Clostridium perfringens, Staphylococcus aureus, Enterobacteriaceae and Enterococcus spp.).

It should be noted that this survey will focus on the contamination levels of red meat and is not intended to provide information on seasonality.  Information on a wide range of factors such as retailer type, country of origin and production types will be recorded.  However, sampling numbers may not be large enough to allow statistical comparisons for all of these determinants.

Publication of results

The FSA has a policy of openness and releases all details associated with samples analysed in its surveys including brand names, packing station codes and the company names and addresses of retail shops.  The Agency will not withhold further information collected in association with this survey unless it considers this to be in the public interest.   At the end of the survey, the results and all the information that has been collected about the samples will be published on the Agency’s website www.food.gov.uk.

Timetable

The first 3 months of the survey will be treated as a pilot study period after which results will be reviewed and the methods evaluated.  This will be followed by a final 12-month sampling period.  A proposed timetable is available at Annex 1.


SURVEY DESIGN

The total number of samples required will depend on the degree of contamination for each of the micro-organisms included in the study.  Since the contamination rates will vary considerably (and in most cases they are unknown), the decision has been taken to start with 5,000 samples and to assess the sampling plan to accurately measure the contamination rates required.  The initial sampling plan, will measure contamination rates within a ±1% interval, i.e. the true value of an observed 2% contamination rate will be within 1-3%.  The sampling plan may be modified if the contamination rates found are significantly different from 2%.

The UK core sample of 5,000 will be distributed amongst the countries, according to a weighted percentage based on population[footnoteRef:5]8 size multiplied by meat consumption[footnoteRef:6]9, as follows: [5: ]  [6: 8   Mid-2001 population estimates. Source: National Statistics
9 Includes carcass meat. Source: Family Food 2002-3 (Expenditure and Food Survey), DEFRA Statistics] 


Table 1: Consumption of meat in the UK 2002
	
	ENGLAND
	SCOTLAND
	WALES
	N. IRELAND

	Kg/person/week*
	0.232
	0.212
	0.222
	0.246

	Population figures**
	49,855,700
	5,057,400
	2,938,000
	1,702,600

	Total Kg/week
	11,566,522
	1,072,169
	652,236
	418,840

	% UK consumption
	84
	8
	5
	3



Sampling numbers will be boosted in Scotland and Northern Ireland to allow for overall comparisons of contamination of red meat in these countries.  Therefore, the total number of samples will be 5,919.

The contractor will be responsible for ensuring that the appropriate number of samples (as outlined in Annex 2) are collected in accordance with the sampling plan.  The contractor should ensure that sampling is carried out on a random basis throughout the period of the survey.  The contractor should aim to follow the sampling plan as far as possible and if deviations are necessary, these should be noted in the report to the Agency.  Seasonal effects are not being investigated; however the contractor must ensure that the number of samples is distributed evenly across countries for the duration of the survey.  Retail outlets should not be sampled more than once and no more than a total of 4 samples should be collected from any one store.  Where possible, a variety of price ranges and production types (free range, organic, etc.) should be sampled.

Retailers should receive payment for the meat at the time of sampling.  The contractors will be responsible for organising this payment.

Contractors should provide smaller independent retail outlets with a letter from the Agency informing them that samples have been taken from their premises in order to carry out a survey (Annex 3).   For larger retail chains this is not necessary and the relevant contact at head office will be sent a list of their premises from which samples have been obtained.


SAMPLING

Sample collection

It is essential that cross-contamination be avoided during collection of meat.  Precautions must therefore be taken at all stages to ensure that the equipment used during sampling, transport and storage is not contaminated with any of the pathogens investigated in the survey.

Contractors should aim to collect samples at random from the shelves and not necessarily at the front of the display.  Information on whether they were displayed should be recorded.

Only packaged fresh joints and steaks/chops of meat should be purchased although unwrapped meats may be purchased from smaller butchers.  Packaged meats where the packaging is not intact should not be purchased.  If the label on the meat is not clear, or is damaged, then it should not be purchased for the survey.  Contractors should aim at sampling equal amounts of steak/chop type and the larger roast type cuts.

Only unseasoned whole meats should be sampled for the survey, and other boned and rolled, blade tenderised, ready-basted, marinated, herbed or pre-prepared meats should not be included.

Samples should be purchased at least 2 days before the “use-by” date. At the time of purchase, the sampling officer should provide the retailer with a letter detailing the purpose of the sample and contacts within the Agency and the testing laboratory (Annex 3).

Each sample should be placed in a plastic bag, sealed and transported to the laboratory in a cool-box held at ≤5°C with a calibrated data logger to monitor temperature.  On arrival at the laboratory, the temperature of the sample should be measured prior to storage and testing, and noted in the appropriate box of the recording sheet (Annex 4).

It is essential to identify the pack-producer codes (and health marks/supplier codes when possible) from each sample so that the origin of the meat can be determined retrospectively.  It has been noted that the country of origin of a meat pack is not always apparent from examining the label.  The Agency will seek co-operation from retailers to permit identification of imported meats.

Sample information

The required data to be recorded from each sample is shown in Annex 4.  Other information, such as sample description should be included under the comments section in part 2-sample details (i.e. boneless pork chop xx cm thick, upper half leg of pork xx surface diameter and cc thick on the bone).  Information about each sample must be fully recorded on a data sheet before testing and each sheet must be completed by adding the results from microbiological testing.  The information is to be entered into a spreadsheet that is compatible with Microsoft Excel 97.


TESTING

Receipt of the samples

On receipt of the samples, laboratories should check the information recorded by the sampler and complete the relevant section in the form supplied in Annex 4.  The information is to be entered into a spreadsheet compatible with Microsoft Excel 97.

The labels from the packaging must be retained and photographed using a digital camera so all information is reproduced clearly.  All digital photographs should be saved as j peg files, placed on a CD and provided to the Agency at intervals throughout the survey.  Photographs should be clearly labelled with the sample reference number.

All meats tested should be stored at ≤5°C and tested within 24 hours of purchase.  Testing within 48 hours will be acceptable for samples from less accessible areas of the UK i.e. Scottish islands.

Methodology

Before any microbiological testing is carried out on the sample, the surface of the packaging should be sanitised to prevent contamination from the packaging occurring on the meat during unwrapping.  The methodology for testing is set in Annex 5.

Data handling and reporting

At monthly intervals, the contractor will submit to the Agency a summary report containing details of the samples collected to date.

An interim report (electronic and hard copy) containing a summary of the results to date and the photographed labels will be submitted to the Agency at monthly intervals.  The contractor will be expected to incorporate into their spreadsheet data on any isolates sent for typing. A bi-monthly report should be submitted to the Agency containing a breakdown of findings.

The contractor is responsible for collating all the results and a final report will be submitted to the Agency once the survey has been completed.  The report will present summary statistics on the prevalence of all micro-organisms tested, together with a breakdown of the serotype and phage types where appropriate.  The contractor should not subject the results to detailed statistical analysis, as this will be undertaken by the Agency’s statisticians. 

The contractor must retain all forms, documentation and electronic files until further notice from the Agency in case of issues arising after completion of the survey.  It is not necessary to provide the FSA with hard copies of forms. However, this information must be available to the FSA if required.

Quality assurance

In order to ensure a high level of accuracy in data entry, checking and back up of information must be undertaken to an appropriate accredited standards e.g. ISO 17025 and certified by an appropriate organisation (e.g. UKAS).  The contractor must also be able to demonstrate satisfactory performance in the testing of food for all micro-organisms tested for through participation in an external proficiency-testing scheme (e.g. HPA, FEPAS).  This should include the testing of External Quality Assessment samples by a different technician on three occasions throughout the survey.  The FSA will visit the contractors during the course of the survey to assess how the work is being carried out.

Zoonoses Order 1989

Under the Zoonoses Order 1989, laboratories, which isolate Salmonella from foodstuffs, must provide Defra (Scottish Executive Environment and Rural Affairs Department (SEERAD) in Scotland and Department of Agriculture and Rural Development in Northern Ireland (DARDNI)) with a listing of subtype found together with the name of the premises where the meat was purchased.



ANNEXES


ANNEX 1: PROPOSED SURVEY TIMETABLE

	29 July 2005
	Protocol finalised

	1 August 2005
	Request for full bids

	17 November 2005
	Appraisal of full bids

	2 December 2005
	Contractor finalised

	January 2006
	Contract signed

	1 February 2006
	Contract and sampling starts

	1 May 2006
	End of pilot stage- First interim report

	1 August 2007
	End of sampling and testing period

	31 September2007
	Final report received

	Late 2007 / Early 2008
	Final report published
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ANNEX 2: SAMPLING PLAN AT START OF THE SURVEY

	RETAILER
	ENGLAND
	WALES
	SCOTLAND
	N. IRELAND

	
	Beef 
	Pork
	Lamb
	Beef 
	Pork
	Lamb
	Beef 
	Pork
	Lamb
	Beef 
	Pork
	Lamb

	Aldi
	11
	6
	4
	1
	1
	1
	2
	1
	1
	0
	0
	0

	Alldays
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Asda (includes Dales & Wal-mart)
	266
	138
	84
	19
	10
	6
	73
	38
	23
	0
	0
	0

	Budgens
	9
	5
	3
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Butchers
	621
	322
	195
	41
	21
	13
	132
	69
	42
	220
	114
	69

	Curleys
	0
	0
	0
	0
	0
	0
	0
	0
	0
	5
	3
	2

	Dunnes Stores
	0
	0
	0
	0
	0
	0
	0
	0
	0
	22
	11
	7

	Iceland
	25
	13
	8
	2
	1
	1
	3
	2
	1
	9
	5
	3

	Kwik-save
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Marks and Spencer
	64
	33
	20
	5
	3
	2
	13
	7
	4
	8
	4
	3

	Netto
	13
	7
	5
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Morrisons/ Safeway
	271
	141
	86
	19
	10
	6
	64
	34
	21
	26
	14
	8

	Others**
	73
	38
	23
	3
	2
	1
	26
	14
	9
	7
	4
	2

	Sainsburys
	352
	182
	110
	15
	8
	5
	19
	10
	6
	20
	11
	7

	Savacentre
	5
	3
	2
	0
	0
	0
	1
	1
	1
	0
	0
	0

	Somerfield, Gateway, Food Giant, KwikSave
	116
	60
	37
	17
	9
	6
	17
	9
	6
	0
	0
	0

	Spar
	3
	2
	1
	0
	0
	0
	0
	0
	0
	8
	4
	3

	Supervalu
	0
	0
	0
	0
	0
	0
	0
	0
	0
	21
	11
	7

	Tesco
	372
	193
	117
	23
	12
	8
	47
	24
	15
	51
	27
	16

	Waitrose
	76
	39
	24
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Total
	2278
	1183
	720
	145
	77
	49
	397
	209
	129
	397
	208
	127



*,	Morrisons/ Safeway also include Presto/Lipton/Templeton/Galbraith
**,	Others include Co-op/Homeworld/Leo/Living/Market Fresh/Normid/Pioneer/Plymco/Scotmid/Stop&Shop


ANNEX 3: NOTIFICATION OF SAMPLING - LETTER TO RETAILERS 


Letter to be sent to retailers during sampling


<Date>

Dear 


This letter has been given to you by a [type of sampling officer] from [insert name of contractor].  

The [type of sampling officer] is authorised by the [name of contractor] to carry out food sampling work, and has purchased fresh red meat from your premises as a food sample, which is to be used for a food surveillance survey.

The aim of this particular survey is to produce an ongoing estimate for the microbiological contamination in fresh red meat available to consumers at retail level in the UK. Fresh red meat cuts are being sampled and tested during a 15 month period.  

This survey is being funded by the Food Standards Agency who has commissioned [insert name of contractor] to carry out the sampling.

Your premises have been visited as one of the retail outlets where people may buy cuts of fresh red meat - the subject of this survey.  The fresh red meat purchased from your premises will be taken to [insert name of lab] for testing, and you will be provided with the results of this testing by a letter from the Food Standards Agency.  Please note that the survey is not for enforcement purposes.

The results of the samples taken in this survey will be collated and will form part of a report on the microbiological contamination levels on fresh red meat sold at retail within the UK.  This report will be published by the Food Standards Agency.  At the end of the survey, in line with Food Standards Agency policy on openness and transparency in relation to food safety and matters of interest to consumers relative to food, individual retailers/producers of the fresh red meat sampled will be published on the Agency’s website www.food.gov.uk as part of this report.  

Should you have any queries, please contact Dr Chun-Han Chan, Microbiological Safety Division on the following telephone number: 020 7276 8957 or send an E-mail to Chun-Han.Chan@foodstandards.gsi.gov.uk.

Yours sincerely

ANNEX 4: SAMPLING FORM

	Sampling form - Red meat survey
	


 (
Draft 4
)SAMPLER USE ONLY
Retail Premises details
	Sampler Name
	     
	Sampler ref no.
	     



	Name of premise(s), number and address
	     


Postcode       


[bookmark: Check3]Premises type:	Supermarket	|_|	Butcher	|_|	Market stall	|_|
		Other	|_|	please specify
	     


Sample details - Part 1
	Purchase date
	     
	Brand name
	     



	Purchase time
	     
	Storage temperature (°C) 
	     


Type of meat:	Beef	|_|	Pork	|_|	Lamb	|_|
Type of cut:	Roast	|_|	Steak / chop	|_|
	Description of cut
	     


Cut contains bone:	Yes	|_|		No	|_|
Production type:	Organic	|_|	Free-range	|_|	Intensively farmed	|_|
		Other	|_|	please specify
	     



	Identification mark
	     


Food Assurance Scheme:	Yes	|_|	No	|_|
	If Yes, please specify
	     



	Country of origin
	     



	Packer / producer name (if applicable)
	     



	Address of packer/ producer
	     

Postcode       



	Purchase price
	     
	Use by date
	     



	Comments
(i.e. type of package/ package condition)
	     


The results of the sample will be sent by the co-ordinating laboratory to the 
Microbiological Safety Division at the Food Standards Agency.
	If you require further information regarding this survey, please contact:
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LABORATORY USE ONLY
Sample details - Part 2
	Weight of sample (grams)
	     
	LIMS number
	     


Appearance / condition of the meat:	Acceptable	|_|	Unacceptable	|_|
	Date received / checked
	     



	Time received / checked
	     
	Temperature on receipt
	     


Photograph of package taken?	Yes	|_|	No	|_|
	Comments
	     


Microbiological Results
	
	Sent for serotyping / specification
	
ND
	
Det
	<10/
<20/
<100
	10/20
<102
	102
<103
	103
<104
	104
<105
	105
<106
	106
<107
	
>107

	Salmonella spp. 
	[bookmark: Check4]|_|
	|_|
	|_|
	
	
	
	
	
	
	
	

	Campylobacter spp. 
	|_|
	|_|
	|_|
	
	
	
	
	
	
	
	

	Listeria spp. (Total) 
	|_|
	
	
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|

	L. monocytogenes
	|_|
	
	
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|

	Clostridium perfringens
	|_|
	
	
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|

	
VTEC
	O157
	|_|
	|_|
	|_|
	
	
	
	
	
	
	
	

	
	Non-O157 (please 
[bookmark: Text4]specify)      
	|_|
	|_|
	|_|
	
	
	
	
	
	
	
	

	Enterobacteriaceae
	|_|
	
	
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|

	Staphylococcus aureus
	|_|
	
	
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|

	Yersinia enterocolitica (if pork)
	|_|
	|_|
	|_|
	
	
	
	
	
	
	
	

	Enterococcus spp.
	|_|
	
	
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|
	|_|



	Comments
	     




ANNEX 5: LABORATORY METHODOLOGY

Overview

Meat samples will be analysed for a wide range of pathogens and indicator micro-organisms.  Detection methods will be used for Salmonella spp., Campylobacter spp., E. coli O157 and Yersinia enterocolitica.  Detection and enumeration methods will be used for E. coli non-O157, Listeria spp., Listeria monocytogenes, Clostridium perfringens, Enterobacteriaceae, Staphylococcus aureus and Enterococcus spp.

Sampling methodology

Wear suitable single-use gloves for handling the meat, changing gloves after each sample.  Remove the packaging, place meat on sterile tray, weigh the sample and record this information in the sheet provided.

Aseptically place a sterile sponge (EnviroSponges BP-237-SPG Serilab Services Harrogate, UK) into a medium stomacher bag (Seward, BA6041) to form a single sponge swab.  Immediately before use, moisten the sponge with 10ml Peptone Salt Broth (Maximum Recovery Diluent, MRD, Oxoid CM0733).  Grasp the sponge with a gloved hand through the bag, inverting the bag over the hand to expose the moistened sponge.  Pass the sponge with firm manual pressure over the entire meat surface, then reinvert the bag over the sponge.  Add 35 ml MRD to the bag and squeeze the sponge firmly by hand from outside the bag for one minute to release the bacteria into the liquid.  Take care not to aerate the liquid or cause foaming.


DETECTION ONLY 

Testing for Campylobacter spp.

Follow ISO/DIS 10272 with the following modifications.  Add 1 ml MRD from the bag to an appropriately sized screw capped container.  Add Bolton Broth (BB) (9ml) to achieve a max 2cm head space. Incubate 37°C for 4h (normal incubator) note this is a modification of the ISO microaerobic conditions.  Incubate 41.5°C for 40-48h (normal incubator) and streak onto Charcoal Cefoperazone Deoxycholate Agar (mCCDA) and Preston Agar (pre-dried plates to minimise colony streaking). 

Incubate at 41.5°C (microaerobic conditions) use a gas generating kit or system but ensure the conditions described in ISO are achieved.  Examine plates at 48h and again up to 5 days (note this is a modification) in order to increase the number of positives.

Pick suspect colonies (at least 3) and send for speciation (note Campylobacter colonies are often not pure on either agar).

Testing for Salmonella spp.

Follow EN/ISO 6579. Add 1ml MRD from the bag to 9ml of Buffered Peptone Water in a sterile jar, and incubate at 37°C for 18±2hh.  After this pre-enrichment, transfer 0.1ml of the incubated BPW into 10ml Rappaport Vassiliadis Soya Peptone Broth (RVS), and incubate at 41.5°C for 24h, and transfer 1ml into Muller-Kauffmann Tetrathionate-Novobiocin Broth (MKTTn), and incubate at 37°C for 24h.  Following enrichment, a 10μl loop from each enrichment broth should be plated onto each of Brilliant Green Agar (BGA) and XLD medium and then incubated at 37°C for 24h.  Presumptive Salmonellae are to be sent for confirmation. 

Testing for Escherichia coli O157

Follow ISO 16654. Add 1ml MRD from the bag to 9ml of modified trypticase soya broth with novobiocin (MTSB + N) in a stomacher bag.  Incubate at 41.5°C for 6 h and then a further 12-18 h.  Use a magnetic separator and antibody-coated immunomagnetic particles to carry out the capture/separation procedure and washing with sterile wash buffer as described in the ISO method.  Transfer 50μl of the washed and re-suspended magnetic particles on a cefixime tellurite sorbitol MacConkey agar (CT-SMAC) and incubate at 37°C for 18h to 24h to obtain isolated colonies and to a second isolation medium (see ISO).  Send presumptive E. coli O157 for further testing.

Testing for Yersinia enterocolitica

Follow ISO 10273.  Prepare two initial solutions, one by adding 1ml MRD from the bag to 9ml of peptone sorbitol bile salts broth (PSB) and the second by adding 1ml MRD to 99ml of Irgasan, ticarcillin and potassium chlorate (ITC) broth. 

For PSB, incubate at 22°C to 25°C for 48 to 72h.  Inoculate the surface of a cefsulodin, irgasan and novobiocin agar (CIN).  Also add 0.5ml of the PSB culture to 4.5ml of potassium hydroxide and mix. Inoculate the surface of a CIN agar.  For ITC, inoculate the surface of a Salmonella/Shigella with sodium desoxycholate and calcium chloride agar (SSDC).  Invert the dishes and place in an incubator at 30°C for 24h.  Send for presumptive Yersinia isolates for further testing.


DETECTION AND ENUMERATION

Testing for non-O157 Escherichia coli 

Follow ISO 16649 Add 1ml MRD from the bag to 9ml of Buffered Peptone Water.  Homogenise by stomaching and prepare further dilutions if required. Take 1ml of the homogenate or dilution and place into sterile Petri dish, pour 15ml of tryptone-bile-glucuronic (TBX) medium (cooled to 44-47°C in the water bath) Carefully mix the inoculum with the medium and allow to solidify for no more than 15mins. Incubate plates at 44°C for 18-24h.

Testing for Staphylococcus aureus

[bookmark: _Hlt107134411]Follow ISO 6888. Add 1ml MRD from the bag to 9ml of single-strength modified Giolitti and Cantoni broth. Incubate the initial suspension for 24±2h at 37°C.  Inoculate 0.5ml onto the surface of separate plates of Baird-Parker agar and incubate at 37°C for 48±2 h.  Count typical colonies.  Perform slide coagulase test as described in the ISO method to calculate the total S. aureus count.  

Testing for Listeria spp. and Listeria monocytogenes

Follow ISO 11290.  Add 1ml of MRD from the bag to 9ml of half-Fraser broth and let it stand for 1 h at 20°C to resuscitate the stressed micro-organisms.  Transfer 0.1ml to each of two dishes of PALCAM agar and incubate at 37°C for 24 to 48h.  Enumerate Listeria spp. and Listeria monocytogenes colonies as described in the ISO method.  Send for presumptive Listeria for further testing.

Testing for Clostridium perfringens

Follow ISO 7937.  Add 1ml of MRD from the bag to 9ml of BPW. Transfer 1ml to a sterile Petri dish and add 15-20ml of molten sulphite cycloserine (SC) agar and allow to set.  Add an overlay of 10ml of the same agar once and allow to set.  Incubate at 37°C for 18-24h.  Count black colonies and send for Clostridium perfringens further testing.
 
Testing for Enterobacteriaceae

Follow ISO 21528.  Add 1ml of MRD from the bag to 9ml of BPW.  Inoculate 1ml into an empty Petri dish and add approximately 15ml of molten violet red bile glucose agar (VRBGA).  Mix and allow to set. Add an overlay of 10-15ml of the same agar and allow to set.  Incubate at 37°C for 24h.  Count typical colonies.

Testing for Enterococcus spp.

In the absence of an ISO-method for testing of Enterococcus with meat in the scope, other equivalent methods such as BSOPID 4 “Identification of Streptococcus species, Enterococcus species and morphologically similar organisms should be used for its detection and enumeration”.  Please ensure that KF streptococcal agar is used. 


FURTHER SPECIALIST TESTING

Once initial identification of the isolates have been made further testing for speciation (where required) will be carried out.  Multiple picks of isolates of all pathogens found will be sent to the appropriate reference laboratory at the Health Protection Agency in Colindale (London) for confirmation, serotyping, phage typing, antibiotic susceptibility testing and archiving. Information on how isolates should be subcultured and send to the reference laboratory can be obtained from the HPA’s website (http://www.hpa.org.uk/srmd/reference_tests_index.htm).  This work is funded under Food Standards Agency research projects B10003/B18016/B18026.


APPENDIX B: DISTRIBUTION OF RETAILERS SAMPLED DURING THE SURVEY

Figure 1: Distribution of retailers sampled during the red meat survey



APPENDIX C: QA/QC FOR THE RED MEAT SURVEY

The microbiology team at CSL has held UKAS accreditation for a number of methods since 1999.  Methods for the Red Meat Survey were regarded as an extension to the existing scope.  From the start of the main survey systems were in place for work to be performed to an accredited standard, which was then assessed by UKAS.

Formal accreditation for enumeration methods was granted on 04 April 2007 and for detection methods on 24 July 2007.

IQC Method Summary:
An internal quality control programme (IQC) was carried out on a weekly basis for all detection and enumeration methods used for the Red Meat Survey.  Pure cultures of positive control organisms were diluted and spiked into MRD containing a fresh meat swab (therefore naturally occurring background flora also).  The detection methods were performed in duplicate by 2 technicians, according to the survey methods.

IQC was carried out every Tuesday, to coincide with the first day of testing RMS samples each week on a 12 week rolling programme as summarised below:

Letter code for methods:
	Enumeration
	Detection

	A
	E. coli
	G
	Salmonella

	B
	Enterobacteriaceae
	H
	Campylobacter

	C
	C. perfringens
	I
	Yersinia

	D
	Enterococcus spp.
	J
	E. coli O157

	E
	S. aureus
	
	

	F
	Listeria spp./L. monocytogenes
	
	



12 week rolling programme of methods and levels:
	Week
	Enumeration
	Detection

	
	Method
	Level
	Method
	Level

	1
	A
	low
	G
	low

	2
	B
	medium
	H
	low

	3
	C
	low
	I
	low

	4
	D
	medium
	J
	medium

	5
	E
	high
	G
	low

	6
	F
	low/medium
	H
	medium

	7
	A
	medium
	I
	medium

	8
	B
	high
	J
	low

	9
	C
	low
	G
	medium

	10
	D
	low
	H
	low

	11
	E
	medium
	I
	low

	12
	F
	low/medium
	J
	low



Estimated cfu/ml at each inoculation level
low:		<100
medium:	100-1000
high:		>1000

All IQC plates and broths were incubated with the corresponding sample plates and broths.  All parts of the methods, including confirmations were performed according to RMS SOPs.

Interpretation of results:

Detection methods:
The number of cells (mean cfu/ml) added to the selective enrichment broth was calculated and the level assessed for appropriateness by a Senior Microbiologist.

The acceptable result was ‘present’ for the test organism.  If this was not the case a senior microbiologist was informed as soon as the result is known and the test repeated as soon as possible.  A senior microbiologist investigated and documented the reasons for the IQC failure, which included reviewing the inoculum level.  For very low inoculum levels there was a chance that the organism would not be recovered due to the limitation of the method.

Enumeration methods:
The number of cells (mean cfu/ml) inoculated into the selective agars was calculated and the level assessed for appropriateness by a Senior Microbiologist.

Where IQC failed to detect or enumerate the inoculated organism correctly, the test was repeated and the cause of the failure investigated and documented.

The acceptable result was two fold.  Firstly there had to be counts from both CBA and the selective agar.  If this was not the case a senior microbiologist was informed as soon as the result was known and the test repeated as soon as possible.  Secondly, the percentage recovery for the selective agar had to be >50 %.  If this was not the case the test was repeated as soon as possible.  In both cases a senior microbiologist was required to investigate and document the reasons for the IQC failure.

Results Summary:

Detection Methods
IQC had scores of 100% for E. coli O157, Campylobacter and Salmonella detection methods for all levels.  Yersinia detection had a score of 83.3% with only one failed recovery.

Enumeration methods
IQC for enumeration of E. coli, S. aureus, C. perfringens and Enterobacteriaceae all had recoveries of well above the 50% level required.

IQC for enumeration of Enterococcus spp. and L. monocytogenes/Listeria spp were on occasion less than the 50% level required.  L. monocytogenes was enumerated at each attempt.  On one occasion Listeria spp could not be recovered due to the scheduled low level inoculum, this was also true on two occasions for Enterococcus spp.

External Proficiency Standard Scheme Participation:

HPA-EQA 
CSL microbiology team has participated in the Health protection Agency (HPA) Standard External Quality Assessment (EQA) Scheme for more than 10 years.  The freeze-dried proficiency samples were rehydrated in Nutrient Broth as per the instructions from the scheme and aliquots added to diluent and enrichment broths.  For the detection methods 25ml was added to 225ml of appropriate enrichment broth.  For the enumeration methods 10ml was added to 90ml of diluent.  The proficiency samples were then examined using the methods agreed for the survey.

The following examinations were carried out during the period March 2006-April 2007 (during the FSA Red Meat Survey):
L. monocytogenes enumeration/examination x 4
Coagulase positive S. aureus enumeration x 6
C. perfringens enumeration x 4
E. coli enumeration x 4
Enterobacteriaceae enumeration x 4
E. coli O157 detection x 4
Salmonella spp. detection x 8
Campylobacter detection x 4

Overall Results
The cumulative summary of results for this period was:
98.6% for pathogen examinations/enumerations
87.5% for indicator organisms examinations/enumerations

Detection Results
Results reported as present or absent in 25g.

Campylobacter spp.

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0357
	Present
	Present
	Pass

	S0358
	Absent
	Absent
	Pass

	S0369
	Present
	Present
	Pass

	S0370
	Present
	Present
	Pass



Salmonella spp.

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0357
	Present
	Present
	Pass

	S0358
	Absent
	Absent
	Pass

	S0361
	Present
	Present
	Pass

	S0362
	Absent
	Absent
	Pass

	S0369
	Present
	Present
	Pass

	S0370
	Present
	Present
	Pass

	S0377
	Present
	Present
	Pass

	S0378
	Absent
	Absent
	Pass



E. coli O157

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0365
	Absent
	Absent
	Pass

	S0366
	Present
	Present
	Pass

	S0373
	Absent
	Absent
	Pass

	S0374
	Present
	Present
	Pass



Enumeration Results
Results reported as cfu/g.

L. monocytogenes

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0357
	<10
	<10
	Pass

	S0358
	<10
	<10
	Pass

	S0377
	<10
	<10
	Pass

	S0378
	2.5 x 105
	6.3 x 104 - 1.0 x 106
	Pass



E. coli

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0357
	1.8 x 105
	1.8 x 104 - 4.0 x 105
	Pass

	S0358
	4.3 x 105
	2.8 x 104 - 6.3 x 105
	Pass

	S0369
	6.8 x 102
	5.0 x 102 - 8.9 x 103
	Pass

	S0370
	2.5 x 104
	5.0 x 104 - 5.0 x 105
	Fail




C. perfringens

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0361
	<10
	<10
	Pass

	S0362
	3.5 x 103
	3.8 x 102 - 6.0 x 103
	Pass

	S0373
	1.6 x 104
	1.8 x 103 - 5.0 x 104
	Pass

	S0374
	<10
	<10
	Pass



Enterobacteriaceae

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0357
	1.2 x 103
	5.0 x 102 - 5.0 x 103
	Pass

	S0358
	<10
	<10
	Pass

	S0369
	5.3 x 103
	1.8 x 103 - 1.8 x 104
	Pass

	S0370
	1.3 x 105
	5.6 x 104 - 5.6 x 105
	Fail



Coagulase positive S. aureus

	Sample number
	CSL result
	HPA expected result
	Pass/Fail

	S0365
	<10
	<10
	Pass

	S0366
	2.5 x 104
	6.3 x 103 - 7.9 x 104
	Pass

	S0369
	3.7 x 104
	1.4 x 105 - 1.4 x 106
	Fail

	S0370
	<10
	<10
	Pass

	S0377
	4.6 x 102
	1.8 x 102 - 1.8 x 103
	Pass

	S0378
	5.8 x 104
	2.0 x 104 - 2.0 x 105
	Pass



Media QC:
All media was prepared in-house and an initial pH checks taken prior to use.  If media pH fell out of the manufacturer’s specified range, it was re-checked and if failed again, the batch discarded and a new media batch prepared.

Every time media was used, positive, negative and sterility controls were prepared to check media quality.  Only media which passed the initial QC checks was used.

From June 2007 media QC methods altered to give a quantitative result for media QC.  Positive growth checks were carried out for all agar using low level inoculum of appropriate organism on selective/non-selective agar and either CBA or NA (dependent on the organism).  A minimum of 50% recovery is a “pass” for all selective agars and 70% a “pass” for non-selective agars.

Positive growth checks for liquid media were prepared by inoculating with low level inoculum at a predetermined level according to Media QC SOP.

Negative growth checks for agars and broths were also carried out in a similar manner and sterility checks prepared also.

Again, only media which passed the initial QC checks was used.


APPENDIX D: LIMITS OF DETECTION AND STANDARD DEVIATION OF REPRODUCIBILITY FOR THE MICROBIOLOGICAL METHODS 

Limits of detection
The limit of detection (LOD) is defined as the lowest quantity of a substance that can be distinguished from the absence of that substance at a confidence of 95% e.g. the lowest count of a particular microorganism that is deemed positive.  If a microorganism is not detected, it means that the microorganism is either not present or are present in numbers below the LOD.  

The LOD for Salmonella spp. and E. coli O157 were defined using Newton’s method on the log likelihood function, whilst logistic regression was used for Campylobacter spp. and Yersinia spp.

Where the Newton’s method on the log likelihood function was used, a solution with known levels of contamination was tested 20 times, diluted by a factor of 10 and then tested another 20 times.  The dilution is repeated until enough data is collected to set the LOD.  More dilutions and fewer tests were used when using logistic regression to define LOD.

Using these principles, the LOD in the test solution for four key pathogens were estimated to be:

	Organism
	LOD

	Campylobacter
	19.8 cfu/ml

	Salmonella
	14.9 cfu/ml

	E. coli O157
	6.5 cfu/ml

	Yersinia spp.
	1,000 cfu/ml




Campylobacter spp.
A solution containing 1.5108 cfu/ml was diluted by 107 and 108 and to give solutions with nominal concentrations of 15 cfu/ml and 1.5 cfu/ml.  However the uncertainty associated with the enumeration of microbiological organisms are typically  0.5 log units.  Hence the diluted solutions may contain as many as 47.4 and 4.74 cfu/ml respectively.  These upper confidence limits were used so that estimates of LOD were robust against the uncertainty associated with the concentration of the initial solution.

Table 2: Initial results reported in a method validation study for a method for the detection of Campylobacter spp.

	Set
i*
	Concentration (cfu)
c*
	Number of test
n*
	Number of positive
x*

	1
	47.4
	20
	16

	2
	4.74
	20
	13


*, Symbols used in equations

The initial maximum likelihood estimate of the LOD was 48.3 cfu/ml with a 95% confidence interval spanning the range from 31.7 to 76.0 cfu/ml. It was felt this LOD was too large and more measurements were taken at more dilutions and logistic regression was used to define the LOD.

Table 3: Further results reported in a method validation study for a method for the detection of Campylobacter spp.

	Concentration (cfu/aliquot)
	Number of tests
	Number of positive

	43
	7
	7

	70
	7
	7

	57
	7
	7

	4.3
	7
	6

	7
	7
	7

	5.7
	7
	7

	0.43
	7
	1

	0.7
	7
	3

	0.57
	7
	2



Based on the parameters of the logistic regression the relation between probability p of detection and concentration of campylobacter c is given by:




Hence the LOD for Campylobacter spp. (p=0.95) was found to be 19.8 cfu/ml in the test solution.  However the data is highly variable and 95% confidence intervals for the LOD cannot be estimated.


Salmonella spp.
A solution containing 6.8108 cfu/ml was diluted by 108 and 109 and 1010 to give solutions with nominal concentrations of 6.8 cfu/ml and 0.68 cfu/ml and 0.068 cfu/ml.  However the uncertainty associated with the enumeration of microbiological organisms are typically  0.5 log units.  Hence the diluted solutions may contain as many as 21.6, 2.16 and 0.216 cfu/ml.  These upper confidence limits were used so that estimates of LOD were robust against the uncertainty associated with the concentration of the initial solution.

Table 4: Results reported in a method validation study for a method for the detection of Salmonella spp.

	Set
i*
	Concentration (cfu)
c*
	Number of test
n*
	Number of positive
x*

	1
	21.6
	21
	21

	2
	2.16
	21
	11

	3
	0.216
	21
	2


*, Symbols used in equations

Four unconfirmed presumptive positive results in set 3 were treated as negative.  The maximum likelihood estimate of the LOD is 8.31 cfu/ml with a 95% confidence interval spanning the range from 4.96 to 14.9 cfu/ml.  Based on the validation data, users of this method for the detection of Salmonella can be confident that a negative response means that there were less than 14.9 cfu/ml in the test solution.


E. coli O157
A solution containing 2.9108 cfu/ml was diluted by 108 and 109 to give solutions with nominal concentrations of 2.9 cfu/ml and 0.29 cfu/ml.  However the uncertainty associated with the enumeration of microbiological organisms are typically  0.5 log units.  Hence the diluted solutions may contain as many as 9.2 and 0.92 cfu/ml.  These upper confidence limits were used so that estimates of LOD were robust against the uncertainty associated with the concentration of the initial solution

Table 5: Results reported in a method validation study for a method for the detection of E. coli O157

	Set
i*
	Concentration (cfu)
c*
	Number of test
n*
	Number of positive
x*

	1
	9.2
	20
	20

	2
	0.92
	20
	11


*, Symbols used in equations

The maximum likelihood estimate of the LOD is 3.43 cfu/ml with a 95% confidence interval spanning the range from 1.95 to 6.47 cfu/ml.  Based on the validation data, users of this method for the detection of E. coli O157 can be confident that a negative response means that there were less than 6.5 cfu/ml in the test solution.


Yersinia spp.
There are [were?] insufficient concentrations and spread of response to assess whether the relationship is truly linear.  The limited data resulted in relatively large errors associated with the estimated parameters and hence very wide confidence intervals.  Therefore the LOD for Yersinia spp. was estimated at 1,000 cfu/ml as the results appear to be consistent with a LOD (with probability of detection=0.95) of approximately 1000 cfu/ml.  This estimate is based on the observation of approximately 40-50% positives at 6 and 60 cfu/ml and approximately 90% positives at 600 cfu/ml.


Reproducibility
Reproducibility is defined as the closeness of agreement among repeated measurements of a variable made under the same operating conditions over a period of time, or by different people.

The standard deviation of reproducibility for E. coli, Listeria spp., C. perfringens, S. aureus, Enterobacteriaceae and Enterococcus spp. was investigated.  Fifteenth samples were enumerated twice.  The results in the table below are the average and standard deviation of the difference in the two logged enumerations (the standard deviation of reproducibility).

Table 6: Standard deviation of reproducibility for E. coli, Listeria spp., C. perfringens, S. aureus, Enterobacteriaceae and Enterococcus spp.

	Microorganism
	Average difference*
	Standard deviation*

	E. coli
	0.047
	0.129

	Listeria spp.
	-0.120
	0.177

	C. perfringens
	0.079
	0.062

	S. aureus
	-0.010
	0.083

	Enterobacteriaceae
	0.033
	0.241

	Enterococcus spp.
	0.026
	0.073


*, Values on the log10 scale



APPENDIX E: CAMPYLOBACTER AND SALMONELLA METHOD VALIDATION

Campylobacter spp. and Salmonella spp. method validation
(Requested by the FSA June 2006)

Aim:
The FSA requested CSL to undertake a second validation exercise (June 06) for the detection of Salmonella spp. and Campylobacter spp. During the pilot study CSL did not detect Salmonella spp. or Campylobacter spp. The FSA and CSL agreed on 3 different sampling methods for beef steak and pork steak to compare recoveries of these organisms at 2 different levels.

Methods:
Beef steaks and pork steaks were spiked with 102 cfu/ml and 104 cfu/ml. Samples were tested according to the 3 different methods (described briefly below) at 0hr and 24hr for each organism at each level. 

Detection of Salmonella spp. - Method 1
The method used for the Pilot Study – 1.0 ml into 9.0 ml BPW

Detection of Salmonella spp. - Method 2
The entire swab incubated in BPW (1 in 10 dilution)

Detection of Salmonella spp. - Method 3
25g muscle tissue removed from each sample and incubated in 225 ml BPW

Detection of Campylobacter spp. - Method 1
The method used for the Pilot Study – 1.0 ml into 9.0 ml Bolton broth

Detection of Campylobacter spp. - Method 2
The entire swab incubated in 225ml Bolton broth

Detection of Campylobacter spp. - Method 3
25g muscle tissue removed from each sample and incubated in 225 ml Bolton broth

A proportion of positive samples will be confirmed with the approved methods for both Campylobacter spp. and Salmonella spp.

Results: Campylobacter spp 102 Spike Level 1: 0 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	1
	Present
	Present
	Present
	Present
	Present
	Present

	2
	Present
	Present
	Present
	Present
	Present
	Present

	3
	Present
	Present
	Present
	Present
	Present
	Present

	4
	Present
	Present
	Present
	Present
	Present
	Present

	5
	Present
	Present
	Present
	Present
	Present
	Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	1
	Present
	Present
	Present
	Present
	Present
	Present

	2
	Present
	Present
	Present
	Present
	Present
	Present

	3
	Present
	Present
	Present
	Present
	Present
	Present

	4
	Present
	Present
	Present
	Present
	Present
	Present

	5
	Present
	Present
	Present
	Present
	Present
	Present



Results: Campylobacter spp 102 Spike Level 1:  24 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	6
	Absent
	Absent
	Present
	Present
	Present
	Present

	7
	Present
	Present
	Present
	Present
	Present
	Present

	8
	Present
	Present
	Present
	Present
	Present
	Present

	9
	Present
	Present
	Present
	Present
	Present
	Present

	10
	Absent
	Absent
	Present
	Present
	Present
	Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	6
	Present
	Present
	Present
	Present
	Present
	Present

	7
	Present
	Present
	Present
	Present
	Present
	Present

	8
	Absent
	Absent
	Present
	Present
	Present
	Present

	9
	Absent
	Absent
	Present
	Present
	Present
	Present

	10
	Present
	Present
	Present
	Present
	Present
	Present



Results: Campylobacter spp104 Spike Level 2:  0 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	1
	Present
	Present
	Present
	Present
	Present
	Present

	2
	Present
	Present
	Present
	Present
	Present
	Present

	3
	Present
	Present
	Present
	Present
	Present
	Present

	4
	Present
	Present
	Present
	Present
	Present
	Present

	5
	Present
	Present
	Present
	Present
	Present
	Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	1
	Present
	Present
	Present
	Present
	Present
	Present

	2
	Present
	Present
	Present
	Present
	Present
	Present

	3
	Present
	Present
	Present
	Present
	Present
	Present

	4
	Present
	Present
	Present
	Present
	Present
	Present

	5
	Present
	Present
	Present
	Present
	Present
	Present



Results: Campylobacter spp 104 Spike Level 2:  24 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	6
	Present
	Present
	Present
	Present
	Present
	Present

	7
	Present
	Present
	Present
	Present
	Present
	Present

	8
	Present
	Present
	Present
	Present
	Present
	Present

	9
	Present
	Present
	Present
	Present
	Present
	Present

	10
	Present
	Present
	Present
	Present
	Present
	Present





Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	Preston
	CCDA
	Preston
	CCDA
	Preston
	CCDA

	6
	Present
	Present
	Present
	Present
	Present
	Present

	7
	Present
	Present
	Present
	Present
	Present
	Present

	8
	Present
	Present
	Present
	Present
	Present
	Present

	9
	Present
	Present
	Present
	Present
	Present
	Present

	10
	Present
	Present
	Present
	Present
	Present
	Present



Results: Salmonella spp. 102 Spike Level 1:  0 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	1
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	2
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	3
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	4
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	5
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	1
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	2
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	3
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	4
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	5
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Results: Salmonella spp. 102 Spike Level 1:  24 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	6
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	7
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	8
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	9
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	10
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	6
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	7
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	8
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	9
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	10
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present




Results: Salmonella spp. 104 Spike Level 2:  0 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	1
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	2
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	3
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	4
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	5
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	1
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	2
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	3
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	4
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	5
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Results: Salmonella spp 104 Spike Level 2:  24 hrs

Pork
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	6
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	7
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	8
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	9
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	10
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Beef
	
	Method 1 (RMS)
	Method 2 (whole Swab)
	Method 3 (25g tissue)

	
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA
	MKTTn
XLD/BGA
	RVS
XLD/BGA

	6
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	7
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	8
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	9
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present

	10
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present
	Present/Present



Campylobacter Enumeration 0hr 102 Spike Level 1
	
	cfu/ml

	CBA
	5.0 x 101

	Preston
	8.0 x 101

	CCDA
	3.0 x 101



Campylobacter Enumeration 0hr 104 Spike Level 2
	
	cfu/ml

	CBA
	9.4 x 103

	Preston
	1.1 x 103

	CCDA
	8.7 x 103





Campylobacter Enumeration 24hr 102 Spike Level 1
	
	cfu/ml

	CBA
	1.4 x 102

	Preston
	<1.0 x 101 (5.0)

	CCDA
	1.0 x 101



Campylobacter Enumeration 24hr 104 Spike Level 2
	
	cfu/ml

	CBA
	1.5 x 103

	Preston
	2.7 x 103

	CCDA
	7.0 x 101



Salmonella spp. Enumeration 0hr 102 Spike Level 1
	
	cfu/ml

	CBA
	5.4 x 104

	XLD
	3.5 x 101

	BGA
	<1.0 x 101(5.0)



Salmonella spp. Enumeration 0hr 104 Spike Level 2
	
	cfu/ml

	CBA
	1.7 x 104

	XLD
	2.5 x 103

	BGA
	1.9 x 103



Salmonella spp. Enumeration 24hr 102 Spike Level 1
	
	cfu/ml

	CBA
	9.3 x 104*

	XLD
	2.0 x 101

	BGA
	6.0 x 101


* background flora present

Salmonella spp. Enumeration 24hr 104 Spike Level 2
	
	cfu/ml

	CBA
	5.3 x 103

	XLD
	7.9 x 103

	BGA
	5.4 x 103



Conclusions:
Method 1 proved equally as good at recovering Salmonella spp. from beef and pork steaks at both levels after 0hrs and 24 hrs.  Campylobacter detection was less effective for method 1 for 102 spike levels after 24hrs than for method 2 and 3. For method 1, two beef samples and two pork samples were absent whereas method 2 and method 3 showed Campylobacter spp. present in 5/5 samples after 24hr incubation.  Method 3 had the most background flora for both organisms and method 1 had the least background flora in general.  It is recommended to continue with the original method used to date for Salmonella detection and to adopt method 2 (whole sponge in 225 ml Bolton broth) for Campylobacter detection. This proved more reliable than the existing method, but suppressed more background flora than method 3.


APPENDIX F: AUTOMATED IMS EVALUATION REPORT

Evaluation of the automated IMS against the manual method using real meat samples spiked with several strains of E. coli O157
(Carried out by CSL)

Aim:
The aim was to evaluate the use of automated IMS (AIMS) against the manual method using real meat samples spiked with several strains of E. coli O157.

Safety:
Verocytotoxigenic (VT) strains of E. coli can cause severe life threatening illness and have a low infective dose. Laboratory acquired infections have been reported.  Under ACDP requirements this method, must be carried out in a Category 3 containment facility and only by personnel trained in the use of such facilities.

All procedures carried out under this method have appropriate COSHH Risk Assessments, including FSQ1/017/02: Handling of Category 3 Pathogens.  All staff carrying out this work must work according to the Code of Practice for Food Microbiology.  All infectious materials must be disposed according to the Code of Practice for Food Microbiology.

Introduction:
The method used to evaluate the automated IMS to detect E. coli O157 is based on the British Standard method BS EN 16654:2001, Microbiology of food and animal feeding stuffs: Horizontal method for the detection of E. coli O157.  The sampling procedure for the meat samples is taken from SOP RMS017

Procedure:
Dilutions (10-6 and 10-7 cfu/ml) were used from the following 24 h cultures and 1.0 ml added to 9 ml mTSB+n.  Resulting in inoculum levels of 10-7 and 10-8 cfu/ml.

A: P1432, atoxigenic E. coli O157
B: DJ40 SR 8, environmental isolate
C: DJ40 SR 5, environmental isolate
D: NCTC 12079
E: NCTC 12080 (O157:H-)

One meat sample was swabbed for each strain.  After the meat had been swabbed and the swab homogenised in 100 ml MRD, 5 x 9 ml for each culture and each inoculum level (5 strains x 5 MRDs x 2 inoculum levels = 50 x 9 ml MRD) were taken for testing in BLOCK 24 in labelled, sterile universals.


Spiking procedure 

Assuming each 24 h culture contains 108 cfu ml-1:

Decimal dilutions of all the 24 h cultures of E. coli O157 to 10-8 in MRD.  Enumerated by 0.1 ml spread plate on CBA: 10-5 - 10-8 in duplicate.

	Neat
	-1
	-2
	-3
	-4
	-5
	-6
	-7
	-8

	108
	107
	106
	105
	104
	103 (1000)
	102 (100)
	101 (10)
	100 (1)



Take 1 ml of 10-6 into 9 ml swab-MRD solution for each culture.  
Take 1 ml into 5 x 9 ml mTSB+n: incubate in accordance with protocol.  
Total of 25 broths.

Take 1 ml of 10-7 into 9 ml swab-MRD solution for each culture.
Take 1 ml into 5 x 9 ml mTSB+n: incubate in accordance with protocol.  
Total of 25 broths.

Also incubate 2 x blank 9ml mTSB+n.

Note: The diluted spike culture (in MRD) was added to the swab-MRD within 30 minutes of preparing the dilution series.  

Testing procedure
The manual & AIMS procedures were both undertaken.  The blanks were tested first for the manual IMS.  Spikes and blanks were mixed for the AIMS.

Both CT-SMAC & ChromAgar were used and incubated in accordance with the RMS012.

Evaluation of results:
The results are reported as either present or absent (in 45 ml swab MRD) in the following table.

The 24 h cultures cfu/ml:

A: 5.5 x 108
B: 4.2 x 108
C: 4.5 x 108
D: 4.1 x 108
E: 5.0 x 108

Dilutions (10-6 and 10-7 cfu/ml) were used from 24 h cultures and 1.0 ml added to 9 ml mTSB+n.  Resulting in inoculum levels of 10-7 and 10-8 cfu/ml.

	Sample No. 
	Manual IMS
Present/Absent
10-7
	Automated IMS
Present/Absent
10-7
	Manual IMS
Present/Absent
10-8
	Automated IMS
Present/Absent
10-8

	Blank
	Absent
	Absent
	Absent
	Absent

	Blank
	Absent
	Absent
	Absent
	Absent

	A1-5
	Present
	Present
	Present
	Present

	B1-5
	Present
	Present
	Present
	Present

	C1-5
	Present
	Present
	Present
	Present

	D1-5
	Present
	Present
	Present
	Present

	E1-5
	Present
	Present
	Present
	Present



Conclusion:
Both methods have given identical results under the same conditions using one atoxigenic strain and four toxigenic strains.  This evaluation demonstrates that the AIMS procedure can detect low levels of E. coli O157 (4.1 cfu/45 ml swab-MRD) from a mixed microflora.  The AIMS procedure is fit for purpose for the FSA Red Meat Survey.  

PROFICIENCY TESTING SAMPLES

HPA EQA Proficiency Samples

EQA samples have not been tested using the automated IMS procedure as the initial validation was not completed until w/c 29.01.07.  The EQA samples for the detection of E. coli O157 were tested 30.01.07 using the manual method.  Samples for E. coli O157 are not on the HPA timetable until 16.07.07.  Unfortunately the FSA Red Meat Survey will finish on the 29.06.07.  The AIMS will be used in Block 14 from July 07 (after the Red Meat Survey has finished).  It will be used for all FEPAS, HPA EQA and IQC samples.

FEPAS
FEPAS E. coli O157 samples have not been tested using the automated IMS procedure as these are not analysed in the Category III laboratory.  The detection of E. coli O157 is scheduled for w/c 4th June 07.  Samples will be tested using the AIMS and the results added to the IQC results.

APPENDIX G: COMPARISON OF ACTUAL SAMPLES TAKEN AND TARGET NUMBERS

At the start of the survey the Agency produced a sampling plan based on the market share data in Defra’s 2002/2003 Expenditure and Food Survey report and the Mintel 2004 red meat market intelligence report.  However, during the course of the survey, it was apparent that the market share had shifted and some meat samples were not available from certain types of premises.  This resulted in a shift from the original sampling plan.  Details of samples taken during the course of the survey are provided in the tables 7-10 below.

Table 7: Sampling in England

	
	Beef
	Pork
	Lamb

	
	Target
	Actual
	Target
	Actual
	Target
	Actual

	Aldi
	11
	11
	6
	7
	4
	1

	Alldays
	1
	1
	1
	1
	1
	0

	Asda
	266
	273
	138
	139
	84
	93

	Budgens
	9
	9
	5
	5
	3
	3

	Butchers
	621
	621
	322
	322
	195
	197

	Curleys
	0
	0
	0
	0
	0
	0

	Dunnes
	0
	0
	0
	0
	0
	0

	Iceland
	25
	24
	13
	13
	8
	8

	Marks & Spencers
	64
	66
	33
	34
	20
	26

	Netto
	13
	13
	7
	7
	5
	2

	Morrisons
	271
	273
	141
	142
	86
	88

	Others
	73
	73
	38
	38
	23
	23

	Sainburys
	352
	352
	182
	183
	110
	118

	Savacentre
	5
	5
	3
	3
	2
	2

	Somerfield/Kwiksave
	116
	119
	60
	66
	37
	37

	Spar
	3
	2
	2
	2
	1
	0

	Supervalu
	0
	0
	0
	0
	0
	0

	Tesco
	372
	381
	193
	197
	117
	121

	Waitrose
	76
	77
	39
	40
	24
	27

	
	
	
	
	
	
	

	Total samples
	2,278
	2,300
	1,183
	1,199
	720
	746




Table 8: Sampling in Scotland

	
	Beef
	Pork
	Lamb

	
	Target
	Actual
	Target
	Actual
	Target
	Actual

	Aldi
	2
	4
	1
	1
	1
	0

	Alldays
	0
	0
	0
	0
	0
	0

	Asda
	73
	73
	38
	38
	23
	23

	Budgens
	0
	0
	0
	0
	0
	0

	Butchers
	132
	133
	69
	71
	42
	42

	Curleys
	0
	0
	0
	0
	0
	0

	Dunnes
	0
	0
	0
	0
	0
	0

	Iceland
	3
	3
	2
	2
	1
	2

	Marks & Spencers
	13
	13
	7
	7
	4
	4

	Netto
	0
	0
	0
	0
	0
	0

	Morrisons
	64
	64
	34
	33
	21
	22

	Others
	26
	26
	14
	15
	9
	9

	Sainburys
	19
	19
	10
	9
	6
	6

	Savacentre
	1
	3
	1
	1
	1
	1

	Somerfield/Kwiksave
	17
	17
	9
	9
	6
	6

	Spar
	0
	0
	0
	0
	0
	0

	Supervalu
	0
	0
	0
	0
	0
	0

	Tesco
	47
	47
	24
	24
	15
	15

	Waitrose
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	Total samples
	397
	402
	209
	210
	129
	130




Table 9: Sampling in Wales

	
	Beef
	Pork
	Lamb

	
	Target
	Actual
	Target
	Actual
	Target
	Actual

	Aldi
	1
	2
	1
	1
	1
	0

	Alldays
	0
	0
	0
	0
	0
	0

	Asda
	19
	19
	10
	10
	6
	6

	Budgens
	0
	0
	0
	0
	0
	0

	Butchers
	41
	43
	21
	21
	13
	13

	Curleys
	0
	0
	0
	0
	0
	0

	Dunnes
	0
	0
	0
	0
	0
	0

	Iceland
	2
	2
	1
	2
	1
	1

	Marks & Spencers
	5
	5
	3
	3
	2
	3

	Netto
	0
	0
	0
	0
	0
	0

	Morrisons
	19
	19
	10
	10
	6
	7

	Others
	3
	3
	2
	2
	1
	1

	Sainburys
	15
	15
	8
	8
	5
	5

	Savacentre
	0
	0
	0
	0
	0
	0

	Somerfield/Kwiksave
	17
	17
	9
	8
	6
	7

	Spar
	0
	0
	0
	0
	0
	0

	Supervalu
	0
	0
	0
	0
	0
	0

	Tesco
	23
	23
	12
	12
	8
	9

	Waitrose
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	Total samples
	145
	148
	77
	77
	49
	52





Table 10: Sampling in Northern Ireland

	
	Beef
	Pork
	Lamb

	
	Target
	Actual
	Target
	Actual
	Target
	Actual

	Aldi
	0
	0
	0
	0
	0
	0

	Alldays
	0
	0
	0
	0
	0
	0

	Asda
	26
	26
	14
	14
	8
	9

	Budgens
	0
	0
	0
	0
	0
	0

	Butchers
	221
	220
	114
	113
	69
	70

	Curleys
	5
	5
	3
	3
	2
	2

	Dunnes
	22
	22
	11
	11
	7
	7

	Iceland
	9
	9
	5
	5
	3
	3

	Marks & Spencers
	8
	8
	4
	4
	3
	3

	Netto
	0
	0
	0
	0
	0
	0

	Morrisons
	0
	0
	0
	0
	0
	0

	Others
	7
	7
	4
	4
	2
	2

	Sainburys
	20
	20
	11
	11
	7
	8

	Savacentre
	0
	0
	0
	0
	0
	0

	Somerfield/Kwiksave
	0
	0
	0
	0
	0
	0

	Spar
	8
	8
	4
	4
	3
	0

	Supervalu
	21
	21
	11
	11
	7
	7

	Tesco
	52
	51
	27
	27
	16
	17

	Waitrose
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	Total samples
	399
	397
	208
	207
	127
	128




APPENDIX H: UNWEIGHTED PREVALENCE TABLES

Included for information, this section contains the unweighted results of the survey.  This lack of weighting means that the values quoted here are not representative of the red meat market and do not represent prevalence at retail in the UK.

Table 11:	Microbiological contamination (unweighted) of red meat at retail sale in the UK (n=5,998) 
	
	No. of positive samples
	Prevalence (%)
	95% CI* (%)

	
	
	
	Lower
	Upper

	Campylobacter spp.
	21
	0.35
	0.20
	0.50

	Salmonella spp.
	15
	0.25
	0.12
	0.38

	E. coli O157
	1
	0.02
	0.00
	0.05

	E. coli 
	1,970
	32.84
	31.66
	34.03

	Listeria spp.
	619
	10.32
	9.55
	11.09

	L. monocytogenes
	185
	3.08
	2.65
	3.52

	Y. enterocolitica
	270
	11.12
	9.87
	12.37

	C. perfringens
	605
	10.09
	9.32
	10.85

	S. aureus
	423
	7.05
	6.40
	7.70

	Enterobacteriaceae
	5,752
	95.91
	95.41
	96.42

	Enterococcus spp.
	2,878
	47.98
	46.72
	49.25


*, 95% confidence interval
, Unweighted 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.



Table 12:	Microbiological contamination (unweighted) 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
	0.40
	0.21
	0.59
	1
	0.13
	0.00
	0.40
	0
	0.00
	0.00
	0.00
	3
	0.41
	0.00
	0.87

	Salmonella spp.
	13
	0.31
	0.14
	0.47
	0
	0.00
	0.00
	0.00
	1
	0.36
	0.00
	1.07
	1
	0.14
	0.00
	0.40

	E. coli O157
	1
	0.02
	0.00
	0.07
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli
	1,456
	34.30
	32.87
	35.73
	252
	33.96
	30.55
	37.37
	88
	31.77
	26.29
	37.25
	174
	23.71
	20.63
	26.78

	Listeria spp.
	473
	11.14
	10.20
	12.09
	58
	7.82
	5.89
	9.75
	28
	10.11
	6.56
	13.66
	60
	8.17
	6.19
	10.16

	L. monocytogenes
	141
	3.32
	2.78
	3.86
	12
	1.62
	0.71
	2.52
	12
	4.33
	1.93
	6.73
	20
	2.72
	1.55
	3.90

	Y. enterocolitica
	209
	11.32
	9.87
	12.76
	22
	8.12
	4.87
	11.37
	18
	14.75
	8.46
	21.05
	21
	11.17
	6.67
	15.67

	C. perfringens
	452
	10.65
	9.72
	11.58
	59
	7.95
	6.00
	9.90
	43
	15.52
	11.26
	19.79
	51
	6.95
	5.11
	8.79

	S. aureus
	311
	7.33
	6.54
	8.11
	56
	7.55
	5.65
	9.45
	18
	6.50
	3.60
	9.40
	38
	5.18
	3.57
	6.78

	Enterobacteriaceae
	4,095
	96.49
	95.94
	97.04
	703
	94.74
	93.14
	96.35
	273
	98.56
	97.15
	99.96
	681
	92.78
	90.91
	94.65

	Enterococcus spp.
	2,111
	49.73
	48.22
	51.23
	366
	49.33
	45.73
	52.92
	137
	49.46
	43.57
	55.35
	264
	35.97
	32.50
	39.44


*, 95% confidence interval
, Unweighted 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 13:	Microbiological contamination (unweighted) 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
	0.12
	0.00
	0.24
	10
	0.59
	0.23
	0.96
	7
	0.66
	0.17
	1.15

	Salmonella spp.
	6
	0.18
	0.04
	0.33
	9
	0.53
	0.19
	0.88
	0
	0.00
	0.00
	0.28

	E. coli O157
	1
	0.03
	0.00
	0.09
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli
	1,111
	34.20
	32.56
	35.83
	626
	36.98
	34.68
	39.28
	233
	22.06
	19.56
	24.57

	Listeria spp.
	353
	10.86
	9.79
	11.93
	187
	11.05
	9.55
	12.54
	79
	7.48
	5.89
	9.07

	L. monocytogenes
	105
	3.23
	2.62
	3.84
	47
	2.78
	1.99
	3.56
	33
	3.13
	2.08
	4.17

	Y. enterocolitica
	142
	12.11
	10.24
	13.97
	60
	9.17
	6.96
	11.39
	68
	11.31
	8.78
	13.85

	C. perfringens
	489
	15.05
	13.82
	16.28
	61
	3.60
	2.72
	4.49
	55
	5.21
	3.87
	6.55

	S. aureus
	181
	5.57
	4.78
	6.36
	191
	11.28
	9.77
	12.79
	51
	4.83
	3.54
	6.12

	Enterobacteriaceae
	3,117
	95.97
	95.29
	96.64
	1,648
	97.34
	96.58
	98.11
	987
	93.47
	91.98
	94.96

	Enterococcus spp.
	1,536
	47.28
	45.56
	48.99
	894
	52.81
	50.43
	55.18
	448
	42.42
	39.44
	45.41


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed from 1,174 beef, 654 pork and 601 lamb samples tested
Table 14:	Microbiological contamination (unweighted) 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
	0.58
	0.15
	1.02
	7
	0.94
	0.25
	1.63

	Salmonella spp.
	6
	0.26
	0.05
	0.47
	7
	0.58
	0.15
	1.02
	0
	0.00
	0.00
	0.00

	E. coli O157
	1
	0.04
	0.00
	0.13
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli
	836
	36.35
	34.38
	38.31
	447
	37.28
	34.54
	40.02
	173
	23.19
	20.16
	26.22

	Listeria spp.
	278
	12.09
	10.75
	13.42
	135
	11.26
	9.47
	13.05
	60
	8.04
	6.09
	9.99

	L. monocytogenes
	83
	3.61
	2.85
	4.37
	35
	2.92
	1.97
	3.87
	23
	3.08
	1.84
	4.32

	Y. enterocolitica
	103
	11.81
	9.67
	13.95
	51
	10.14
	7.50
	12.78
	55
	11.65
	8.76
	14.55

	C. perfringens
	370
	16.09
	14.59
	17.59
	43
	3.59
	2.53
	4.64
	39
	5.23
	3.63
	6.83

	S. aureus
	138
	6.00
	5.03
	6.97
	136
	11.34
	9.55
	13.14
	37
	4.96
	3.40
	6.52

	Enterobacteriaceae
	2,225
	96.78
	96.06
	97.50
	1,166
	97.25
	96.32
	98.17
	704
	94.37
	92.72
	96.02

	Enterococcus spp.	
	1,128
	49.04
	47.00
	51.09
	656
	54.71
	51.89
	57.53
	327
	43.83
	40.27
	47.39


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed from 872 beef, 503 pork and 472 lamb samples purchased in England

Table 15:	Microbiological contamination (unweighted) 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
	0.74
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	Salmonella spp.
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli O157
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli
	131
	32.59
	28.01
	37.17
	91
	43.33
	36.36
	50.04
	30
	23.08
	15.83
	30.32

	Listeria spp.
	29
	7.21
	4.68
	9.74
	19
	9.05
	5.17
	12.93
	10
	7.69
	3.11
	12.27

	L. monocytogenes
	5
	1.24
	0.16
	2.33
	4
	1.90
	0.06
	3.75
	3
	2.31
	0.00
	4.89

	Y. enterocolitica
	15
	10.49
	5.47
	15.51
	2
	2.82
	0.00
	6.67
	5
	8.77
	1.43
	16.12

	C. perfringens
	45
	11.19
	8.11
	14.28
	5
	2.38
	0.32
	4.44
	9
	6.92
	2.56
	11.29

	S. aureus
	21
	5.22
	3.05
	7.40
	29
	13.81
	9.14
	18.48
	6
	4.62
	1.01
	8.22

	Enterobacteriaceae
	378
	94.03
	91.71
	96.35
	206
	98.10
	96.25
	99.94
	119
	91.54
	86.75
	96.32

	Enterococcus spp.
	196
	48.76
	43.87
	53.64
	117
	55.71
	49.00
	62.43
	53
	40.77
	32.32
	49.22


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed from 143 beef, 71 pork and 57 lamb samples purchased from Scotland

Table 16:	Microbiological contamination (unweighted) 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
	0.00
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	Salmonella spp.
	0
	0.00
	0.00
	0.00
	1
	1.30
	0.00
	3.83
	0
	0.00
	0.00
	0.00

	E. coli O157
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli
	47
	31.76
	24.26
	39.26
	26
	33.77
	23.20
	44.33
	15
	28.85
	16.53
	41.16

	Listeria spp.
	18
	12.16
	6.90
	17.43
	6
	7.79
	1.80
	13.78
	4
	7.69
	0.45
	14.94

	L. monocytogenes
	6
	4.05
	0.88
	7.23
	2
	2.60
	0.00
	6.15
	4
	7.69
	0.45
	14.94

	Y. enterocolitica
	11
	17.46
	8.09
	26.83
	4
	13.33
	1.17
	25.50
	3
	10.34
	0.00
	21.43

	C. perfringens
	35
	23.65
	16.80
	30.49
	6
	7.79
	1.80
	13.78
	2
	3.85
	0.00
	9.07

	S. aureus
	7
	4.73
	1.31
	8.15
	10
	12.99
	5.48
	20.50
	1
	1.92
	0.00
	5.66

	Enterobacteriaceae
	147
	99.32
	98.00
	100.64
	76
	98.70
	96.17
	101.23
	50
	96.15
	90.93
	101.38

	Enterococcus spp.
	76
	51.35
	43.30
	59.40
	41
	53.25
	42.10
	64.39
	20
	38.46
	25.24
	51.68


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed from 63 beef, 30 pork and 29 lamb samples purchased in Wales

Table 17:	Microbiological contamination (unweighted) 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
	0.00
	3
	1.45
	0.00
	3.08
	0
	0.00
	0.00
	0.00

	Salmonella spp.
	0
	0.00
	0.00
	0.75
	1
	0.48
	0.00
	1.43
	0
	0.00
	0.00
	0.00

	E. coli O157
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00
	0
	0.00
	0.00
	0.00

	E. coli
	97
	24.31
	20.10
	28.52
	62
	29.95
	23.71
	36.19
	15
	11.72
	6.15
	17.29

	Listeria spp.
	28
	7.02
	4.51
	9.52
	27
	13.04
	8.46
	17.63
	5
	3.91
	0.55
	7.26

	L. monocytogenes
	11
	2.76
	1.15
	4.36
	6
	2.90
	0.61
	5.18
	3
	2.34
	0.00
	4.96

	Y. enterocolitica
	13
	13.68
	6.77
	20.60
	3
	6.00
	0.00
	12.58
	5
	11.63
	2.05
	21.21

	C. perfringens
	39
	9.77
	6.86
	12.69
	7
	3.38
	0.92
	5.84
	5
	3.91
	0.55
	7.26

	S. aureus
	15
	3.76
	1.89
	5.63
	16
	7.73
	4.09
	11.37
	7
	5.47
	1.53
	9.41

	Enterobacteriaceae
	367
	91.98
	89.31
	94.64
	200
	96.62
	94.16
	99.08
	114
	89.06
	83.66
	94.47

	Enterococcus spp.
	135
	34.09
	29.43
	38.74
	80
	38.65
	32.01
	45.28
	48
	37.50
	29.11
	45.89


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed from 95 beef, 50 pork and 43 lamb samples purchased from Northern Ireland

Table 18:	Microbiological contamination (unweighted) 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
	0.40
	0.15
	0.64
	11
	0.32
	0.13
	0.50

	Salmonella spp.
	7
	0.28
	0.07
	0.49
	8
	0.23
	0.07
	0.39

	E. coli O157
	1
	0.04
	0.00
	0.12
	0
	0.00
	0.00
	0.09

	E. coli
	1,038
	41.34
	39.41
	43.26
	932
	26.73
	25.26
	28.20

	Listeria spp.
	348
	13.86
	12.51
	15.21
	271
	7.77
	6.88
	8.66

	L. monocytogenes
	98
	3.98
	3.15
	4.66
	87
	2.49
	1.98
	3.01

	Y. enterocolitica
	122
	11.39
	9.49
	13.29
	148
	10.91
	9.25
	12.56

	C. perfringens
	348
	13.86
	12.51
	15.21
	257
	7.37
	6.50
	8.24

	S. aureus
	224
	8.92
	7.81
	10.04
	199
	5.71
	4.94
	6.48

	Enterobacteriaceae
	2,422
	96.46
	95.73
	97.18
	3,330
	95.52
	94.84
	96.21

	Enterococcus spp.
	1,331
	53.01
	51.05
	54.96
	1,547
	44.36
	42.72
	46.01


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

Table 19:	Microbiological contamination (unweighted) 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
	0.24
	0.03
	0.44
	5
	1.24
	0.16
	2.32
	3
	0.11
	0.00
	0.23
	8
	1.06
	0.33
	1.79

	Salmonella spp.
	6
	0.28
	0.06
	0.51
	1
	0.25
	0.00
	0.73
	6
	0.22
	0.04
	0.40
	2
	0.26
	0.00
	0.63

	E. coli O157
	1
	0.05
	0.00
	0.14
	0
	0.00
	0.00
	0.74
	0
	0.00
	0.00
	0.11
	0
	0.00
	0.00
	0.40

	E. coli
	917
	43.50
	41.38
	45.62
	121
	30.02
	25.55
	34.50
	751
	27.49
	25.81
	29.16
	181
	23.97
	20.93
	27.02

	Listeria spp.
	307
	14.56
	13.06
	16.07
	41
	10.17
	7.22
	13.13
	208
	7.61
	6.62
	8.61
	63
	8.34
	6.37
	10.32

	L. monocytogenes
	83
	3.94
	3.11
	4.77
	15
	3.72
	1.87
	5.57
	66
	2.42
	1.84
	2.99
	21
	2.78
	1.61
	3.95

	Y. enterocolitica
	102
	11.41
	9.33
	13.49
	20
	11.30
	6.64
	15.96
	109
	10.41
	8.56
	12.26
	39
	12.58
	8.89
	16.27

	C. perfringens
	312
	14.80
	13.28
	16.32
	36
	8.93
	6.15
	11.72
	236
	8.64
	7.58
	9.64
	21
	2.78
	1.61
	3.95

	S. aureus
	201
	9.54
	8.28
	10.79
	23
	5.71
	3.44
	7.97
	154
	5.64
	4.77
	6.50
	45
	5.96
	4.27
	7.65

	Enterobacteriaceae
	2,045
	97.01
	96.28
	97.74
	377
	93.55
	91.15
	95.95
	2,614
	95.72
	94.96
	96.48
	716
	94.83
	93.26
	96.41

	Enterococcus spp.
	1,160
	55.03
	52.90
	57.15
	171
	42.43
	37.61
	47.26
	1,241
	45.42
	43.56
	47.29
	306
	40.53
	37.03
	44.03


*, 95% confidence interval
, Unweighted 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


Table 20: Microbiological contamination (unweighted) of red meat according to retailer type
	
	Supermarketб (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
	0.07
	20
	1.07
	0.60
	1.54

	Salmonella spp.
	12
	0.29
	0.13
	0.45
	3
	0.16
	0.00
	0.34

	E. coli O157
	1
	0.02
	0.00
	0.07
	0
	0.00
	0.00
	0.16

	E. coli
	1,295
	31.35
	29.93
	32.76
	675
	36.15
	33.97
	38.33

	Listeria spp.
	405
	9.80
	8.90
	10.71
	214
	11.46
	10.02
	12.91

	L. monocytogenes
	94
	2.28
	1.82
	2.73
	91
	4.87
	3.90
	5.85

	Y. enterocolitica
	226
	12.36
	10.85
	13.87
	44
	7.33
	5.25
	9.42

	C. perfringens
	477
	11.55
	10.57
	12.52
	128
	6.86
	5.71
	8.00

	S. aureus
	277
	6.71
	5.94
	7.47
	146
	7.82
	6.60
	9.04

	Enterobacteriaceae
	3,971
	96.13
	95.54
	96.72
	1,781
	95.44
	94.50
	96.39

	Enterococcus spp.
	2,396
	58.00
	56.50
	59.51
	482
	25.82
	23.83
	27.80


б, Some larger supermarkets had in-store butchers
*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 1,828 samples brought from supermarkets and 600 purchased from butchers


Table 21: Microbiological contamination (unweighted) of red meat according to production type
	
	Organic and free-range meat (n=234)
	Not Specified
(n=5,758)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	0
	0.00
	0.00
	1.27
	21
	0.36
	0.21
	0.52

	Salmonella spp.
	0
	0.00
	0.00
	1.27
	15
	0.26
	0.13
	0.39

	E. coli O157
	0
	0.00
	0.00
	1.27
	1
	0.02
	0.00
	0.05

	E. coli
	57
	24.36
	18.86
	29.86
	1,912
	33.21
	31.99
	34.42

	Listeria spp.
	17
	7.26
	3.94
	10.59
	602
	10.46
	9.66
	11.25

	L. monocytogenes
	2
	0.85
	0.00
	2.03
	183
	3.18
	2.73
	3.63

	Y. enterocolitica
	13
	12.15
	5.96
	18.34
	257
	11.10
	9.82
	12.38

	C. perfringens
	21
	8.97
	5.31
	12.64
	583
	10.13
	9.35
	10.90

	S. aureus
	12
	5.13
	2.30
	7.95
	409
	7.10
	6.44
	7.77

	Enterobacteriaceae
	216
	92.31
	88.89
	95.72
	5,531
	96.07
	95.57
	96.58

	Enterococcus spp.
	135
	57.69
	51.36
	64.02
	2,741
	47.60
	46.31
	48.89


, 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
*, 95% confidence interval
, Unweighted 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



Table 22:	Microbiological contamination (unweighted) of red meat according to packaging type
	
	Packed in a Protective
Atmosphere 
(n=3,171)
	Vacuum Packed
(n=383)
	Clingfilm with Tray
(n=747)
	Loose
(n=1,601)
	Not Stated
(n=96)†

	
	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
	1.04
	0.03
	2.06
	1
	0.13
	0.00
	0.40
	16
	1.00
	0.51
	1.49
	0
	0.00
	0.00
	3.07

	Salmonella spp.
	9
	0.28
	0.10
	0.47
	3
	0.78
	0.00
	1.67
	1
	0.13
	0.00
	0.40
	2
	0.12
	0.00
	0.30
	0
	0.00
	0.00
	3.07

	E. coli O157
	0
	0.00
	0.00
	0.09
	0
	0.00
	0.00
	0.78
	1
	0.13
	0.00
	0.40
	0
	0.00
	0.00
	0.19
	0
	0.00
	0.00
	3.07

	E. coli
	945
	29.80
	28.21
	31.39
	185
	48.30
	43.30
	53.31
	273
	36.55
	33.09
	40.00
	549
	34.29
	31.97
	36.62
	18
	18.75
	10.94
	26.56

	Listeria spp.
	286
	9.02
	8.02
	10.02
	69
	18.02
	14.17
	21.86
	84
	11.24
	8.98
	13.51
	173
	10.81
	9.29
	12.33
	7
	7.29
	2.09
	12.49

	L. monocytogenes
	62
	1.96
	1.47
	2.44
	22
	5.74
	3.41
	8.07
	25
	3.35
	2.06
	4.64
	72
	4.50
	3.48
	5.51
	4
	4.17
	0.17
	8.16

	Y. enterocolitica
	170
	11.85
	10.18
	13.53
	9
	8.91
	3.35
	14.47
	44
	15.38
	11.20
	19.57
	37
	7.17
	4.94
	9.40
	10
	10.99
	4.56
	17.41

	C. perfringens
	331
	10.44
	9.37
	11.50
	63
	16.45
	12.74
	20.16
	104
	13.92
	11.44
	16.40
	107
	6.68
	5.46
	7.91
	0
	0.00
	0.00
	3.07

	S. aureus
	215
	6.78
	5.91
	7.66
	30
	7.83
	5.14
	10.52
	47
	6.29
	4.55
	8.03
	121
	7.56
	6.26
	8.85
	10
	10.42
	4.31
	16.53

	Enterobacteriaceae
	3,045
	96.03
	95.35
	96.71
	371
	96.87
	95.12
	98.61
	716
	95.85
	94.42
	97.28
	1,525
	95.31
	94.28
	96.35
	95
	98.96
	96.93
	100.99

	Enterococcus spp.
	2,106
	66.41
	64.77
	68.06
	180
	47.00
	42.00
	52.00
	140
	18.74
	15.94
	21.54
	419
	26.17
	24.02
	28.32
	33
	34.38
	24.87
	43.88


†, 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
, Unweighted prevalence
, Y. enterocolitica confirmed in 1,828 samples brought from supermarkets and 600 purchased from butchers




Table 23: Microbiological contamination (unweighted) of meat produced in the UK and Republic of Ireland
	
	United Kingdom
(n=5,036)
	Republic of Ireland
(n=417)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	21
	0.42
	0.24
	0.59
	0
	0.00
	0.00
	0.72

	Salmonella spp.
	13
	0.26
	0.12
	0.40
	2
	0.48
	0.00
	1.14

	E. coli O157
	1
	0.02
	0.00
	0.06
	0
	0.00
	0.00
	0.72

	E. coli
	1,774
	35.23
	33.91
	36.55
	109
	26.14
	21.92
	30.36

	Listeria spp.
	528
	10.48
	9.64
	11.33
	51
	12.23
	9.09
	15.37

	L. monocytogenes
	151
	3.00
	2.53
	3.47
	13
	3.12
	1.45
	4.79

	Y. enterocolitica
	221
	10.90
	9.54
	12.25
	15
	10.64
	5.55
	15.73

	C. perfringens
	540
	10.72
	9.87
	11.58
	51
	12.23
	9.09
	15.37

	S. aureus
	372
	7.39
	6.66
	8.11
	17
	4.08
	2.18
	5.97

	Enterobacteriaceae
	4,840
	96.13
	95.59
	96.66
	397
	95.20
	93.15
	97.25

	Enterococcus spp.
	2,358
	46.82
	45.44
	48.20
	254
	60.91
	56.23
	65.59


*, 95% confidence interval
, Unweighted 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 from these countries and the results would not be representative of the market share


Table 24: Microbiological contamination (unweighted) of meat with added ingredients
	
	Meats without added ingredients
(n=5,814)
	Meats with added ingredients (n=184)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	21
	0.36
	0.21
	0.52
	0
	0.00
	0.00
	1.61

	Salmonella spp.
	15
	0.26
	0.13
	0.39
	0
	0.00
	0.00
	1.61

	E. coli O157
	1
	0.02
	0.00
	0.05
	0
	0.00
	0.00
	1.61

	E. coli
	1,912
	32.89
	31.68
	34.09
	58
	31.52
	24.81
	38.23

	Listeria spp.
	593
	10.20
	9.42
	10.98
	26
	14.13
	9.10
	19.16

	L. monocytogenes
	182
	3.13
	2.68
	3.58
	3
	1.63
	0.00
	3.46

	Y. enterocolitica
	261
	11.24
	9.95
	12.52
	9
	8.57
	3.22
	13.93

	C. perfringens
	578
	9.94
	9.17
	10.71
	27
	14.67
	9.56
	19.79

	S. aureus
	413
	7.10
	6.44
	7.76
	10
	5.43
	2.16
	8.71

	Enterobacteriaceae
	5,575
	95.91
	95.40
	96.42
	177
	96.20
	93.43
	98.96

	Enterococcus spp.
	2,744
	47.20
	45.91
	48.48
	134
	72.83
	66.40
	79.25


, Includes samples which contained added ingredients such as basting fats, water, glucose and salt
*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 2,323 without and 105 meats with added ingredients

Table 25: Microbiological contamination (unweighted) by season† 
	
	Spring 2006 (n=458)
	Summer 2006 (n=1,143)
	Autumn 2006 (n=1,368)
	Winter 2006/2007 (n=1,169)

	
	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.
	0
	0.00
	0.00
	0.65
	0
	0.00
	0.00
	0.26
	2
	0.15
	0.00
	0.35
	3
	0.26
	0.00
	0.55

	Salmonella spp.
	0
	0.00
	0.00
	0.65
	2
	0.17
	0.00
	0.42
	2
	0.15
	0.00
	0.35
	4
	0.34
	0.01
	0.68

	E. coli O157
	0
	0.00
	0.00
	0.65
	0
	0.00
	0.00
	0.26
	0
	0.00
	0.00
	0.22
	1
	0.09
	0.00
	0.25

	E. coli 
	94
	20.52
	16.83
	24.22
	421
	36.83
	34.04
	39.63
	485
	35.45
	32.92
	37.99
	341
	29.17
	26.56
	31.78

	Listeria spp.
	36
	7.86
	5.40
	10.32
	77
	6.74
	5.28
	8.19
	161
	11.77
	10.06
	13.48
	115
	9.84
	8.13
	11.54

	L. monocytogenes
	12
	2.62
	1.16
	4.08
	26
	2.27
	1.41
	3.14
	39
	2.85
	1.97
	3.73
	33
	2.82
	1.87
	3.77

	Y. enterocolitica
	34
	7.42
	5.02
	9.82
	95
	8.31
	6.71
	9.91
	141
	17.05
	14.49
	19.61
	-
	-
	-
	-

	C. perfringens
	7
	1.53
	0.40
	2.65
	41
	3.59
	2.51
	4.67
	195
	14.25
	12.40
	16.11
	119
	10.18
	8.45
	11.91

	S. aureus
	30
	6.55
	4.28
	8.82
	61
	5.34
	4.03
	6.64
	136
	9.94
	8.36
	11.53
	78
	6.67
	5.24
	8.10

	Enterobacteriaceae
	448
	97.82
	96.48
	99.16
	1,122
	98.25
	97.49
	99.01
	1,319
	96.42
	95.43
	97.40
	1,088
	93.07
	91.62
	94.53

	Enterococcus spp.
	244
	53.28
	48.71
	57.84
	625
	54.68
	51.79
	57.57
	735
	53.73
	51.09
	56.37
	559
	47.82
	44.96
	50.68

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



	
	Spring 2007 (n=1,249)
	Summer 2007 (n=611)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	8
	0.64
	0.20
	1.08
	8
	1.31
	0.41
	2.21

	Salmonella spp.
	2
	0.16
	0.00
	0.38
	5
	0.82
	0.10
	1.53

	E. coli O157
	0
	0.00
	0.00
	0.24
	0
	0.00
	0.00
	0.49

	E. coli 
	376
	30.10
	27.56
	32.65
	253
	41.41
	37.50
	45.31

	Listeria spp.
	157
	12.57
	10.73
	14.41
	73
	11.95
	9.38
	14.52

	L. monocytogenes
	50
	4.00
	2.92
	5.09
	25
	4.09
	2.52
	5.66

	Y. enterocolitica
	-
	-
	-
	-
	-
	-
	-
	-

	C. perfringens
	132
	10.57
	8.86
	12.27
	111
	18.17
	15.11
	21.22

	S. aureus
	73
	5.84
	4.54
	7.15
	45
	7.36
	5.29
	9.44

	Enterobacteriaceae
	1,197
	95.84
	94.73
	96.94
	578
	94.60
	92.81
	96.39

	Enterococcus spp.
	479
	38.35
	35.65
	41.05
	236
	38.63
	34.76
	42.49

	
	
	
	
	
	
	
	
	


†, Spring: March to May; Summer: June to August; Autumn: September to November; Winter: December to February
*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 458 samples purchased in spring 2006, 1,143 samples in Summer 2006 and 827 samples in Autumn 2006.  Samples collected in Winter 2006/2007 and Spring 2007 and Summer 2007 were not tested for Y. enterocolitica.



Table 26: Microbiological contamination (unweighted) of red meat in relation to the number of days remaining to the meats’ use by date
	
	1-2 days (n=694)
	3-4 days (n=2,717)
	5-6 days (n=2,142)
	7-13 days (n=346)
	14 days and over (n=30)

	
	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.
	2
	0.29
	0.00
	0.69
	11
	0.40
	0.17
	0.64
	7
	0.33
	0.09
	0.57
	1
	0.29
	0.00
	0.85
	0
	0.00
	0.00
	9.50

	Salmonella spp.
	1
	0.14
	0.00
	0.43
	6
	0.22
	0.04
	0.40
	5
	0.23
	0.03
	0.44
	3
	0.87
	0.00
	1.84
	0
	0.00
	0.00
	9.50

	E. coli O157
	1
	0.14
	0.00
	0.43
	0
	0.00
	0.00
	0.11
	0
	0.00
	0.00
	0.14
	0
	0.00
	0.00
	0.86
	0
	0.00
	0.00
	9.50

	E. coli 
	238
	34.29
	30.76
	37.83
	903
	33.24
	31.46
	35.01
	689
	32.17
	30.19
	34.14
	110
	31.79
	26.89
	36.70
	11
	36.67
	19.42
	53.91

	Listeria spp.
	70
	10.09
	7.85
	12.33
	289
	10.64
	9.48
	11.80
	200
	9.34
	8.10
	10.57
	45
	13.01
	9.46
	16.55
	8
	26.67
	10.84
	42.49

	L. monocytogenes
	26
	3.75
	2.33
	5.16
	78
	2.87
	2.24
	3.50
	64
	2.99
	2.27
	3.71
	13
	3.76
	1.75
	5.76
	1
	3.33
	0.00
	9.76

	Y. enterocolitica
	37
	11.78
	8.22
	15.35
	137
	12.67
	10.69
	14.66
	80
	9.57
	7.58
	11.56
	13
	10.57
	5.14
	16.00
	0
	0.00
	0.00
	45.07

	C. perfringens
	57
	8.21
	6.17
	10.26
	294
	10.82
	9.65
	11.99
	191
	8.92
	7.71
	10.12
	53
	15.32
	11.52
	19.11
	9
	30.00
	13.60
	46.40

	S. aureus
	54
	7.78
	5.79
	9.77
	205
	7.55
	6.55
	8.54
	138
	6.44
	5.40
	7.48
	20
	5.78
	3.32
	8.24
	4
	13.33
	1.17
	25.50

	Enterobacteriaceae
	662
	95.39
	93.83
	96.95
	2,618
	96.39
	95.69
	97.09
	2,047
	95.56
	94.69
	96.44
	331
	95.66
	93.52
	97.81
	30
	100.00
	100.00
	100.00

	Enterococcus spp.
	277
	39.91
	36.27
	43.56
	1,282
	47.18
	45.31
	49.06
	1,090
	50.89
	48.77
	53.00
	186
	53.76
	48.50
	59.01
	13
	43.33
	25.60
	61.07

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 314 samples tested 1-2 days before use by date, 1,081 tested at 3-4 days, 836 at 5-6 days, 123 at 6-13 days and 5 samples at 14 days and over

Table 27: Comparison of microbiological contamination (unweighted) of loose red meat purchased from butchers with and without a use by date
	
	Meat from butchers with a use by date (n=1,800)
	Meat from  butchers without a use by date (n=67)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	20
	1.11
	0.63
	1.60
	0
	0.00
	0.00
	0.00

	Salmonella spp.
	3
	0.17
	0.00
	0.36
	0
	0.00
	0.00
	0.00

	E. coli O157
	0
	0.00
	0.00
	0.17
	0
	0.00
	0.00
	0.00

	E. coli 
	656
	36.44
	34.22
	38.67
	19
	28.36
	17.57
	39.15

	Listeria spp.
	137
	7.61
	6.39
	8.84
	7
	10.45
	3.12
	17.77

	L. monocytogenes
	88
	4.89
	3.89
	5.89
	3
	4.48
	0.00
	9.43

	Y. enterocolitica
	41
	7.69
	5.43
	9.95
	3
	4.48
	0.00
	9.43

	C. perfringens
	127
	7.06
	5.87
	8.24
	1
	1.49
	0.00
	4.40

	S. aureus
	144
	8.00
	6.75
	9.25
	2
	2.99
	0.00
	7.06

	Enterobacteriaceae
	1,719
	95.55
	94.60
	96.51
	62
	92.54
	86.24
	98.83

	Enterococcus spp.
	452
	25.11
	23.11
	27.11
	30
	44.78
	32.87
	56.68

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
Ф, Y. enterocolitica confirmed in 533 meat samples purchased from butchers with a use by date and 67 meat samples purchased from butchers without a use by date

Table 28: Microbiological contamination (unweighted) of beef based on the cost per 100g
	
	£0.00 - £0.49 (n=319)
	£0.50 - £0.99 (n=1,915)
	£1.00 - £1.49 (n=670)
	£1.50 - £1.99 (n=239)
	£2.00 and above (n=106)

	
	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.
	2
	0.63
	0.00
	1.49
	1
	0.05
	0.00
	0.15
	0
	0.00
	0.00
	0.45
	1
	0.42
	0.00
	1.24
	0
	0.00
	0.00
	2.79

	Salmonella spp.
	1
	0.31
	0.00
	0.93
	2
	0.10
	0.00
	0.25
	3
	0.45
	0.00
	0.95
	0
	0.00
	0.00
	1.25
	0
	0.00
	0.00
	2.79

	E. coli O157
	0
	0.00
	0.00
	0.93
	1
	0.05
	0.00
	0.15
	0
	0.00
	0.00
	0.45
	0
	0.00
	0.00
	1.25
	0
	0.00
	0.00
	2.79

	E. coli 
	115
	36.05
	30.78
	41.32
	740
	38.64
	36.46
	40.82
	166
	24.78
	21.51
	28.05
	62
	28.45
	22.73
	34.17
	22
	20.75
	13.03
	28.48

	Listeria spp.
	45
	14.11
	10.29
	17.93
	238
	12.43
	10.95
	13.91
	49
	7.31
	5.34
	9.28
	17
	7.11
	3.85
	10.37
	4
	3.77
	0.15
	7.40

	L. monocytogenes
	10
	3.13
	1.22
	5.05
	71
	3.71
	2.86
	4.55
	17
	2.54
	1.35
	3.73
	6
	2.51
	0.53
	4.49
	1
	0.94
	0.00
	2.78

	Y. enterocolitica
	15
	11.90
	6.25
	17.56
	92
	12.85
	10.40
	15.30
	23
	10.13
	6.21
	14.06
	8
	11.11
	3.85
	18.37
	4
	12.50
	1.04
	23.96

	C. perfringens
	53
	16.61
	12.53
	20.70
	329
	17.18
	15.49
	18.87
	74
	11.04
	8.67
	13.42
	29
	12.13
	7.99
	16.27
	4
	3.77
	0.15
	7.40

	S. aureus
	25
	7.84
	4.89
	10.79
	108
	5.64
	4.61
	6.67
	29
	4.33
	2.79
	5.87
	15
	6.28
	3.20
	9.35
	4
	3.77
	0.15
	7.40

	Enterobacteriaceae
	309
	97.17
	95.35
	98.99
	1,840
	96.08
	95.21
	96.95
	642
	95.82
	94.31
	97.34
	226
	94.56
	91.69
	97.44
	100
	94.34
	89.94
	98.74

	Enterococcus spp.
	185
	57.99
	52.58
	63.41
	948
	49.50
	47.26
	51.74
	283
	42.24
	38.50
	45.98
	77
	32.22
	26.29
	38.14
	43
	40.57
	31.22
	49.91

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 1,174 beef samples of which 126 were cost £0.00 - £0.49 per 100g, 716 were £0.50 - £0.99, 227 were £1.00- £1.49, 72 were £1.50 - £1.99 and 32 were £2.00 and above


Table 29: Microbiological contamination (unweighted) of pork based on the cost per 100g
	
	£0.00 - £0.49 (n=618)
	£0.50 - £0.99 (n=1,026)
	£1.00 - £1.49 (n=42)
	£1.50 - £1.99 (n=2)
	£2.00 and above (n=2)

	
	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.
	2
	0.32
	0.00
	0.77
	8
	0.78
	0.24
	1.32
	0
	0.00
	0.00
	6.88
	0
	0.00
	0.00
	77.64
	0
	0.00
	0.00
	77.64

	Salmonella spp.
	4
	0.65
	0.02
	1.28
	5
	0.49
	0.06
	0.91
	0
	0.00
	0.00
	6.88
	0
	0.00
	0.00
	77.64
	0
	0.00
	0.00
	77.64

	E. coli O157
	0
	0.00
	0.00
	0.48
	0
	0.00
	0.00
	0.29
	0
	0.00
	0.00
	6.88
	0
	0.00
	0.00
	77.64
	0
	0.00
	0.00
	77.64

	E. coli 
	269
	43.53
	39.62
	47.44
	337
	32.85
	29.97
	35.72
	15
	35.71
	21.22
	50.21
	2
	100.00
	100.00
	100.00
	1
	50.00
	0.00
	119.30

	Listeria spp.
	80
	12.94
	10.30
	15.59
	102
	9.94
	8.11
	11.77
	4
	9.52
	0.65
	18.40
	0
	0.00
	0.00
	77.64
	1
	50.00
	0.00
	119.30

	L. monocytogenes
	18
	2.91
	1.59
	4.24
	27
	2.63
	1.65
	3.61
	2
	4.76
	0.00
	11.20
	0
	0.00
	0.00
	77.64
	0
	0.00
	0.00
	77.64

	Y. enterocolitica
	27
	9.85
	6.32
	13.38
	32
	8.82
	5.90
	11.73
	1
	6.67
	0.00
	19.29
	0
	0.00
	0.00
	95.00
	0
	0.00
	0.00
	95.00

	C. perfringens
	29
	4.69
	3.03
	6.36
	30
	2.92
	1.89
	3.95
	2
	4.76
	0.00
	11.20
	0
	0.00
	0.00
	77.64
	0
	0.00
	0.00
	77.64

	S. aureus
	89
	14.40
	11.63
	17.17
	94
	9.16
	7.40
	10.93
	7
	16.67
	5.40
	27.94
	0
	0.00
	0.00
	77.64
	1
	50.00
	0.00
	100.00

	Enterobacteriaceae
	605
	97.90
	96.77
	99.03
	995
	96.98
	95.93
	98.03
	41
	97.62
	93.01
	102.23
	2
	100.00
	100.00
	100.00
	2
	100.00
	100.00
	100.00

	Enterococcus spp.
	336
	54.37
	50.44
	58.30
	534
	52.05
	48.99
	55.10
	22
	52.38
	37.28
	67.49
	0
	0.00
	0.00
	77.64
	1
	50.00
	0.00
	100.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 654 pork samples of which 274 were cost £0.00 - £0.49 per 100g, 363 were £0.50 - £0.99, 15 were £1.00- £1.49, 1 was £1.50 - £1.99 and 1 was£2.00 and above

Table 30: Microbiological contamination (unweighted) of lamb based on the cost per 100g
	
	£0.00 - £0.49 (n=117)
	£0.50 - £0.99 (n=621)
	£1.00 - £1.49 (n=275)
	£1.50 - £1.99 (n=39)
	£2.00 and above (n=2)

	
	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.
	2
	1.71
	0.00
	4.06
	3
	0.48
	0.05
	1.03
	0
	0.00
	0.00
	1.08
	0
	0.00
	0.00
	7.39
	0
	0.00
	0.00
	77.64

	Salmonella spp.
	0
	0.00
	0.00
	2.53
	0
	0.00
	0.00
	0.48
	0
	0.00
	0.00
	1.08
	0
	0.00
	0.00
	7.39
	0
	0.00
	0.00
	77.64

	E. coli O157
	0
	0.00
	0.00
	2.53
	0
	0.00
	0.00
	0.48
	0
	0.00
	0.00
	1.08
	0
	0.00
	0.00
	7.39
	0
	0.00
	0.00
	77.64

	E. coli 
	35
	29.91
	21.62
	38.21
	141
	22.71
	19.41
	26.00
	51
	18.55
	13.95
	23.14
	5
	12.82
	2.33
	23.31
	0
	0.00
	0.00
	77.64

	Listeria spp.
	12
	10.26
	4.76
	15.75
	55
	8.86
	6.62
	11.09
	10
	3.64
	1.42
	5.85
	1
	2.56
	0.00
	7.52
	0
	0.00
	0.00
	77.64

	L. monocytogenes
	5
	4.27
	0.61
	7.94
	25
	4.03
	2.48
	5.57
	3
	1.09
	0.00
	2.32
	0
	0.00
	0.00
	7.39
	0
	0.00
	0.00
	77.64

	Y. enterocolitica
	4
	5.41
	0.25
	10.56
	39
	11.47
	8.08
	14.86
	22
	13.75
	8.41
	19.09
	3
	12.00
	0.00
	24.74
	0
	0.00
	0.00
	77.64

	C. perfringens
	18
	15.38
	8.85
	21.92
	32
	5.15
	3.41
	6.89
	5
	1.82
	0.24
	3.40
	0
	0.00
	0.00
	7.39
	0
	0.00
	0.00
	77.64

	S. aureus
	7
	5.98
	1.69
	10.28
	34
	5.48
	3.69
	7.26
	7
	2.55
	0.68
	4.41
	3
	7.69
	0.00
	16.06
	0
	0.00
	0.00
	77.64

	Enterobacteriaceae
	110
	94.02
	89.72
	98.31
	557
	92.91
	90.90
	94.93
	259
	94.18
	91.42
	96.95
	37
	94.87
	87.95
	101.79
	2
	100.00
	100.00
	100.00

	Enterococcus spp.
	52
	44.44
	35.44
	53.45
	272
	43.80
	39.90
	47.70
	112
	40.73
	34.92
	46.53
	10
	25.64
	11.94
	39.35
	1
	50.00
	0.00
	100.00

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 601 lamb samples of which 74 were cost £0.00 - £0.49 per 100g, 340 were £0.50 - £0.99, 160 were £1.00- £1.49, 25 were £1.50 - £1.99 and 2 were £2.00 and above


Table 31: Microbiological contamination (unweighted) of roasting joints based on the cost per 100g
	
	£0.00 - £0.49 (n=699)
	£0.50 - £0.99 (n=1,732)
	£1.00 - £1.49 (n=65)
	£1.50 - £1.99 (n=9)
	£2.00 and above (n=5)

	
	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.
	4
	0.57
	0.01
	1.13
	5
	0.29
	0.04
	0.54
	0
	0.00
	0.00
	4.50
	0
	0.00
	0.00
	28.31
	0
	0.00
	0.00
	45.07

	Salmonella spp.
	3
	0.43
	0.00
	0.91
	4
	0.23
	0.00
	0.46
	0
	0.00
	0.00
	4.50
	0
	0.00
	0.00
	28.31
	0
	0.00
	0.00
	45.07

	E. coli O157
	0
	0.00
	0.00
	0.43
	1
	0.06
	0.00
	0.17
	0
	0.00
	0.00
	4.50
	0
	0.00
	0.00
	28.31
	0
	0.00
	0.00
	45.07

	E. coli 
	309
	44.21
	40.52
	47.89
	699
	40.36
	38.05
	42.67
	23
	35.38
	23.76
	47.01
	4
	44.44
	11.98
	76.91
	2
	40.00
	0.00
	82.94

	Listeria spp.
	111
	15.88
	13.17
	18.59
	226
	13.05
	11.46
	14.63
	7
	10.77
	3.23
	18.31
	2
	22.22
	0.00
	49.38
	1
	20.00
	0.00
	55.06

	L. monocytogenes
	25
	3.58
	2.20
	4.95
	69
	3.98
	3.06
	4.90
	3
	4.62
	0.00
	9.72
	1
	11.11
	0.00
	31.64
	0
	0.00
	0.00
	45.07

	Y. enterocolitica
	27
	8.16
	5.21
	11.11
	95
	13.31
	10.81
	15.80
	0
	0.00
	0.00
	13.29
	0
	0.00
	0.00
	77.64
	0
	0.00
	0.00
	63.16

	C. perfringens
	78
	11.16
	8.82
	13.49
	262
	15.13
	13.44
	16.81
	7
	10.77
	3.23
	18.31
	1
	11.11
	0.00
	31.64
	0
	0.00
	0.00
	45.07

	S. aureus
	93
	13.30
	10.79
	15.82
	121
	6.99
	5.79
	8.19
	9
	13.85
	5.45
	22.24
	0
	0.00
	0.00
	28.31
	1
	20.00
	0.00
	55.06

	Enterobacteriaceae
	681
	97.42
	96.25
	98.60
	1,666
	96.19
	95.29
	97.09
	61
	93.85
	88.00
	99.69
	8
	88.89
	68.36
	109.42
	5
	100.00
	100.00
	100.00

	Enterococcus spp.
	408
	58.37
	54.71
	62.02
	889
	51.33
	48.97
	53.68
	30
	46.15
	34.03
	58.27
	2
	22.22
	0.00
	49.38
	2
	40.00
	0.00
	82.94

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Unweighted prevalence
, Y. enterocolitica confirmed in 1,071 roasting joints of which 331 were cost £0.00 - £0.49 per 100g, 714 were £0.50 - £0.99, 21 were £1.00- £1.49, 2 were £1.50 - £1.99 and 3 were £2.00 and above

Table 32: Microbiological contamination (unweighted) of steaks/chops based on the cost per 100g
	
	£0.00 - £0.49 (n=355)
	£0.50 - £0.99 (n=1,830)
	£1.00 - £1.49 (n=922)
	£1.50 - £1.99 (n=271)
	£2.00 and above (n=105)

	
	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.
	2
	0.56
	0.00
	1.34
	7
	0.38
	0.10
	0.67
	0
	0.00
	0.00
	0.32
	1
	0.37
	0.00
	1.09
	0
	0.00
	0.00
	2.81

	Salmonella spp.
	2
	0.56
	0.00
	1.34
	3
	0.16
	0.00
	0.35
	3
	0.33
	0.00
	0.69
	0
	0.00
	0.00
	1.10
	0
	0.00
	0.00
	2.81

	E. coli O157
	0
	0.00
	0.00
	0.84
	0
	0.00
	0.00
	0.16
	0
	0.00
	0.00
	0.32
	0
	0.00
	0.00
	1.10
	0
	0.00
	0.00
	2.81

	E. coli 
	110
	30.99
	26.18
	35.80
	519
	28.36
	26.30
	30.43
	209
	22.67
	19.97
	25.37
	71
	26.20
	20.96
	31.43
	21
	20.00
	12.35
	27.65

	Listeria spp.
	26
	7.32
	4.61
	10.03
	169
	9.23
	7.91
	10.56
	56
	6.07
	4.53
	7.62
	16
	5.90
	3.10
	8.71
	4
	3.81
	0.15
	7.47

	L. monocytogenes
	8
	2.25
	0.71
	3.80
	54
	2.95
	2.18
	3.73
	19
	2.06
	1.14
	2.98
	5
	1.85
	0.24
	3.45
	1
	0.95
	0.00
	2.81

	Y. enterocolitica
	19
	13.29
	7.72
	18.85
	68
	9.65
	7.47
	11.82
	46
	12.07
	8.80
	15.35
	11
	11.46
	5.09
	17.83
	4
	12.50
	1.04
	23.96

	C. perfringens
	22
	6.20
	3.69
	8.71
	129
	7.05
	5.88
	8.22
	74
	8.03
	6.27
	9.78
	28
	10.33
	6.71
	13.96
	4
	3.81
	0.15
	7.47

	S. aureus
	28
	7.89
	5.08
	10.69
	115
	6.28
	5.17
	7.40
	34
	3.69
	2.47
	4.90
	18
	6.64
	3.68
	9.21
	4
	3.81
	0.15
	7.47

	Enterobacteriaceae
	343
	96.89
	95.09
	98.70
	1,746
	95.41
	94.45
	96.37
	881
	95.55
	94.22
	96.88
	257
	94.83
	92.20
	97.47
	99
	94.29
	89.85
	98.73

	Enterococcus spp.
	165
	46.48
	41.29
	51.67
	865
	47.27
	44.98
	49.56
	387
	41.97
	38.79
	45.16
	85
	31.37
	25.84
	36.89
	43
	40.95
	31.55
	50.36

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 1,357 steaks/chops of which 143 were cost £0.00 - £0.49 per 100g, 705 were £0.50 - £0.99, 381 were £1.00- £1.49, 96 were £1.50 - £1.99 and 32 were £2.00 and above



Table 33: Campylobacter spp. detected (unweighted) on red meat at retail sale in the UK
	
	No. of positive samples
	% of positive samples
	Prevalence
(%)
	95% CI* (%)

	
	
	
	
	Lower
	Upper

	Campylobacter spp.
	21
	
	0.35
	0.20
	0.50

	C. jejuni
	20
	95.24
	0.33
	0.19
	0.48

	C. coli
	1
	4.76
	0.02
	0.00
	0.05

	
	
	
	
	
	


, Unweighted prevalence
*, 95% confidence interval


Table 34: Salmonella spp. detected (unweighted) on red meat at retail sale in the UK
	
	No. of positive samples
	% of positive samples
	Prevalence
(%)
	95% CI* (%)

	
	
	
	
	Lower
	Upper

	Salmonella spp.
	15
	
	0.25
	0.12
	0.38

	S. Cerro
	7
	46.67
	0.12
	0.03
	0.20

	S. Typhimurium
	4
	26.67
	0.07
	0.00
	0.13

	(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

	
	
	
	
	
	


, Unweighted prevalence
*, 95% confidence interval


Table 35: Listeria spp. detected (unweighted) on red meat at retail sale in the UK
	
	No. of positive samples
	% of positive samples
	Prevalence
(%)
	95% CI* (%)

	
	
	
	
	Lower
	Upper

	Listeria spp.
	619†
	
	10.32
	9.55
	11.09

	L. welshimeri
	349
	56.38
	5.82
	5.23
	6.41

	L. monocytogenes
	185
	29.89
	3.08
	2.65
	3.52

	L. innocua
	125
	20.19
	2.08
	1.72
	2.45

	L. seeligeri
	4
	0.65
	0.07
	0.00
	0.13

	Not isolated
	6
	0.97
	0.10
	0.02
	0.18

	
	
	
	
	
	


, Unweighted prevalence
*, 95% confidence interval
†, 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 will add up to the Listeria spp. detected in the meat samples tested.   


Table 36: Y. enterocolitica serotypes detected (unweighted) on red meat at retail sale in the UK
	
	No. of positive samples
	% of positive samples
	Prevalence
(%)
	95% CI* (%)

	
	
	
	
	Lower
	Upper

	Yersinia spp.
	353
	
	14.53
	13.13
	15.93

	Y. enterocolitica
	270
	76.49
	11.12
	8.87
	11.14

	O unidentifiable
	190
	53.82
	7.82
	6.26
	8.25

	O5
	16
	4.53
	0.66
	0.33
	0.97

	O48
	10
	2.83
	0.41
	0.16
	0.66

	O41, 43
	8
	2.27
	0.33
	0.10
	0.56

	O40
	6
	1.70
	0.25
	0.05
	0.44

	O rough
	5
	1.42
	0.21
	0.03
	0.39

	Other serotypes†
	35
	9.92
	1.44
	0.95
	1.89

	Other Yersinia spp.
	83
	23.51
	3.42
	2.61
	4.00

	
	
	
	
	
	


, Unweighted prevalence
*, 95% confidence interval
†, 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.




APPENDIX I: WEIGHTING SAMPLES 

Weighting
The final sample was weighted to ensure that it was representative of the UK market.  The weighting factors were:
UK countries market share
Red meat type market share
Supermarket/butchers market share

A total of 5,998 red meat samples were collected during the course of this survey.  Table 37 below summarises the number of samples collected for each sub-section.

Table 37: Weighting of samples - observed number of samples
	
	England
	Scotland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	1,679
	877
	549
	269
	139
	88

	Butchers
	621
	322
	197
	133
	71
	42

	
	
	
	
	
	
	

	Total
	2,300
	1,199
	746
	402
	210
	130



	
	Wales
	Northern Ireland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	105
	56
	39
	178
	94
	58

	Butchers
	43
	21
	13
	221
	113
	70

	
	
	
	
	
	
	

	Total
	148
	77
	52
	399
	207
	128



Table 38 shows Table 37 with the values given as percentages.

Table 38: Weighting of samples – percentage of observed number of samples
	
	England
	Scotland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	72.7%
	72.8%
	72.9%
	66.8%
	67.0%
	67.4%

	Butchers
	27.3%
	27.2%
	27.1%
	33.2%
	33.0%
	32.6%

	
	
	
	
	
	
	

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%



	
	Wales
	Northern Ireland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	71.7%
	72.7%
	73.5%
	44.6%
	45.2%
	45.7%

	Butchers
	28.3%
	27.3%
	26.5%
	55.4%
	54.8%
	54.3%

	
	
	
	
	
	
	

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%




The market share data in the 2002/2003 Expenditure and Food Survey report was used to produce UK red meat consumption figures.  The figures are also split according to the country, meat type and retailer type market share (Table 39).

Table 39: Weighting of samples - market share data
	
	England
	Scotland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	72.6%
	75.1%
	61.1%
	66.2%
	75.4%
	52.7%

	Butchers
	27.4%
	24.9%
	38.9%
	33.8%
	24.6%
	47.3%

	
	
	
	
	
	
	

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%



	
	Wales
	Northern Ireland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	71.0%
	76.4%
	57.8%
	43.9%
	76.4%
	54.2%

	Butchers
	29.0%
	23.6%
	42.2%
	56.1%
	23.6%
	45.8%

	
	
	
	
	
	
	

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%



To take the observed samples and weight them to the market share data and make them representative, the following weightings were applied (Table 40).

Table 40: Weighting of samples - adjustment according to market share data
	
	England
	Scotland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	0.995
	1.027
	0.830
	0.989
	1.140
	0.778

	Butchers
	1.014
	0.926
	1.473
	1.023
	0.727
	1.466

	
	
	
	
	
	
	



	
	Wales
	Northern Ireland

	
	Beef
	Pork
	Lamb
	Beef
	Pork
	Lamb

	Supermarket
	1.000
	1.050
	0.770
	0.983
	1.682
	1.196

	Butchers
	0.999
	0.866
	1.689
	1.014
	0.433
	0.838

	
	
	
	
	
	
	




APPENDIX J: THE EFFECT OF INCLUDING RED MEAT SAMPLES TESTED AFTER THE USE BY DATE ON MICROBIOLOGICAL PREVALENCE

One of the key criteria for including red meat samples under this survey was that the meat samples should be tested within 2 days of purchase and should be within the shelf life (i.e. tested on or before the meat’s date).  At a late stage of data analysis, it became apparent that 22 of the 5,998 meat samples tested were not tested within 2 days of purchase and 19 of these samples were tested after their use by dates.  This represents only 0.37% of the total meat samples tested.  These 19 samples should have been excluded from the data analysis.  The remaining 3 samples were not tested within 2 days of purchase but were tested before the use by date.  Therefore these meat samples were not excluded from the dataset.

Further analysis was carried out to determine whether excluding the results of the 19 unacceptable samples had an effect on the overall microbiological prevalence recorded.  Additional analysis was also carried out to determine whether removing these samples also affected the microbiological prevalence according to the different variables tested.  These variables included country where sample was purchased from, meat type, meat cut, retailer type, production type, packaging type, season and price per 100g.  Of all the variables tested a difference in prevalence was only observed for red meat samples purchased from Wales and in summer 2007.  These findings are provided in below.

Microbiological prevalence
Table 41 compares the microbiological prevalence for all red meat samples tested, including and excluding the 19 samples which were tested after their use by date.  These data indicate that removing these 19 samples had a negligible effect on the overall microbiological prevalence recorded for all the red meat samples tested.  The largest difference in prevalence was observed for Listeria spp. which reduced by 0.07% (10.62% to 10.55%) when the 19 samples tested beyond their shelf life was removed.

Table 41: Comparison of microbiological contamination (weighted) of red meat samples tested before and after the use by date
	
	All meat samples tested
(n=5,998)
	Meat samples tested excluding the 19 out of date samples (n=5,979)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	21
	0.36
	0.21
	0.51
	21
	0.36
	0.21
	0.51

	Salmonella spp.
	15
	0.24
	0.12
	0.37
	15
	0.24
	0.12
	0.37

	E. coli O157
	1
	0.02
	0.00
	0.05
	1
	0.02
	0.00
	0.05

	E. coli
	1,970
	32.94
	31.75
	34.13
	1,964
	32.95
	31.75
	34.14

	Listeria spp.
	619
	10.62
	9.84
	11.40
	613
	10.55
	9.76
	11.32

	L. monocytogenes
	185
	3.17
	2.73
	3.62
	182
	3.12
	2.68
	3.56

	Y. enterocolitica†
	270
	10.91
	9.67
	12.15
	268
	10.86
	9.63
	12.10

	C. perfringens
	605
	9.99
	9.23
	10.75
	602
	9.97
	9.21
	10.73

	S. aureus
	423
	7.18
	6.53
	7.84
	421
	7.17
	6.52
	7.83

	Enterobacteriaceae
	5,752
	95.88
	95.37
	96.38
	5,733
	95.86
	95.36
	96.37

	Enterococcus spp.
	2,878
	48.15
	46.89
	49.42
	2,871
	48.18
	46.92
	49.45


*, 95% confidence interval
, Weighted prevalence
†, Y. enterocolitica confirmed from 2,429 red meat samples

Meat samples purchased from Wales
Table 42 shows the microbiological prevalence for meat samples purchased from Wales including and excluding the out of date samples.

Table 42: Comparison of microbiological contamination (weighted) of red meat samples purchased from Wales tested before and after the use by date
	
	All meat samples tested purchased from Wales
(n=277)
	Meat samples tested purchased from Wales excluding the 3 out of date samples (n=274)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	0
	0.00
	0.00
	1.08
	0
	0.00
	0.00
	1.09

	Salmonella spp.
	1
	0.38
	0.00
	1.10
	1
	0.38
	0.00
	1.12

	E. coli O157
	0
	0.00
	0.00
	1.08
	0
	0.00
	0.00
	1.09

	E. coli
	88
	32.05
	26.56
	37.55
	87
	32.15
	26.62
	37.68

	Listeria spp.
	28
	11.08
	7.38
	14.78
	27
	10.61
	6.96
	14.25

	L. monocytogenes
	12
	5.30
	2.66
	7.93
	11
	4.75
	2.23
	7.27

	Y. enterocolitica
	18†
	15.08
	8.74
	21.43
	18‡
	15.53
	9.03
	22.04

	C. perfringens
	43
	15.27
	11.03
	19.50
	43
	15.47
	11.19
	19.75

	S. aureus
	18
	6.46
	3.57
	9.36
	17
	6.23
	3.37
	9.09

	Enterobacteriaceae
	273
	98.37
	96.88
	99.86
	270
	98.35
	96.84
	99.86

	Enterococcus spp.
	137
	49.21
	43.32
	55.10
	135
	48.87
	42.95
	54.79


*, 95% confidence interval
, Weighted prevalence
†, Y. enterocolitica confirmed from 122 red meat samples purchased from Wales
‡, Y. enterocolitica confirmed from 119 red meat samples purchased from Wales

Fifteen percent (n=3/19) of the out of date samples were purchased in Wales.  The sample size for Wales was not boosted therefore samples purchased from Wales only made up 4.6% of the whole samples (n=277/5,998), so a disproportionate percentage of the samples tested after the shelf life were purchased in Wales.  This disparity is likely to have caused a larger impact on the prevalence of microorganisms than in the other subsets where no such disparity exists.  However the difference is still small with the largest differences seen in Listeria spp. with a reduction of 0.47% (11.97% to 11.55%) when the 3 out of specification samples are removed.

Meat samples purchased in summer 2007
Table 43 shows the microbiological prevalence for meat samples purchased during the summer months (June to August) in 2007, including and excluding the out of date samples.

Table 43: Comparison of microbiological contamination (weighted) of red meat samples purchased during summer 2007 tested before and after the use by date
	
	All meat samples tested purchased during summer 2007
(n=611)
	Meat samples tested purchased during summer 2007 excluding the 13 out of date samples (n=598)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	8
	1.00
	0.20
	1.80
	8
	1.02
	0.22
	1.83

	Salmonella spp.
	5
	0.83
	0.11
	1.56
	5
	0.85
	0.12
	1.59

	E. coli O157
	0
	0.00
	0.00
	0.50
	0
	0.00
	0.00
	0.50

	E. coli
	253
	41.04
	37.10
	44.97
	249
	41.37
	37.32
	45.21

	Listeria spp.
	73
	11.97
	9.40
	14.54
	69
	11.55
	8.99
	14.11

	L. monocytogenes
	24
	3.94
	2.40
	5.48
	23
	3.68
	2.17
	5.19

	Y. enterocolitica†
	-
	-
	-
	-
	-
	-
	-
	-

	C. perfringens
	111
	18.19
	15.11
	21.27
	109
	18.26
	15.16
	21.35

	S. aureus
	45
	7.34
	5.25
	9.42
	44
	7.33
	5.24
	9.42

	Enterobacteriaceae
	578
	94.79
	93.01
	96.57
	565
	94.67
	92.87
	96.47

	Enterococcus spp.
	236
	39.29
	35.39
	43.20
	234
	39.83
	35.90
	43.75


*, 95% confidence interval
, Weighted prevalence
†, No meat samples purchased during summer 2007 were tested for Y. enterocolitica

Sixty eight percent (n=13/19) of the out of date samples were purchased in summer months (June to August) in 2007.  Only 10.1% of the samples were tested in the summer 2007 for the whole sample (n=611/5,998), so a disproportionate percentage of the samples tested after their use by date were purchased in summer 2007.  This disparity is likely to have caused a larger impact on the microbiological prevalence than in the other subsets where no such disparity exists.  However the difference is small with the largest differences seen in Listeria spp. with a reduction of 0.42% (11.97% to 11.55%) when the 13 out of specification samples were removed.

Since removing the out of date samples (0.37% of 5,998) only had a minimal effect on the overall prevalence and only affected 2 variables, it was decided that the additional considerable time and effort required to reanalyse the entire survey dataset would provide no additional benefit.  The results from these samples remain in the full survey dataset.  However, as their results were negligible, detailed information for these samples tested after the use by date (retailer details, product names) have been removed from the publicly available data set.

APPENDIX K: MICROBIOLOGICAL CONTAMINATION OF RED MEATS WITH ADDED INGREDIENTS

Although the remit of this survey was to sample fresh red meat only, a few products which contained added ingredients were also collected.  These included meat samples which contained added basting fats, water, salt and glucose.  Table 44 provides a breakdown of contamination in meats with and without added ingredients.

Table 44: Microbiological contamination (weighted) of red meat with added ingredients
	
	Meat without added ingredients
(n=5,814)
	Meat with added ingredients (n=184)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	21
	0.37
	0.21
	0.53
	0
	0.00
	0.00
	1.53

	Salmonella spp.
	15
	0.25
	0.12
	0.38
	0
	0.00
	0.00
	1.53

	E. coli O157
	1
	0.02
	0.00
	0.05
	0
	0.00
	0.00
	1.53

	E. coli
	1,912
	33.04
	31.83
	34.25
	58
	29.76
	23.33
	36.19

	Listeria spp.
	593
	10.49
	9.70
	11.27
	25
	14.64
	9.53
	19.75

	L. monocytogenes
	182
	3.23
	2.77
	3.68
	3
	1.56
	0.00
	3.34

	Y. enterocolitica
	261
	11.03
	9.76
	12.31
	9
	8.37
	3.19
	13.54

	C. perfringens
	578
	9.86
	9.09
	10.63
	27
	13.83
	8.98
	18.69

	S. aureus
	413
	7.24
	6.57
	7.90
	10
	5.56
	2.34
	8.78

	Enterobacteriaceae
	5,575
	95.86
	95.35
	96.38
	177
	96.31
	93.67
	98.96

	Enterococcus spp.
	2,744
	47.33
	46.04
	48.61
	134
	72.73
	66.47
	79.00


, Includes samples which contained added ingredients such as basting fats, water, glucose and salt
*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 2,323 without and 105 meats with added ingredients

The prevalence of Campylobacter and Salmonella was 0.37% (n=21) and 0.25% (n=15) in meat without added ingredients.  These organisms were not detected in any meat containing added ingredients.  E. coli O157 was detected in 1 meat sample (0.02%) not containing added ingredients.  The prevalence of Listeria spp., L. monocytogenes and Y. enterocolitica were reported as 10.49% (n=593), 3.23% (n=182) and 11.03% (n=261) respectively for meat without added ingredients; and 14.64% (n=25) for Listeria spp., 1.56% (n=3) for L. monocytogenes and 8.37% (n=9) for Y. enterocolitica for meats with added ingredients.  The prevalence of C. perfringens was 9.86% (n=578) in meat with no added ingredients compared to 13.83% (n=27) for meats with added ingredients.  However, careful interpretation should be given when comparing the microbiological contamination between meats with added ingredients with those without, due to the limited sample size from added ingredients category.

APPENDIX L: MICROBIOLOGICAL CONTAMINATION OF RED MEAT BY SEASON

The prevalence of microbial contamination by season is summarised in Figure 2 and Table 45 (Table 25 of Appendix H shows the unweighted prevalence results by season).  For this survey the seasons were defined as: spring: March - May, summer: June - August, autumn: September - November and winter: December - February.  The whiskers (error bars) on the graph represented the 95% confidence interval for the given microorganism in the given seasons.

Figure 2: Microbiological contamination (weighted) by season


In 2006, a total of 458 samples were collected during spring, 1,143 during summer, 1,368 during autumn and 1,169 during winter 2006/2007.  In 2007 1,249 samples were collected during spring and 611 during the summer.  The prevalence of Campylobacter, Salmonella and E. coli O157 was very low throughout the survey.  Prevalence ranged from 0.00% to 0.33% for Campylobacter, 0.00% to 0.30% for Salmonella and 0.00% to 0.08% for E. coli O157.  The prevalence of L. monocytogenes was also low and remained comparatively constant throughout the survey, ranging from 2.49% (summer 2006) to 4.03% (spring 2007).  The prevalence of C. perfringens increased during the survey ranging from 1.41% in spring 2006 peaking to 18.19% in summer 2007.  There was a sharp increase in C. perfringens from summer (3.62%) to autumn (14.06%) 2006 and also from spring 2007 (10.35%) to summer 2007 (18.19%).  The prevalence of Y. enterocolitica started at 7.39% in spring 2006 and peaked at 16.56% in autumn 2006.  The prevalence of Enterobacteriaceae and Enterococcus spp. remained constantly high during the sampling period.  Enterobacteriaceae ranging from 92.88% to 98.30% and Enterococcus spp. ranged from 39.87% to 54.68%.  Table 45 provides further details on the prevalence levels (including 95% confidence intervals) recorded during the survey.

Table 45: Microbiological contamination (weighted) by season† 
	
	Spring 2006 (n=458)
	Summer 2006 (n=1,143)
	Autumn 2006 (n=1,368)

	
	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
	0.65
	0
	0.00
	0.00
	0.26
	2
	0.22
	0.00
	0.46

	Salmonella spp.
	0
	0.00
	0.00
	0.65
	2
	0.18
	0.00
	0.42
	2
	0.15
	0.00
	0.36

	E. coli O157
	0
	0.00
	0.00
	0.65
	0
	0.00
	0.00
	0.26
	0
	0.00
	0.00
	0.22

	E. coli 
	94
	20.73
	17.01
	24.45
	421
	36.77
	33.97
	39.56
	485
	36.17
	33.62
	38.72

	Listeria spp.
	36
	8.48
	5.93
	11.03
	77
	7.03
	5.55
	8.52
	161
	12.02
	10.30
	13.75

	L. monocytogenes
	12
	2.97
	1.41
	4.53
	26
	2.49
	1.59
	3.39
	39
	2.93
	2.04
	3.83

	Y. enterocolitica
	34
	7.39
	4.99
	9.80
	95
	8.21
	6.62
	9.80
	141
	16.56
	14.03
	19.08

	C. perfringens
	7
	1.41
	0.33
	2.49
	41
	3.62
	2.53
	4.70
	195
	14.06
	12.22
	15.90

	S. aureus
	30
	6.31
	4.08
	8.54
	61
	5.74
	4.39
	7.09
	136
	10.13
	8.53
	11.73

	Enterobacteriaceae
	448
	97.60
	96.19
	99.00
	1,122
	98.30
	97.55
	99.05
	1,319
	96.52
	95.55
	97.49

	Enterococcus spp.
	244
	52.72
	48.14
	57.30
	625
	54.91
	52.02
	57.80
	735
	53.62
	50.98
	56.26

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	Winter 2006/2007 (n=1,169)
	Spring 2007 (n=1,249)
	Summer 2007 (n=611)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	3
	0.33
	0.00
	0.66
	8
	0.69
	0.23
	1.15
	8
	1.00
	0.20
	1.80

	Salmonella spp.
	4
	0.30
	0.00
	0.61
	2
	0.15
	0.00
	0.37
	5
	0.83
	0.11
	1.56

	E. coli O157
	1
	0.08
	0.00
	0.25
	0
	0.00
	0.00
	0.24
	0
	0.00
	0.00
	0.50

	E. coli 
	341
	29.12
	26.52
	31.71
	376
	30.07
	27.53
	32.61
	253
	41.04
	37.10
	44.97

	Listeria spp.
	115
	10.05
	8.33
	11.78
	157
	13.02
	11.16
	14.89
	73
	11.97
	9.40
	14.54

	L. monocytogenes
	33
	2.90
	1.94
	3.86
	50
	4.03
	2.94
	5.12
	24
	3.94
	2.38
	5.49

	Y. enterocolitica
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	C. perfringens
	119
	10.19
	8.46
	11.92
	132
	10.35
	8.66
	12.04
	111
	18.19
	15.11
	21.22

	S. aureus
	78
	6.75
	5.32
	8.18
	73
	5.93
	4.62
	7.23
	45
	7.34
	5.25
	9.42

	Enterobacteriaceae
	1,088
	92.88
	91.41
	94.35
	1,197
	95.69
	94.57
	96.82
	578
	94.79
	93.01
	96.57

	Enterococcus spp.
	559
	47.72
	44.87
	50.57
	479
	39.01
	36.31
	41.71
	236
	39.29
	35.39
	43.20

	
	
	
	
	
	
	
	
	
	
	
	
	


†, Spring: March to May; Summer: June to August; Autumn: September to November; Winter: December to February
*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 458 samples purchased in spring 2006, 1,143 samples in Summer 2006 and 827 samples in Autumn 2006.  Samples collected in Winter 2006/2007 and Spring 2007 and Summer 2007 were not tested for Y. enterocolitica.


APPENDIX M: MICROBIOLOGICAL CONTAMINATION OF RED MEAT IN RELATION TO THE NUMBER OF DAYS REMAINING TO THE MEATS’ USE BY DATE

Figure 3 summarises the contamination of the meat compared to the number of days remaining to the products’ use by date.  Further details on the prevalence levels and 95% confidence intervals according to the use by dates are provided in Table 46 (Table 26 of Appendix H shows the unweighted prevalence results).

Figure 3: Microbiological contamination (weighted) of red meat in relation to the number of days remaining to the meats’ use by date
[image: ]
A total of 694 samples was tested 1-2 days before the use by date, 2,717 at 3-4 days, 2,142 at 5-6 days, 346 between 7-13 days and 30 samples were tested at 14 days and over.  The results of red meat samples with 14 days and over to the use by date were not included in Figure 2 as the 95% confidence intervals recorded were very large due to the small sub sample size.  The prevalence for Campylobacter and Salmonella ranged from 0.12 to 0.42% and 0.14 to 0.86% respectively.  Campylobacter and Salmonella were not detected in any samples tested 14 days (and over) before the use by date.  E. coli O157 was only detected in 1 sample tested 1-2 days before the use by date, giving a prevalence of 0.14%.  There was a gradual increase in the prevalence of Listeria spp. from 10.28% at 1-2 days before the use by date to 13.45% at 7-13 days remaining, before a notable increase to 28.26% at 14 days.  A similar trend was observed for C. perfringens with prevalence of 8.11% detected at 1-2 days rising to 15.0% at 7-13 days before sharply increasing to 33.42% prevalence in meats tested at 14 days and over.  The prevalence of L. monocytogenes remained constant in relation to the number of days remaining ranging from 2.93 to 3.84%.  The prevalence of Y. enterocolitica ranged from 9.56% at 5-6 days to 12.42% at 3-4 days but was not detected in any samples tested at 14 days and over.  E. coli prevalence reduced from 34.75% at 1-2 days to 31.74% at 7-13 days before increasing to 40.32% at 14 days.  Similarly S. aureus also decreased from 8.11 (1-2 days) to 5.94% (7-13 days) before increasing to 12.16% at 14 days remaining to the use by date.  The prevalence of Enterobacteriaceae and Enterococcus spp. remained high throughout the time period prior to the use by date, with Enterobacteriaceae ranging between 94.94 to 100.00% and Enterococcus spp. at 39.87 to 54.68%.

Table 46: Microbiological contamination (weighted) of red meat based on the number of days remaining to the meats’ use by date
	
	1-2 days (n=694)
	3-4 days (n=2,717)
	5-6 days (n=2,142)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	2
	0.42
	0.00
	0.91
	11
	0.42
	0.18
	0.66
	7
	0.31
	0.08
	0.55

	Salmonella spp.
	1
	0.14
	0.00
	0.42
	6
	0.22
	0.04
	0.40
	5
	0.21
	0.02
	0.41

	E. coli O157
	1
	0.14
	0.00
	0.42
	0
	0.00
	0.00
	0.11
	0
	0.00
	0.00
	0.14

	E. coli 
	238
	34.75
	31.21
	38.29
	903
	33.41
	31.63
	35.18
	689
	32.10
	30.11
	34.08

	Listeria spp.
	70
	10.28
	8.02
	12.54
	289
	10.79
	9.63
	11.96
	200
	9.79
	8.53
	11.05

	L. monocytogenes
	26
	3.84
	2.41
	5.27
	78
	2.93
	2.30
	3.56
	64
	3.09
	2.36
	3.82

	Y. enterocolitica
	37
	11.30
	7.78
	14.81
	137
	12.42
	10.45
	14.39
	80
	9.56
	7.57
	11.56

	C. perfringens
	57
	8.11
	6.08
	10.14
	294
	10.66
	9.50
	11.82
	191
	8.90
	7.69
	10.11

	S. aureus
	54
	8.11
	6.08
	10.14
	205
	7.66
	6.66
	8.66
	138
	6.58
	5.52
	7.63

	Enterobacteriaceae
	662
	94.94
	93.31
	96.57
	2,618
	96.36
	95.65
	97.06
	2,047
	95.68
	94.82
	96.55

	Enterococcus spp.
	277
	39.87
	36.23
	43.51
	1,282
	47.06
	45.18
	48.93
	1,090
	51.33
	49.20
	53.45

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	7-13 days (n=346)
	14 days and over (n=30)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	1
	0.12
	0.00
	0.49
	0
	0.00
	0.00
	10.06

	Salmonella spp.
	3
	0.86
	0.00
	1.83
	0
	0.00
	0.00
	10.06

	E. coli O157
	0
	0.00
	0.00
	0.85
	0
	0.00
	0.00
	10.06

	E. coli 
	110
	31.74
	26.88
	36.59
	11
	40.32
	22.23
	58.41

	Listeria spp.
	45
	13.45
	9.85
	17.04
	8
	28.26
	12.15
	44.38

	L. monocytogenes
	13
	3.79
	1.78
	5.81
	1
	3.52
	0.00
	10.32

	Y. enterocolitica
	13
	10.11
	4.82
	15.40
	0
	0.00
	0.00
	45.32

	C. perfringens
	53
	15.00
	11.28
	18.73
	9
	33.42
	16.02
	50.81

	S. aureus
	20
	5.94
	3.47
	8.41
	4
	12.16
	0.11
	24.22

	Enterobacteriaceae
	331
	95.81
	93.72
	97.90
	30
	100.00
	100.00
	100.00

	Enterococcus spp.
	186
	54.68
	49.49
	59.88
	13
	47.54
	29.13
	65.96

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 314 samples tested 1-2 days before use by date, 1,081 tested at 3-4 days, 836 at 5-6 days, 123 at 6-13 days and 5 samples at 14 days and over


APPENDIX N: MICROBIOLOGICAL CONTAMINATION ON RED MEAT PURCHASED LOOSE 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.  A decision was made to include these samples in the analyses, as these were representative of meats sold loose at retail butcher premises in the UK.  Table 47 provides a comparison of the microbiological contamination found on red meats purchased from butchers with and without a use by date (Table 27 of Appendix H shows the unweighted prevalence results).

Table 47: Comparison of microbiological contamination (weighted) of loose red meat purchased from butchers with and without use by dates
	
	Meat from butchers with a use by date (n=1,800)
	Meat from butchers without a use by date (n=67)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	20
	1.14
	0.65
	1.64
	0
	0.00
	0.00
	4.37

	Salmonella spp.
	3
	0.13
	0.00
	0.30
	0
	0.00
	0.00
	4.37

	E. coli O157
	0
	0.00
	0.00
	0.17
	0
	0.00
	0.00
	4.37

	E. coli
	656
	36.35
	34.13
	38.58
	19
	26.49
	15.93
	37.06

	Listeria spp.
	137
	7.73
	6.50
	8.96
	7
	11.35
	3.76
	18.95

	L. monocytogenes
	88
	5.12
	4.10
	6.14
	3
	5.36
	0.00
	10.75

	Y. enterocoliticaФ
	41
	7.55
	5.30
	9.79
	3
	4.75
	0.00
	9.85

	C. perfringens
	127
	7.08
	5.90
	8.27
	1
	1.37
	0.00
	4.16

	S. aureus
	144
	8.06
	6.80
	9.32
	2
	2.51
	0.00
	6.25

	Enterobacteriaceae
	1,719
	95.35
	94.38
	96.33
	62
	91.38
	84.66
	98.10

	Enterococcus spp.
	452
	25.17
	23.17
	27.18
	30
	44.93
	33.02
	56.84


*, 95% confidence interval
, Weighted prevalence
Ф, Y. enterocolitica confirmed in 533 meat samples purchased from butchers with a use by date and 67 meat samples purchased from butchers without a use by date

Of the 1,867 loose meat samples purchased from butcher premises, 1,800 had a use by date whereas 67 did not.  Care is required in the use of such a relatively limited dataset (i.e. n=67) however, the data in Table 47 indicates that red meat samples sold with a use by date were in general more contaminated with microorganisms than meat samples without a use by date.  The exception was Listeria spp., L. monocytogenes and Enterococcus spp. which were more prevalent in samples without a use by date.  The prevalence of Listeria spp. and L. monocytogenes was 11.35% (95% CI: 3.76% - 19.95%) and 5.36% (95% CI: 0.00% - 10.75%) respectively for samples without a use by date compared with 7.73% (95% CI: 6.50% - 8.96%) and 5.12% (95% CI: 4.10% - 6.14%) respectively for samples with a use by date.  Enterococcus spp. was significantly more prevalent on loose meats from butchers without a use by date (44.93%; 95% CI: 33.02 - 56.84) than meats from butchers with a use by date (25.17%; 95% CI: 23.17% - 27.18%) (p<0.001 using Chi-square test analysis).


APPENDIX O: MICROBIOLOGICAL CONTAMINATION OF BEEF ACCORDING TO THE PRICE

Figure 4 shows the microbiological contamination of beef based on the cost per 100g.

Figure 4: Microbiological contamination (weighted) of beef based on cost per 100g
[image: ]


Of the beef samples tested, 319 were priced (per 100g) between £0.00-£0.49, 1,915 at £0.50-£0.99, 670 at £1.00-£1.49, 239 at £1.50-£1.99 and 106 samples at £2.00 and over.  Figure 4 suggests that the prevalence of E. coli (38.64% - 20.83%), Listeria spp. (14.13% - 3.76%), L. monocytogenes (3.72% - 0.94%) and C. perfringens (17.12% - 3.76%) in beef tended to decrease with an increase in price.  The prevalence of Y. enterocolitica based on cost per 100g was variable ranging from 12.82% at £0.50-£0.99 to 10.11% at £1.00-£1.49.  Further information on the microbiological contamination (including the prevalence levels and 95% confidence intervals for Campylobacter, Salmonella, E. coli O157, Enterobacteriaceae and Enterococcus spp.) of beef based on price per 100g is provided in Table 48 (Table 28 of Appendix H shows the unweighted prevalence results).

Table 48: Microbiological contamination (weighted) of beef based on the cost per 100g
	
	£0.00 - £0.49 (n=319)
	£0.50 - £0.99 (n=1,915)
	£1.00 - £1.49 (n=670)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	2
	0.64
	0.00
	1.51
	1
	0.05
	0.00
	0.16
	0
	0.00
	0.00
	0.45

	Salmonella spp.
	1
	0.31
	0.00
	0.93
	2
	0.10
	0.00
	0.25
	3
	0.45
	0.00
	0.95

	E. coli O157
	0
	0.00
	0.00
	0.94
	1
	0.05
	0.00
	0.16
	0
	0.00
	0.00
	0.45

	E. coli 
	115
	36.13
	30.85
	41.41
	740
	38.64
	36.46
	40.82
	166
	24.83
	21.56
	28.11

	Listeria spp.
	45
	14.13
	10.31
	17.95
	238
	12.45
	10.97
	13.93
	49
	7.33
	5.35
	9.30

	L. monocytogenes
	10
	3.15
	1.23
	5.07
	71
	3.72
	2.87
	4.57
	17
	2.55
	1.36
	3.74

	Y. enterocolitica
	15
	11.89
	6.23
	17.56
	92
	12.82
	10.37
	15.27
	23
	10.11
	6.19
	14.03

	C. perfringens
	53
	16.62
	12.53
	20.71
	329
	17.12
	15.44
	18.81
	74
	11.01
	8.64
	13.39

	S. aureus
	25
	7.86
	4.90
	10.82
	108
	5.65
	4.62
	6.68
	29
	4.35
	2.80
	5.89

	Enterobacteriaceae
	309
	97.19
	95.37
	99.01
	1,840
	96.08
	95.21
	96.95
	642
	95.83
	94.32
	97.34

	Enterococcus spp.
	185
	57.99
	52.57
	63.42
	948
	49.36
	47.12
	51.60
	283
	42.11
	38.37
	45.84

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	£1.50 - £1.99 (n=239)
	£2.00 and above (n=106)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

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

	Campylobacter spp.
	1
	0.43
	0.00
	1.25
	0
	0.00
	0.00
	2.79

	Salmonella spp.
	0
	0.00
	0.00
	1.24
	0
	0.00
	0.00
	2.79

	E. coli O157
	0
	0.00
	0.00
	1.24
	0
	0.00
	0.00
	2.79

	E. coli 
	62
	28.49
	22.78
	34.21
	22
	20.83
	13.09
	28.56

	Listeria spp.
	17
	7.12
	3.86
	10.38
	4
	3.76
	0.14
	7.39

	L. monocytogenes
	6
	2.51
	0.53
	4.48
	1
	0.94
	0.00
	2.79

	Y. enterocolitica
	8
	11.15
	3.88
	18.42
	4
	12.53
	1.04
	24.02

	C. perfringens
	29
	12.09
	7.97
	16.22
	4
	3.76
	0.14
	7.38

	S. aureus
	15
	6.30
	3.23
	9.38
	4
	3.76
	0.14
	7.38

	Enterobacteriaceae
	226
	94.54
	91.66
	97.42
	100
	94.36
	89.97
	98.76

	Enterococcus spp.
	77
	32.03
	26.12
	37.93
	43
	40.45
	31.10
	49.80

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 1,174 beef samples of which 126 were cost £0.00 - £0.49 per 100g, 716 were £0.50 - £0.99, 227 were £1.00- £1.49, 72 were £1.50 - £1.99 and 32 were £2.00 and above


APPENDIX P: MICROBIOLOGICAL CONTAMINATION OF PORK ACCORDING TO THE PRICE

Figure 5 shows the microbiological contamination of pork based on the cost per 100g.

Figure 5: Microbiological contamination (weighted) of pork based on cost per 100g
[image: ]

Of the pork samples tested, 618 were priced (per 100g) between £0.00-£0.49, 1,026 at £0.50-£0.99, 42 at £1.00-£1.49, 2 at £1.50-£1.99 and 2 samples at £2.00 and over.  The pork samples priced £1.50 and above were not included in Figure 5 as the 95% confidence intervals recorded were very large due to the small sub sample size.  Figure 5 suggests that the prevalence of Listeria spp. (13.07% to 9.74%) and Y. enterocolitica (9.66% to 7.28%) in pork tended to decrease with increasing price, whereas the prevalence of L. monocytogenes (2.79% to 4.87%) increased with increased cost.  The prevalence of E. coli based on cost per 100g was variable ranging from 32.05% at £0.50-£0.99 to 42.94% at £0.00-£0.49.  The prevalence of C. perfringens also varied from 2.52% (at £0.50-£0.99) to 4.63% (at £0.00-£0.49).  Further information on the microbiological contamination (including the prevalence levels and 95% confidence intervals for Campylobacter, Salmonella, E. coli O157, Enterobacteriaceae and Enterococcus spp.) of pork based on price per 100g is provided in Table 49 (Table 29 of Appendix H shows the unweighted prevalence results).

Table 49: Microbiological contamination (weighted) of pork based on the cost per 100g
	
	£0.00 - £0.49 (n=618)
	£0.50 - £0.99 (n=1,026)
	£1.00 - £1.49 (n=42)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	2
	0.29
	0.00
	0.71
	8
	0.59
	0.12
	1.05
	0
	0.00
	0.00
	7.20

	Salmonella spp.
	4
	0.64
	0.02
	1.25
	5
	0.45
	0.04
	0.86
	0
	0.00
	0.00
	7.20

	E. coli O157
	0
	0.00
	0.00
	0.47
	0
	0.00
	0.00
	0.30
	0
	0.00
	0.00
	7.20

	E. coli 
	269
	42.94
	39.09
	46.80
	337
	32.05
	29.18
	34.92
	15
	37.46
	22.48
	52.45

	Listeria spp.
	80
	13.09
	10.43
	15.75
	102
	10.62
	8.73
	12.50
	4
	9.74
	0.77
	18.71

	L. monocytogenes
	18
	2.79
	1.51
	4.07
	27
	2.50
	1.54
	3.46
	2
	4.87
	0.00
	11.54

	Y. enterocolitica
	27
	9.66
	6.23
	13.09
	32
	8.88
	5.95
	11.81
	1
	7.28
	0.00
	20.84

	C. perfringens
	29
	4.63
	3.00
	6.27
	30
	2.52
	1.56
	3.49
	2
	4.12
	0.00
	10.28

	S. aureus
	89
	14.44
	11.71
	17.18
	94
	9.06
	7.29
	10.83
	7
	16.18
	4.78
	27.59

	Enterobacteriaceae
	605
	97.82
	96.69
	98.96
	995
	97.01
	95.96
	98.06
	41
	97.38
	92.44
	102.32

	Enterococcus spp.
	336
	55.82
	51.96
	59.69
	534
	54.39
	51.33
	57.46
	22
	55.74
	40.36
	71.12

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	£1.50 - £1.99 (n=2)
	£2.00 and above (n=2)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	0
	0.00
	0.00
	83.69
	0
	0.00
	0.00
	78.43

	Salmonella spp.
	0
	0.00
	0.00
	83.69
	0
	0.00
	0.00
	78.43

	E. coli O157
	0
	0.00
	0.00
	83.69
	0
	0.00
	0.00
	78.43

	E. coli 
	2
	100.00
	100.00
	100.00
	1
	47.40
	0.00
	117.43

	Listeria spp.
	0
	0.00
	0.00
	83.69
	1
	47.40
	0.00
	117.43

	L. monocytogenes
	0
	0.00
	0.00
	83.69
	0
	0.00
	0.00
	117.43

	Y. enterocolitica
	0
	0.00
	0.00
	98.38
	0
	0.00
	0.00
	96.07

	C. perfringens
	0
	0.00
	0.00
	83.69
	0
	0.00
	0.00
	78.43

	S. aureus
	0
	0.00
	0.00
	83.69
	1
	47.40
	0.00
	100.00

	Enterobacteriaceae
	2
	100.00
	100.00
	100.00
	2
	100.00
	100.00
	100.00

	Enterococcus spp.
	0
	0.00
	0.00
	83.69
	1
	52.60
	0.00
	100.00

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 654 pork samples of which 274 were cost £0.00 - £0.49 per 100g, 363 were £0.50 - £0.99, 15 were £1.00- £1.49, 1 was £1.50 - £1.99 and 1 was£2.00 and above



APPENDIX Q: MICROBIOLOGICAL CONTAMINATION OF LAMB ACCORDING TO THE PRICE

Figure 6 shows the microbiological contamination of lamb based on the cost per 100g.

Figure 6: Microbiological contamination (weighted) of lamb based on cost per 100g
[image: ]

Of the lamb samples tested, 117 were priced (per 100g) between £0.00-£0.49, 621 at £0.50-£0.99, 275 at £1.00-£1.49, 39 at £1.50-£1.99 and 2 samples at £2.00 and above.  The results for lamb priced at £1.50 and over were excluded in Figure 6 as the 95% confidence intervals recorded were very large due to the small sub sample size.  Figure 6 shows that the prevalence of E. coli (34.08% to 13.32%), Listeria spp. (11.21% to 2.14%), L. monocytogenes (4.86% to 1.64%) and C. perfringens (14.57% to 1.73%) in lamb decreased as the price per 100g increased.  However, the prevalence of Y. enterocolitica (4.47% to 12.93%) in lamb increased as the price increased.  It was noted that L. monocytogenes and C. perfringens was not detected in lamb priced at £1.50-£1.99 per 100g.  Further information on the microbiological contamination (including the prevalence levels and 95% confidence intervals for Campylobacter, Salmonella, E. coli O157, Enterobacteriaceae and Enterococcus spp.) of lamb based on price per 100g is provided in Table 50 (Table 30 of Appendix H shows the unweighted prevalence results).

Table 50: Microbiological contamination (weighted) of lamb based on the cost per 100g
	
	£0.00 - £0.49 (n=117)
	£0.50 - £0.99 (n=621)
	£1.00 - £1.49 (n=275)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	2
	2.00
	0.00
	4.56
	3
	0.70
	0.05
	1.36
	0
	0.00
	0.00
	1.10

	Salmonella spp.
	0
	0.00
	0.00
	2.57
	0
	0.00
	0.00
	0.48
	0
	0.00
	0.00
	1.10

	E. coli O157
	0
	0.00
	0.00
	2.57
	0
	0.00
	0.00
	0.48
	0
	0.00
	0.00
	1.10

	E. coli 
	35
	34.08
	25.42
	42.74
	141
	23.65
	20.33
	26.98
	51
	19.72
	14.97
	24.46

	Listeria spp.
	12
	11.21
	5.49
	16.92
	55
	9.98
	7.62
	12.34
	10
	3.77
	1.52
	6.02

	L. monocytogenes
	5
	4.48
	0.70
	8.26
	25
	4.86
	3.18
	6.55
	3
	1.64
	0.12
	3.15

	Y. enterocolitica
	4
	4.47
	0.00
	9.22
	39
	10.65
	7.38
	13.93
	22
	12.93
	7.63
	18.23

	C. perfringens
	18
	14.57
	8.12
	21.02
	32
	5.33
	3.57
	7.09
	5
	1.73
	0.18
	3.29

	S. aureus
	7
	8.96
	3.74
	14.18
	34
	6.03
	4.16
	7.89
	7
	2.46
	0.62
	4.31

	Enterobacteriaceae
	110
	93.83
	89.44
	98.23
	557
	92.61
	90.57
	94.66
	259
	94.57
	91.87
	97.27

	Enterococcus spp.
	52
	43.35
	34.30
	52.40
	272
	41.82
	37.96
	45.68
	112
	37.91
	32.12
	43.70

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	£1.50 - £1.99 (n=39)
	£2.00 and above (n=2)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

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

	Campylobacter spp.
	0
	0.00
	0.00
	7.44
	0
	0.00
	0.00
	83.54

	Salmonella spp.
	0
	0.00
	0.00
	7.44
	0
	0.00
	0.00
	83.54

	E. coli O157
	0
	0.00
	0.00
	7.44
	0
	0.00
	0.00
	83.54

	E. coli 
	5
	13.32
	2.62
	24.03
	0
	0.00
	0.00
	83.54

	Listeria spp.
	1
	2.14
	0.00
	6.69
	0
	0.00
	0.00
	83.54

	L. monocytogenes
	0
	0.00
	0.00
	7.44
	0
	0.00
	0.00
	83.54

	Y. enterocolitica
	3
	12.91
	0.00
	26.25
	0
	0.00
	0.00
	83.54

	C. perfringens
	0
	0.00
	0.00
	7.44
	0
	0.00
	0.00
	83.54

	S. aureus
	3
	9.75
	0.41
	19.10
	0
	0.00
	0.00
	83.54

	Enterobacteriaceae
	37
	92.39
	84.04
	100.74
	2
	100.00
	100.00
	100.00

	Enterococcus spp.
	10
	25.53
	11.80
	39.26
	1
	50.00
	0.00
	100.00

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 601 lamb samples of which 74 were cost £0.00 - £0.49 per 100g, 340 were £0.50 - £0.99, 160 were £1.00- £1.49, 25 were £1.50 - £1.99 and 2 were £2.00 and above


APPENDIX R: MICROBIOLOGICAL CONTAMINATION OF ROASTING JOINTS ACCORDING TO THE PRICE

Figure 7 shows the microbiological contamination of roasting joints based on the cost per 100g.

Figure 7: Microbiological contamination (weighted) of roasting joints based on cost per 100g


Of the roasting joints samples tested, 699 were priced (per 100g) between £0.00-£0.49, 1,732 at £0.50-£0.99, 65 at £1.00-£1.49, 9 at £1.50-£1.99 and 5 samples at £2.00 and above.  The results for roasting joints priced at £1.50 and over were excluded in Figure 7 as the 95% confidence intervals recorded were very large due to the small sub sample size.  The prevalence of E. coli (44.74% to 35.12%) in roasting joints generally decreased with increasing price.  Both the prevalence of Listeria spp. (16.35% to 21.14%) and L. monocytogenes (3.49% to 10.57%) in roasting joints generally increased with increasing price.  The prevalence for Y. enterocolitica ranged from 7.90% to 13.25%; 15.24% to 10.06% for C. perfringens and 13.76% to 7.05% for S. aureus.  Further information on the microbiological contamination (including the prevalence levels and 95% confidence intervals for Campylobacter, Salmonella, E. coli O157, Enterobacteriaceae and Enterococcus spp.) of roasting joints based on price per 100g is provided in Table 51 (Table 31 of Appendix H shows the unweighted prevalence results).

Table 51: Microbiological contamination (weighted) of roasting joints based on the cost per 100g
	
	£0.00 - £0.49 (n=699)
	£0.50 - £0.99 (n=1,732)
	£1.00 - £1.49 (n=65)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	4
	0.61
	0.04
	1.19
	5
	0.34
	0.06
	0.62
	0
	0.00
	0.00
	4.41

	Salmonella spp.
	3
	0.42
	0.00
	0.90
	4
	0.21
	0.00
	0.42
	0
	0.00
	0.00
	4.41

	E. coli O157
	0
	0.00
	0.00
	0.42
	1
	0.06
	0.00
	0.17
	0
	0.00
	0.00
	4.41

	E. coli 
	309
	44.74
	41.08
	48.41
	699
	40.62
	38.29
	42.95
	23
	35.12
	23.64
	46.60

	Listeria spp.
	111
	16.35
	13.61
	19.10
	226
	13.62
	12.01
	15.24
	7
	10.38
	2.97
	17.80

	L. monocytogenes
	25
	3.49
	2.14
	4.84
	69
	4.22
	3.26
	5.17
	3
	4.45
	0.00
	9.40

	Y. enterocolitica
	27
	7.90
	5.02
	10.78
	95
	13.25
	10.73
	15.76
	0
	0.00
	0.00
	13.41

	C. perfringens
	78
	10.94
	8.64
	13.23
	262
	15.24
	13.53
	16.95
	7
	10.06
	2.83
	17.30

	S. aureus
	93
	13.76
	11.22
	16.29
	121
	7.05
	5.83
	8.26
	9
	13.00
	4.91
	21.09

	Enterobacteriaceae
	681
	97.56
	96.43
	98.70
	1,666
	96.08
	95.15
	97.00
	61
	93.52
	87.59
	99.44

	Enterococcus spp.
	408
	59.28
	55.66
	62.90
	889
	50.98
	48.61
	53.36
	30
	44.66
	32.70
	56.61

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	£1.50 - £1.99 (n=9)
	£2.00 and above (n=5)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

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

	Campylobacter spp.
	0
	0.00
	0.00
	26.83
	0
	0.00
	0.00
	47.69

	Salmonella spp.
	0
	0.00
	0.00
	26.83
	0
	0.00
	0.00
	47.69

	E. coli O157
	0
	0.00
	0.00
	26.83
	0
	0.00
	0.00
	47.69

	E. coli 
	4
	42.37
	11.09
	73.64
	2
	42.15
	0.00
	87.16

	Listeria spp.
	2
	21.14
	0.00
	47.81
	1
	20.02
	0.00
	55.10

	L. monocytogenes
	1
	10.57
	0.00
	30.03
	0
	0.00
	0.00
	47.69

	Y. enterocolitica
	0
	0.00
	0.00
	77.19
	0
	0.00
	0.00
	68.60

	C. perfringens
	1
	10.57
	0.00
	30.03
	0
	0.00
	0.00
	47.69

	S. aureus
	0
	0.00
	0.00
	26.83
	1
	20.02
	0.00
	56.50

	Enterobacteriaceae
	8
	98.43
	69.97
	108.89
	5
	100.00
	100.00
	100.00

	Enterococcus spp.
	2
	21.14
	0.00
	46.98
	2
	39.89
	0.00
	84.53

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 1,071 roasting joints of which 331 were cost £0.00 - £0.49 per 100g, 714 were £0.50 - £0.99, 21 were £1.00- £1.49, 2 were £1.50 - £1.99 and 3 were £2.00 and above



APPENDIX S: MICROBIOLOGICAL CONTAMINATION OF STEAKS/CHOPS ACCORDING TO THE PRICE

Figure 8 shows the microbiological contamination of steaks/chops based on the cost per 100g.

Figure 8: Microbiological contamination (weighted) of steaks/chops based on cost per 100g


Of the steaks/chops samples tested, 355 were priced (per 100g) between £0.00-£0.49, 1,830 at £0.50-£0.99, 922 at £1.00-£1.49, 271 at £1.50-£1.99 and 105 samples at £2.00 and above.  Figure 8 shows that the prevalence of E. coli (30.56% to 20.05%), Listeria spp. (9.53% to 3.80%), L. monocytogenes (2.98% to 0.95%) and S. aureus (8.23% to 3.79%) in steaks/chops generally decreased with increasing price.  The prevalence of C. perfringens increased from 6.01% to 10.34% whereas Y. enterocolitica ranged between 9.40% and 13.05%.  Further information on the microbiological contamination (including the prevalence levels and 95% confidence intervals for Campylobacter, Salmonella, E. coli O157, Enterobacteriaceae and Enterococcus spp.) of steaks/chops based on price per 100g is provided in Table 52 (Table 32 of Appendix H shows the unweighted prevalence results).

Table 52: Microbiological contamination (weighted) of steaks/chops based on the cost per 100g
	
	£0.00 - £0.49 (n=355)
	£0.50 - £0.99 (n=1,830)
	£1.00 - £1.49 (n=922)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

	
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper
	(n)
	(%)
	Lower
	Upper

	Campylobacter spp.
	2
	0.51
	0.00
	1.25
	7
	0.30
	0.05
	0.55
	0
	0.00
	0.00
	0.33

	Salmonella spp.
	2
	0.56
	0.00
	1.33
	3
	0.16
	0.00
	0.35
	3
	0.33
	0.00
	0.70

	E. coli O157
	0
	0.00
	0.00
	0.83
	0
	0.00
	0.00
	0.16
	0
	0.00
	0.00
	0.33

	E. coli 
	110
	30.56
	25.80
	35.32
	519
	28.13
	26.08
	30.18
	209
	23.13
	20.39
	25.86

	Listeria spp.
	26
	6.99
	4.34
	9.64
	169
	9.53
	8.19
	10.88
	56
	6.16
	4.61
	7.71

	L. monocytogenes
	8
	2.27
	0.73
	3.81
	54
	2.98
	2.21
	3.76
	19
	2.24
	1.28
	3.20

	Y. enterocolitica
	19
	13.05
	7.59
	18.50
	68
	9.40
	7.27
	11.53
	46
	11.73
	8.47
	14.99

	C. perfringens
	22
	6.01
	3.55
	8.46
	129
	6.87
	5.72
	8.02
	74
	8.04
	6.28
	9.80

	S. aureus
	28
	8.23
	5.39
	11.07
	115
	6.36
	5.25
	7.47
	34
	3.68
	2.46
	4.90

	Enterobacteriaceae
	343
	96.50
	94.59
	98.40
	1,746
	95.42
	94.47
	96.37
	881
	95.69
	94.38
	97.01

	Enterococcus spp.
	165
	46.97
	41.81
	52.12
	865
	48.07
	45.79
	50.34
	387
	41.28
	38.09
	44.47

	
	
	
	
	
	
	
	
	
	
	
	
	



	
	£1.50 - £1.99 (n=271)
	£2.00 and above (n=105)

	
	Prevalence
	95% CI* (%)
	Prevalence
	95% CI* (%)

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

	Campylobacter spp.
	1
	0.38
	0.00
	1.11
	0
	0.00
	0.00
	2.82

	Salmonella spp.
	0
	0.00
	0.00
	1.10
	0
	0.00
	0.00
	2.82

	E. coli O157
	0
	0.00
	0.00
	1.10
	0
	0.00
	0.00
	2.82

	E. coli 
	71
	26.27
	21.02
	31.51
	21
	20.05
	12.39
	27.72

	Listeria spp.
	16
	5.87
	3.07
	8.67
	4
	3.80
	0.14
	7.46

	L. monocytogenes
	5
	1.85
	0.24
	3.45
	1
	0.95
	0.00
	2.81

	Y. enterocolitica
	11
	11.75
	5.28
	18.23
	4
	12.53
	1.04
	24.02

	C. perfringens
	28
	10.34
	6.72
	13.97
	4
	3.79
	0.14
	7.45

	S. aureus
	18
	6.98
	3.94
	10.02
	4
	3.79
	0.14
	100.00

	Enterobacteriaceae
	257
	94.45
	91.72
	97.18
	99
	94.31
	89.87
	98.74

	Enterococcus spp.
	85
	31.29
	25.76
	36.81
	43
	40.85
	31.44
	100.00

	
	
	
	
	
	
	
	
	


*, 95% confidence interval
, Weighted prevalence
, Y. enterocolitica confirmed in 1,357 steaks/chops of which 143 were cost £0.00 - £0.49 per 100g, 705 were £0.50 - £0.99, 381 were £1.00- £1.49, 96 were £1.50 - £1.99 and 32 were £2.00 and above



APPENDIX T: 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 on the Agency’s target microorganisms (Campylobacter, Salmonella, E. coli O157, L. monocytogenes and C. perfringens).

Since only 1 meat sample was contaminated with E. coli O157, no analysis could be performed on E. coli with other microorganisms.  There were no red meat samples contaminated with both Campylobacter and Salmonella or Campylobacter and L. monocytogenes and these were not significant relationships.  Significant relationships were observed for samples which were contaminated with Campylobacter and C. perfringens; Salmonella and L. monocytogenes; Salmonella and C. perfringens and C. perfringens and L. monocytogenes (Tables 53 - 56).

Table 53: Campylobacter spp. and C. perfringens detected on meat samples
	
	Campylobacter present
	Campylobacter absent
	Total

	C. perfringens present
	23.8%
	(5)
	10.0%
	(600)
	100.0%
	(605)

	C. perfringens absent
	76.2%
	(16)
	90.0%
	(5,377)
	100.0%
	(5,393)

	
	
	
	
	
	
	

	Total
	100.0%
	(21)
	100.0%
	(5,977)
	100.0%
	(5,998)



The presence of Campylobacter on the red meat samples tested significantly (p=0.045) increased the odds of the red meat sample being contaminated with C. perfringens with an odds ratio of 2.80 (95% CI: 1.02 - 7.67).

Table 54: Salmonella spp. and L. monocytogenes detected on meat samples
	
	Salmonella present
	Salmonella absent
	Total

	L. monocytogenes present
	1.1%
	(2)
	98.9%
	(183)
	100.0%
	(185)

	L. monocytogenes absent
	0.2%
	(13)
	99.8%
	(5,800)
	100.0%
	(5,813)

	
	
	
	
	
	
	

	Total
	0.3%
	(15)
	99.7%
	(5,983)
	100.0%
	(5,998)



The presence of Salmonella on the red meat samples significantly (p=0.038) increased the odds of the red meat being contaminated with L. monocytogenes with an odds ratio of 4.88 (95% CI: 1.09 - 21.76).

Table 55: Salmonella spp. and C. perfringens detected on meat samples
	
	Salmonella present
	Salmonella absent
	Total

	C. perfringens present
	33.3%
	(5)
	10.0%
	(600)
	10.0%
	(605)

	C. perfringens absent
	66.7%
	(10)
	90.0%
	(5,383)
	90.0%
	(5,393)

	
	
	
	
	
	
	

	Total
	100.0%
	(15)
	100.0%
	(5,983)
	100.0%
	(5,998)



The presence of Salmonella on the red meat samples significantly (p=0.006) increases the odds ratio of the red meat samples being contaminated with C. perfringens with an odds ratio of 4.49 (95% CI: 1.53 – 13.16).

Table 56: L. monocytogenes and C. perfringens detected on meat samples
	
	L. monocytogenes present
	L. monocytogenes absent
	Total

	C. perfringens present
	16.8%
	(32)
	9.8%
	(573)
	10.0%
	(605)

	C. perfringens absent
	83.2%
	(153)
	90.2%
	(5,240)
	90.0%
	(5,393)

	
	
	
	
	
	
	

	Total
	100.0%
	(185)
	100.0%
	(5,813)
	100.0%
	(5,998)



The presence of L. monocytogenes on the red meat samples significantly (p=0.001) increased the odds of the red meat samples being contaminated with C. perfringens with an odds ratio of 1.91 (95% CI: 1.29 - 2.83).


APPENDIX U: BREAKPOINT CONCENTRATIONS OF ANTIMICROBIALS

Table 57: Breakpoint concentrations of antimicrobials
	Antimicrobial
	Abbreviation
	Concentration used (mg/l)

	
	
	Salmonella
	Campylobacter

	Ampicillin
	A
	8 & 128
	8 & 32

	Chloramphenicol
	C
	8
	8

	Cefuroxime
	Cf
	16
	-

	Ceftriaxone
	Cn
	1
	-

	Ciprofloxacin
	Cp
	0.125 & 1
	1

	Cephradine
	Cr
	16
	-

	Cefotaxime
	Ct
	16
	-

	Cephalexin
	Cx
	16
	-

	Erythromycin
	E
	-
	4

	Furazolidone
	Fu
	8
	-

	Gentamycin
	G
	4
	4

	Kanamycin
	K
	16
	16

	Nalidixic acid
	Nx
	16
	16

	Neomycin
	Ne
	8
	8

	Streptomycin
	S
	16 & 128
	-

	Spectinomycin
	Sp
	64
	-

	Sulphonamide
	Su
	64
	-

	Tetracycline
	T
	8 & 128
	8 & 128

	Trimethoprim
	Tm
	2
	-




APPENDIX V: LOGISTIC REGRESSION

Data on each microorganism (Campylobacter, Salmonella, E. coli O157, E. coli, Listeria, L. monocytogenes, C. perfringens, Y. enterocolitica, S. aureus, 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 data from other microorganisms.

Logistic regression is a statistical tool used to model the probability of the occurrence of an event (e.g. Listeria spp. in red meat) using variables as predictors.  It uses significance testing to ensure that the predictor variables estimates are statistically significant, only keeping them in the model if they are.

Variables included in the logistic regression model
The following analysis examined whether the microorganism in question was present.  The predictor variables were:

	Classification factors:
	Country of purchase

	
	Meat type

	
	Meat cut

	
	Retailer type

	
	Packaging type

	
	Season

	Quantitative factors:
	Days remaining before the ‘use by date’

	
	Price per 100g (£)



Explanation of logistic regression factors and interactions
Classification variables have a discrete number of outcomes/possibilities (e.g. retailer type was either supermarket or butcher).  Quantitative variables resided in a continuous range (e.g. shelf life remaining ranged from 1 to 23 days).

The output of a logistic regression uses odds ratios.  Odds ratios predict the effects of the associated variable on the presence of the microorganism (see glossary for further explanation).  However, odds ratios read differently for classification and quantitative variables.  For quantitative variables the value of the odds ratio is associated with a change of 1 in the variable.  For example, if day remaining to the meats’ use by day had an odds ratio of 0.95, for every extra day to the meats’ use by date the odds of contamination decreased by 0.95 times (i.e. they reduce by 5%).

Classification variables work differently.  For each category (e.g. country of purchase) a ‘baseline’ is set; in this analysis this is the first option (e.g. England).  Odds ratios are read as a comparison between the associated option and the baseline.  So, if meat purchased from Scotland had an odds ratio of 1.45, the odds of contamination are 1.45 times that of meat purchased from England.

In reality the effects of the variables do not work in isolation, there is often a combined effect.  For example lamb cut into steaks/chops may have a greater likelihood of contamination than lamb roasting joints.  This distinction would not be visible if the variables of meat type and meat cut were tested individually.  Testing for interactions ensures that any relationships such as these will be highlighted.  This involves testing whether a combination of the relevant variables are significant explanatory variables.

No p-values are produced for interactions.  However, examining the 95% confidence intervals allows statistical significance to be determined.  If the 95% confidence interval does not include 1.0, then the interaction is significant at the 95% confidence level compared to the reference category.

Variables excluded from the logistic regression model
The production type and country of origin variables were not included in the logistic regression analyses.

Production type:
The majority of samples (96.00%; 5,758/5,998) were recorded as ‘not specified’ for the production type and only 3.82% (229/5,998) were organic and 0.08% (5/5,998) were free-range.  Although one could assume that meat labelled as ‘not specified’ for production type were farmed using standard production methods, it was decided that too little was known about this ‘not specified’ group to make this assumption (along with the very small sub groups for free-range and organic).  Therefore the production type variable was not included in the logistic regression analysis.
Country of origin:
The red meat samples in this survey were processed in a large range of different countries of origin (16 countries; Argentina, Australia, Austria, Belgium, Brazil, Denmark, European Union, France, Germany, Netherlands, New Zealand, Non EC Countries, Poland, Republic of Ireland, United Kingdom and Uruguay).  The country of origin data obtained was not representative of the country’s red meat export to the UK and therefore the country of origin variable was not included in the logistic regression.

Presentation of the logistic regression results
Where interactions were found to be significant, explanatory variables for the presence of a particular microorganism the results are presented in tables, such as this interaction between retailer type and meat type below.

Table 58: Example of an interaction table
	
	Retailer type A
	Retailer type B

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Meat type A
	1
	-
	1.89†
	(1.35, 2.64)

	Meat type B
	3.91†
	(2.87, 5.31)
	3.66†
	(1.90, 7.03)

	Meat type C
	0.85
	(0.42, 1.72)
	3.07†
	(1.12, 8.42)

	
	
	
	
	


*, 95% confidence intervals of odds ratio
†, Significant at the 95% confidence level

Table 58 combines the main effects of each variable with the interaction between the variables.  The first cell of Table 58 (in this case meat type A from retailer A) is the reference category (a combination of the reference categories of retailer type and meat type).  All the odds ratios presented in the table are ratios of the associated effects compared with this reference category.  For example, meat type C from retailer A had an odds ratio of 0.85 compared with meat type A from the same source.  The odds ratios are all on the same scale so they can be compared within each table.  For example, if meat type B purchased from retailer A and B odds ratios are 3.91 and 3.66 (compared with meat type A from retailer A) respectively, it means that meat type B from retailer A (OR: 3.91) has a greater risk than meat type B from retailer B (OR: 3.66) and meat type B in general has a greater risk than meat type A taken from retailer A (OR: 1).

These tables were only used if combination of the single effects and an interaction were significant explanatory variables for the microorganism in question.
APPENDIX W: LOGISTIC REGRESSION OF THE PRESENCE OF LISTERIA SPP. ON RED MEAT

A total of 619 samples was positive for the presence of Listeria spp. giving a prevalence of 10.62% (95% CI: 9.84% - 11.40%).  Through logistic regression, 5 explanatory variables were identified as having a significant effect on the presence of Listeria spp.  These were meat type, price per 100g, season, packaging type and meat cut.  Two interactions (country of purchase-packaging type and meat-packaging type) were also found to have a significant effect on the presence of Listeria spp. on the red meat samples tested.

Table 59: Factors influencing the presence of Listeria spp. on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Meat cut
	
	
	

	Roasting joints without bone
	1
	-
	-

	Roasting joints with bone
	0.86
	ns
	(0.57, 1.31)

	Steaks/chops without bone
	0.59
	<0.001
	(0.48, 0.74)

	Steaks/chops with bone
	0.70
	0.033
	(0.51, 0.97)

	
	
	
	

	Season
	
	
	

	Spring
	1
	-
	-

	Summer
	0.75
	0.014
	(0.59, 0.94)

	Autumn
	1.01
	ns
	(0.78, 1.27)

	Winter
	0.78
	0.049
	(0.60, 1.00)

	
	
	
	

	Price per 100g
	0.60
	0.001
	(0.44, 0.82)

	
	
	
	


*, 95% confidence interval of odds ratio
, Season when sample was purchased

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 (Table 59).

Red meat samples cut as boneless steaks/chops and steaks/chops containing bone had significantly reduced likelihoods of Listeria spp. contamination in comparison to roasting joints samples, with odds ratios of 0.59 (95% CI: 0.48 - 0.74) and 0.70 (95% CI: 0.51 - 0.97) respectively (Table 59).  Roasting joints containing bone were also associated with a reduced likelihood of Listeria spp. contamination when compared to boneless roasting joints, although this relationship was not significant.

Red meat samples purchased in the summer and winter months had significantly reduced likelihoods of the presence of Listeria spp. compared with samples purchased in the spring months, with odds ratios of 0.75 (95% CI: 0.59 - 0.94) and 0.78 (95% CI: 0.60 - 1.00) respectively.  No significant difference was observed between the spring and autumn months.

For red meat samples, an increase in the price per 100g was associated with a reduction in likelihood of the presence of Listeria spp (Table 59).  The odds ratio was 0.60 (95% CI: 0.44 - 0.82).

Price per 100g is a measure of weight and cost.  Therefore it is likely that the inclusion of this as a significant explanatory variable reflected other effects that are related to cost and weight.  Cost was mostly affected by retailer and production type whilst weight was affected by cutting type.

An odds ratio of 0.60 for each £1.00 per 100g equates as a reduction in odds of Listeria spp. contamination of 0.60 per £1.00 extra spent on the red meat sample per 100g.  To put this in context, for all red meat types, 95% of the price per 100g ranges from £0.29 to £1.92 (a difference of £1.63).  Using this difference of £1.63 per 100g (rather than £1.00 per 100g) the odds ratio for Listeria spp. contamination is 0.35 (i.e. the maximum reduction in odds due to price per 100g is 0.35).  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.

Table 60: Impact of country of purchase and packaging type interactions on the presence of Listeria spp. on red meat
	
	England
	Scotland
	Wales
	Northern Ireland

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1
	-
	1
	-
	1
	-

	Vacuum packed
	2.49†
	(1.66, 3.73)
	2.88†
	(1.38, 6.03)
	4.38†
	(1.46,13.18)
	0.66
	(0.08, 5.15)

	Loose
	2.16†
	(1.62, 2.88)
	0.60
	(0.29, 1.26)
	1.11
	(0.43, 2.85)
	1.32
	(0.87, 2.00)

	Clingfilm with tray
	1.85†
	(1.30, 2.64)
	0.65
	(0.26, 1.66)
	1.19
	(0.41, 3.44)
	1.35
	(0.62, 2.94)

	
	
	
	
	
	
	
	
	


*, 95% confidence intervals of odd ratio
†, Significant at the 95% confidence level

Table 60 showed that packaging type (p<0.001) and an interaction between packaging type and country of purchase (p=0.003) were observed as significant explanatory variables.  Country of purchase was not found to be significant.  Therefore all the odds ratios in the first row of Table 60 were equal to 1.00 (there was no difference between them).

Vacuum packed red meats bought in England, Scotland and Wales were associated with an increased likelihood of Listeria spp. contamination in comparison to the reference category.  These were significant with odds ratios of 2.49 (95% CI: 1.66 - 3.73) for England, 2.88 (95% CI: 1.38 - 6.03) for Scotland and 4.38 (95% CI: 1.46 - 13.18) for Wales.  Vacuum packed red meat purchased in Northern Ireland had a reduced likelihood compared with the reference but this was not a significant finding.

Loosely packed meat samples purchased from England, Wales and Northern Ireland all had increased likelihoods of Listeria spp. contamination compared with the reference category.  This finding was only significant for loose meats brought from England, with an odds ratio of 2.16 (95% CI: 1.62 - 2.88).  Loose meat samples purchased in Scotland had a reduced likelihood of the presence of Listeria spp. but this finding was not significant.

Clingfilm (with tray) wrapped red meat samples purchased from England, Wales and Northern Ireland all had increased likelihoods for the presence of Listeria spp. compared with the reference category.  This finding was only significant with clingfilm wrapped meats from England, with an odds ratio of 1.85 (95% CI: 1.30 - 2.64).  Meat packed in clingfilm with a tray and purchased in Scotland had a reduced likelihood of Listeria spp. contamination but this finding was not significant.

Table 61: Impact of meat type and packaging type interactions on the presence of Listeria spp. on red meat
	
	Beef
	Pork
	Lamb

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1.29
	(0.97, 1.72)
	0.70
	(0.46, 1.07)

	Vacuum packed
	2.49†
	(1.66, 3.73)
	1.47
	(0.78, 2.79)
	3.54†
	(1.65, 7.57)

	Loose
	2.16†
	(1.62, 2.88)
	0.83
	(0.55, 1.25)
	1.89†
	(1.09, 3.28)

	Clingfilm with tray
	1.85†
	(1.30, 2.64)
	0.92
	(0.55, 1.53)
	0.75
	(0.31, 1.86)

	
	
	
	
	
	
	


*, 95% confidence intervals of odd ratio
†, Significant at the 95% confidence level

Meat type (p=0.015), packaging type (p<0.001) and an interaction between these two variables (p=0.003) were found to have a significant effect on the presence of Listeria spp. on red meat (Table 61).

Pork samples packed in a protective atmosphere were associated with an increased likelihood of Listeria spp. contamination, whilst lamb packed in a protective atmosphere had a reduced likelihood of the presence of Listeria spp. compared to beef packed in a protective atmosphere.  These finding were not significant.

Vacuum packed beef, pork and lamb samples all had increased likelihood of Listeria spp. contamination in comparison to protective atmosphere packed beef.  This finding was significant for vacuum packed beef and lamb samples with odds ratios of 2.49 (95% CI: 1.66 - 3.73) and 3.54 (95% CI: 1.65 - 7.57) respectively.

Loosely packed beef and lamb samples were associated with significantly increased likelihoods of Listeria spp. contamination compared with beef packed in a protective atmosphere with odds ratios of 2.16 (95% CI: 1.62 - 2.88) and 1.89 (95% CI: 1.09 - 3.28) respectively.  Loosely packed pork had a reduced likelihood of Listeria spp. contamination but this result was not significant.

Beef samples packed in clingfilm with tray had significantly increased likelihood of Listeria spp. contamination compared with the beef packed in a protective atmosphere with an odds ratio of 1.85 (95% CI: 1.30 - 2.64).  Pork and lamb packed in clingfilm with trays were associated with reduced likelihoods of the presence of Listeria spp. but these finding were not significant.

APPENDIX X: LOGISTIC REGRESSION OF THE PRESENCE OF L. MONOCYTOGENES ON RED MEAT

The presence of L. monocytogenes was detected in a total of 185 meat samples giving a prevalence of 3.17% (95% CI: 2.73% - 3.62%).  Through logistic regression, 3 explanatory variables were identified as having a significant effect on the presence of L. monocytogenes on red meat (Table 62).  These were country of purchase (p=0.034), packaging type (p=0.042) and price per 100g (p=0.036).  No interactions between these variables were found to be significant.

Table 62: Factors influencing the presence of L. monocytogenes on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Country#
	
	
	

	England
	1
	-
	-

	Scotland
	0.49
	0.015
	(0.27, 0.89)

	Wales
	1.32
	ns
	(0.72, 2.43)

	Northern Ireland
	0.68
	ns
	(0.41, 1.11)

	
	
	
	

	Packaging type
	
	
	

	Packed in a protective atmosphere
	1
	-
	-

	Vacuum packed
	2.18
	0.015
	(1.14, 4.15)

	Loose
	1.38
	ns
	(0.65, 2.90)

	Clingfilm with tray
	1.54
	ns
	(0.94, 2.52)

	
	
	
	

	Price per 100g
	0.63
	0.036
	(0.41, 0.97)

	
	
	
	


*, 95% confidence interval of odds ratio
#, Country sample was purchased from

Red meat purchased from Scotland and Northern Ireland had a reduced likelihood of L. monocytogenes contamination when compared with samples purchased from England.  This finding was significant in the case of Scotland with an odds ratio of 0.49 (95% CI: 0.27 - 0.89).  Meat samples purchased from Wales had increased likelihoods of L. monocytogenes contamination; however this was not a significant result. 

All the packaging types were associated with an increased likelihood of the presence of L. monocytogenes compared with meat packed in a protective atmosphere.  This finding was only significant for vacuum packed meat with an odds ratio of 2.18 (95% CI: 1.14 - 4.15).

Increase in the price per 100g for red meat was associated with a reduction in likelihood of L. monocytogenes contamination.  The odds ratio is 0.63 (95% CI: 0.41 - 0.97).

An odds ratio of 0.63 for £1.00 per 100g equates as a reduction in odds of L. monocytogenes contamination of 0.63 per £1.00 extra spent on the red meat per 100g.  To put this in context, for all red meat types, 95% of the price per 100g ranges from £0.29 to £1.92 (a difference of £1.63).  Using this difference of £1.63 per 100g (rather than £1.00 per 100g) the odds ratio for L. monocytogenes contamination is 0.40 (i.e. the maximum reduction in odds due to price per 100g is 0.40).  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.


APPENDIX Y: LOGISTIC REGRESSION OF 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%).  Through logistic regression, seven factors were identified as having a significant effect upon the presence of C. perfringens contamination.  These were country of purchase, meat type, meat cut, retailer type, packing type, season and day remaining to use by date.  Two significant interactions (country of purchase-packaging type, meat type-retailer) were also determined.

Table 63: Factors influencing the presence of C. perfringens on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Meat cut
	
	
	

	Roasting joints without bone
	1
	-
	-

	Roasting joints with bone
	1.18
	ns
	(0.63, 1.66)

	Steaks/chops without bone
	0.54
	<0.001
	(0.44, 0.65)

	Steaks/chops with bone
	0.40
	<0.001
	(0.21, 0.60)

	
	
	
	

	Retailer type
	
	
	

	Supermarket
	1
	-
	-

	Butcher
	0.26
	<0.001
	(0.16, 0.43)

	
	
	
	

	Season
	
	
	

	Spring
	1
	-
	-

	Summer
	1.05
	ns
	(0.73, 2.18)

	Autumn
	1.79
	<0.001
	(2.08, 6.55)

	Winter
	1.12
	ns
	(0.85, 1.47)

	
	
	
	

	Days remaining
	
	
	

	Per day
	1.18
	<0.001
	(1.09, 1.27)

	
	
	
	


*, 95% confidence interval of odds ratio
, Season when sample was purchased

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 (Table 63).

Boneless steaks/chops and steaks/chops with bone were associated with a significantly reduced likelihood of C. perfringens contamination in comparison to roasting joints, with odds ratios of 0.54 (95% CI: 0.44 - 0.65) and 0.40 (95% CI: 0.21 - 0.60) respectively.  Roasting joints with bone had an increased likelihood; however this was not significant.

Red meat samples from butchers had significantly reduced likelihood of C. perfringens contamination compared to samples from supermarkets, with an odds ratio of 0.26 (95% CI: 0.16 - 0.43).

Meat sampled in this survey bought in the summer, autumn and winter months had an increased likelihood of C. perfringens contamination compared with samples purchased in spring.  Only samples bought in the autumn were significantly different to those purchased in the spring months with an odds ratio of 1.79 (95% CI: 2.08 - 6.55).  This observation could not be associated with seasonality, as the samples were collected over a 15 month period.  However, the finding may indicate a seasonal effect.

For each day remaining prior to the use by date, the likelihood of contamination of C. perfringens increased by 1.18 (95% CI: 1.09 - 1.27).  To investigate this further, the dataset was split into samples with greater than 7 days remaining before the use by date and samples with 7 days and less, and analysed further using chi-squared test.  Sixty nine samples were missing ‘use by date’ information therefore the sample size in this analysis was 5,929.

Table 64: Presence of C. perfringens on red meat according to the number of days remaining to the meats’ use by date
	Days remaining to use by date
	Number of samples
	Mean number of days remaining to use by date

	Less than 7 days
	
	

	C. perfringens absent
	5,189
	4.06

	C. perfringens present
	566
	4.07

	
	
	

	7 days and more
	
	

	C. perfringens absent
	136
	10.72

	C. perfringens present
	38
	11.89

	
	
	



Univariate logistic regression was used on each split of the dataset (Table 64).  Red meat with 7 or more days remaining to the use by date had significantly increased likelihood of C. perfringens contamination for each extra day remaining on the shelf life (p=0.0041; OR: 1.12).  No relationship was observed for meat samples with fewer than 7 days remaining on their shelf life.  Therefore the relationship observed between days remaining to shelf life and C. perfringens identified in the main logistic regression only existed in red meat with more than 7 days left on its shelf life.

Table 65: Impact of meat cut and retailer type interactions on the presence of C. perfringens on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Beef
	1
	-
	0.26†
	(0.16, 0.43)

	Pork
	0.11†
	(0.08, 0.17)
	0.23†
	(0.10, 0.53)

	Lamb
	0.21†
	(0.13, 0.32)
	0.16†
	(0.06, 0.41)

	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Meat type (p<0.001) and retailer type (p<0.001) and an interaction between the two variables (p<0.001) were shown to have a significant effect on the presence of C. perfringens on red meat (Table 65).

All the meat categories surveyed were shown to have significantly reduced likelihoods of C. perfringens when compared to the reference category.  Beef sampled from butchers had an odds ratio of 0.26 (95% CI: 0.16 - 0.43), pork from supermarkets was 0.11 (95% CI: 0.08 - 0.17).  Pork sampled from butchers was 0.23 (95% CI: 0.10 - 0.53).  Lamb sampled from supermarkets was 0.21 (95% CI: 0.13 - 0.32) and lamb sampled from butchers was 0.16 (95% CI: 0.06 - 0.41).

Table 66: Impact of country of purchase and packaging type interactions on the presence of C. perfringens on red meat
	
	England
	Scotland
	Wales
	Northern Ireland

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1.15
	(0.79, 1.67)
	2.56†
	(1.61, 4.06)
	1.01
	(0.63, 1.63)

	Vacuum packed
	2.16†
	(1.41, 3.30)
	1.16
	(0.35, 3.80)
	0.43
	(0.05, 3.86)
	0.60
	(0.06, 5.54)

	Loose
	1.99†
	(1.14, 3.47)
	1.20
	(0.42, 3.44)
	2.66
	(0.89, 7.98)
	1.44
	(0.54, 3.81)

	Clingfilm with tray
	2.18†
	(1.63, 2.92)
	0.73
	(0.27, 1.99)
	1.36
	(0.41, 4.47)
	0.40
	(0.10, 1.58)

	
	
	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Country of purchase (p=0.001), packaging type (p<0.001) and an interaction between these two variables (p=0.016) had a significant effect on the presence of C. perfringens on red meat (Table 66).

Meat packed in a protective atmosphere brought in Scotland, Wales and Northern Ireland was associated with an increased likelihood of C. perfringens contamination.  Only samples purchased from Wales were found to be significantly different from the reference category with an odds ratio of 2.56 (95% CI: 1.61 - 4.06).

Vacuum packed red meat bought in England or Scotland was associated with an increased likelihood of C. perfringens when compared to the reference category. This relationship was significant for England with an odds ratio of 2.16 (95% CI: 1.41 - 3.30).  Vacuum packed red meat samples bought in Wales and Northern Ireland both demonstrated a reduced likelihood of C. perfringens contamination. However neither of these associations was significant.

Loose meat sampled from any of the UK countries was associated with an increased likelihood of C. perfringens contamination compared with the reference category.  This increase was only significant for England with an odds ratio of 1.99 (95% CI: 1.14 - 3.47).

Meat wrapped in clingfilm with a tray sampled in England and Wales had an increased likelihood of C. perfringens contamination compared with the reference category.  This association was only significant for England with an odds ratio of 2.18 (95% CI: 1.63 - 2.92).  In contrast, meat packed in clingfilm with a tray sampled in Scotland and Northern Ireland had a reduced likelihood of C. perfringens contamination, but neither of these reduced likelihoods were significant.

APPENDIX Z: LOGISTIC REGRESSION OF THE PRESENCE OF E. COLI (NON-O157) ON RED MEAT

A total of 1,976 of the 5,998 red meat samples were positive for E. coli (non-O157), giving a prevalence of 32.94% (95% CI: 31.75% - 34.13%).  Logistic regression identified 5 significant explanatory variables that affected the presence of E. coli on the red meat sampled.  These were country of purchase, meat type, meat cut, packaging type and season.  Seven interactions (country of purchase-retailer, country of purchase-packaging type, meat type-meat cut, meat type-season, meat cut-retailer and packaging type-season) were identified as having a significant effect on the presence of E. coli in meat.

Table 67: Impact of country of purchase and retailer type interactions on the presence of E. coli on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	England
	1
	-
	1
	-

	Scotland
	1.09
	(0.86, 1.39)
	1.26
	(0.44, 3.55)

	Wales
	0.66
	(0.44, 1.00)
	2.07
	(0.48, 8.99)

	Northern Ireland
	0.53†
	(0.37, 0.76)
	0.15†
	(0.05, 0.49)

	
	
	
	
	


*, 95% confidence intervals of odds ratio
†, Significant at the 95% confidence level

The 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 contamination (Table 67).  The retailer type variable was not found to be significant, as the overall difference between supermarkets and butchers was negligible.  But these are the reference categories so the odds ratio was 1.00 with no confidence intervals.

Table 67 demonstrates that red meat brought in Scotland from both supermarkets and butchers was more likely to be contaminated with E. coli versus the reference category.  However, neither of these increases were significant.

Red meat brought in Wales from supermarkets had a decreased likelihood of E. coli contamination, which was approaching significance with an odds ratio of 0.66 (95% CI: 0.44 - 1.00).  In contrast, meat purchased from butchers in Wales had an increased likelihood of E. coli contamination but this was not significant.

Meat purchased in Northern Ireland from both supermarkets and butchers had a significantly reduced likelihood of E. coli contamination compared with the reference category.  The odds ratio for supermarkets was 0.53 (95% CI: 0.37 - 0.76) and for butchers was 0.15 (95% CI: 0.05 - 0.49).

Table 68: Impact of country of purchase and packaging type interactions on the presence of E. coli on red meat
	
	England
	Scotland
	Wales
	Northern Ireland

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1.09
	(0.86, 1.39)
	0.66
	(0.44, 1.00)
	0.53†
	(0.37, 0.76)

	Vacuum packed
	2.21†
	(1.39, 3.50)
	2.50
	(0.91, 6.91)
	0.93
	(0.21, 4.08)
	0.56
	(0.10, 3.22)

	Loose
	0.99
	(0.71, 1.36)
	0.78
	(0.25, 2.47)
	0.40
	(0.07, 1.94)
	2.56
	(0.75, 8.72)

	Clingfilm with tray
	1.25
	(0.85, 1.84)
	0.69
	(0.34, 1.41)
	1.42
	(0.55, 3.71)
	0.58
	(0.24, 1.38)

	
	
	
	
	
	
	
	
	


*, 95% confidence intervals of odd ratio
†, Significant at the 95% confidence level

Country of purchase (p=0.001), packaging type (p=0.001) and an interaction between the two (p=0.026) were found to be significant explanatory variables for E. coli contamination on red meat (Table 68).

Red meat packed in a protective atmosphere and purchased in Wales and Northern Ireland was associated with reduced likelihoods of E. coli contamination compared with the reference category.  This was significant for Northern Ireland with an odds ratio of 0.53 (95% CI: 0.37 - 0.76) and approaching significance for Wales with an odds ratio of 0.66 (95% CI: 0.44 - 1.00).

Vacuum packed meat purchased in England and Scotland was found to have increased likelihoods of E. coli contamination.  This increase was significant for England with an odds ratio of 2.21 (95% CI: 1.39 - 3.50) but not for Scotland.  Wales and Northern Ireland had reduced odds, but neither of these was significant.

Loosely packed meats brought in Scotland and Wales had reduced likelihoods of E. coli contamination, whilst samples from Northern Ireland had an increased likelihood.  There was a negligible difference between ‘loosely’ packed meats purchased in England and the reference category.  None of these findings were significantly different from the reference category.

Red meat samples packed in clingfilm with a tray and purchased in England and Wales were found to have increased likelihoods of E. coli contamination, whilst those samples purchased in Scotland and Northern Ireland had reduced likelihoods of contamination.  None of these findings were significantly different from the reference category.

Table 69: Impact of meat type and retailer type interactions on the presence of E. coli on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Beef
	1
	-
	1
	-

	Pork
	1.61†
	(1.18, 2.21)
	1.19
	(0.75, 1.88)

	Lamb
	0.37†
	(0.22, 0.63)
	0.45†
	(0.22, 0.92)

	
	
	
	
	


*, 95% confidence intervals of odd ratio
†, Significant at the 95% confidence level

Meat type (p<0.001) and an interaction between retailer type and meat type (p=0.039) were observed as being significant explanatory variables for E. coli contamination of red meat (Table 69).  For both retailer types (supermarkets and butchers) pork had an increased likelihood of E. coli contamination.  However this increase was only significant for pork from supermarkets, with an odds ratio of 1.61 (95% CI: 1.18 - 2.21).

In contrast, lamb had a reduced likelihood of E. coli contamination for both retailer types with odds ratios of 0.37 (95% CI: 0.22 - 0.63) for supermarkets and 0.45 (95% CI: 0.22 - 0.92) for butchers.  These observations were significant.

Table 70: Impact of meat type and meat cut interactions on the presence of E. coli on red meat
	
	Beef
	Pork
	Lamb

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Roasting joints without bone
	1
	-
	1.61†
	(1.18, 2.21)
	0.37†
	(0.22, 0.63)

	Roasting joints with bone
	0.18†
	(0.05, 0.67)
	1.15
	(0.26, 5.01)
	0.38
	(0.08, 1.71)

	Steaks/chops without bone
	0.41†
	(0.43, 0.94)
	0.67
	(0.42, 1.06)
	0.17†
	(0.08, 0.38)

	Steaks/chops with bone
	0.53
	(0.19, 1.44)
	0.36
	(0.10, 1.30)
	0.18†
	(0.04, 0.72)

	
	
	
	
	
	
	


*, 95% confidence intervals of odds ratio
†, Significant at the 95% confidence level

Meat type (p<0.001), meat cut (p<0.001) and an interaction between the two (p=0.029) were observed as having significant effects on E. coli contamination (Table 70).

Pork roasting joints were associated with a significant increased likelihood of the presence of E. coli compared with the reference category, with an odds ratio of 1.61 (95% CI: 1.18 - 2.21).  Whilst lamb roasting joints had a reduced likelihood of E. coli contamination, with an odds ratio of 0.37 (95% CI: 0.22 - 0.63).

Beef and lamb roasting joints with bone had a reduced likelihood of E. coli contamination in comparison to beef roasting joints without bone.  This relationship was only significant for beef, with an odds ratio of 0.18 (95% CI: 0.05 - 0.67).  Pork roasting joints with bone had a slight increase in likelihood but this was not significant.

All meat types cut as steaks/chops had a decreased likelihood of E. coli contamination.  This decrease was significant for beef and lamb with odds ratios of 0.41 (95% CI: 0.43 - 0.94) and 0.17 (95% CI: 0.08 - 0.38) respectively.

Similarly, steaks/chops with bones had a decreased likelihood of E. coli contamination for all meat types.  This result was only significant for lamb with an odds ratio of 0.18 (95% CI: 0.04 - 0.72).

Table 71: Impact of meat type and season interactions on the presence of E. coli on red meat
	
	Beef
	Pork
	Lamb

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Spring
	1
	-
	1.61†
	(1.18, 2.21)
	0.37†
	(0.22, 0.63)

	Summer
	1.45†
	(1.11, 1.88)
	2.53†
	(1.49, 4.29)
	0.29†
	(0.12, 0.68)

	Autumn
	1.22
	(0.93, 1.61)
	1.79†
	(1.03, 3.12)
	0.50
	(0.23, 1.10)

	Winter
	1.49†
	(1.11, 1.99)
	1.38
	(0.77, 2.46)
	0.24†
	(0.10, 0.56)

	
	
	
	
	
	
	


*, 95% confidence intervals of odds ratio
†, Significant at the 95% confidence level

The season at which the sample was taken (p=0.016), the meat type (p<0.001) and an interaction between the two (p=0.002) were found to have a significant effects on the presence of E. coli on meat (Table 71).

Pork sampled in the spring months has a significant increased likelihood of the presence of E. coli compared with the reference category, with an odds ratio of 1.61 (95% CI: 1.18 - 2.21).  In contrast, lamb sampled in the spring months had a significantly reduced likelihood of E. coli contamination with an odds ratio of 0.37 (95% CI: 0.22 - 0.63).

Beef and pork sampled in the summer months had increased likelihoods of E. coli contamination with odds ratios of 1.45 (95% CI: 1.11 - 1.88) and 2.53 (95% CI: 1.49 - 4.29) respectively.  In contrast, lamb sampled in the summer months had significantly reduced chance of E. coli occurrence in the summer months with an odds ratio of 0.29 (95% CI: 0.12 - 0.68).

This relationship continued in the autumn months, with beef and pork having increased likelihoods of E. coli contamination and lamb having a reduced likelihood.  The difference was only significant in pork with an odds ratio of 1.79 (95% CI: 1.03 - 3.12).

Beef and pork samples purchased during the winter months had an increased likelihood of E. coli contamination compared to beef purchased in spring.  The finding was only significant for beef purchased in winter with an odds ratio of 1.49 (95% CI: 1.11 - 1.99).  In contrast, lamb sampled in winter had a significantly decreased likelihood of E. coli contamination compared with beef purchased in spring with an odds ratio of 0.24 (95% CI: 0.10 - 0.56).

Table 72: Impact of meat cut and retailer type interactions on the presence of E. coli on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Roasting joints without bone
	1
	-
	1
	-

	Roasting joints with bone
	0.18†
	(0.05, 0.67)
	0.29
	(0.07, 1.19)

	Steaks/chops without bone
	0.41†
	(0.34, 0.49)
	0.67†
	(0.49, 0.92)

	Steaks/chops with bone
	0.53
	(0.19, 1.44)
	1.28
	(0.42, 3.86)

	
	
	
	
	


*, 95% confidence intervals of odds ratio
†, Significant at the 95% confidence level

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 (Table 72).  Retailer type was not significant.  Both supermarkets and butchers had an odds ratio of 1.00 for roasting joints.

Roasting joints with bone brought from supermarkets and butchers had reduced likelihoods of E. coli contamination compared with the reference category.  This reduction was significant for supermarkets with an odds ratio of 0.18 (95% CI: 0.05 - 0.67), but not significant for butchers.

Steaks/chops from supermarkets and butchers had reduced likelihoods of E. coli contamination, with odds ratios of 0.41 (95% CI: 0.34 - 0.49) and 0.67 (95% CI: 0.49 - 0.92) respectively.

Steaks/chops with bone from supermarkets had a decreased likelihood of E. coli contamination, whilst butchers had an increased likelihood.  Neither of these relationships was significant.

Table 73: Impact of packaging type and season interactions on the presence of E. coli on red meat
	
	Spring
	Summer
	Autumn
	Winter

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1.45†
	(1.11, 1.88)
	1.22
	(0.93, 1.61)
	1.49†
	(1.11, 1.99)

	Vacuum packed
	2.21†
	(1.39, 3.50)
	2.23†
	(1.03, 4.84)
	3.13†
	(1.32, 7.42)
	2.41†
	(1.06, 5.47)

	Loose
	0.99
	(0.71, 1.36)
	1.76†
	(1.03, 3.03)
	1.80†
	(1.01, 3.18)
	0.73
	(0.39, 1.35)

	Clingfilm with tray
	1.25
	(0.85, 1.84)
	2.34†
	(1.20, 4.57)
	1.45
	(0.73, 2.88)
	1.95
	(0.97, 3.93)

	
	
	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Packaging type (p=0.001), season of purchase (p=0.016) and an interaction between the two (p=0.001) were observed as having significant effects on the presence of E. coli on red meat (Table 73).

Red meat packed in a protective atmosphere brought in the summer, autumn or winter months had increased likelihoods of E. coli contamination in comparison to the reference category.  This difference was significant for the summer and winter months with odds ratios of 1.45 (95% CI: 1.11 - 1.88) and 1.49 (95% CI: 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 the reference value.  These samples had odds ratios of 2.21 (95% CI: 1.39 - 3.50) in the spring months, 2.23 (95% CI: 1.03 - 4.84) in the summer months, 3.13 (95% CI: 1.32 - 7.42) in the autumn months and 2.41 (95% CI: 1.06 - 5.47) in the winter months.

Loosely packed meats sampled in the summer and autumn months had a significantly increased likelihood of E. coli contamination compared with meat samples packed in a protective atmosphere brought in spring.  The odds ratio was 1.76 (95% CI: 1.03 - 3.03) and 1.80 (95% CI: 1.01 - 3.18) for loosely packed meats purchased in summer and autumn.  Loose meats purchased during the spring and winter months were associated with a reduced likelihood of E. coli contamination in comparison to the reference category, although these findings were not significant.

All meats packed in clingfilm with a tray had increased likelihoods of E. coli contamination compared with the reference category.  However this difference was only significant in the summer months with an odds ratio of 2.34 (95% CI: 1.20 - 4.57), although the winter months were approaching significance.



APPENDIX AA: LOGISTIC REGRESSION OF 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 effect on S. aureus contamination on meat.

Table 74: Factors influencing the presence of S. aureus on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Season
	
	
	

	Spring
	1
	-
	-

	Summer
	1.05
	ns
	(0.78, 1.41)

	Autumn
	1.82
	<0.001
	(1.37, 2.43)

	Winter
	1.12
	ns
	(0.81, 1.54)

	
	
	
	


*, 95% confidence interval of odds ratio
, Season when sample was purchased

Season the meat was purchased in (p<0.001) was confirmed as a significant variable for S. aureus contamination (Table 74).  Meat brought during the summer, autumn and winter months were associated with an increased likelihood of S. aureus contamination in comparison to meat purchased in spring.  This was only significant for meats brought in autumn with an odds ratio of 1.82 (95% CI: 1.37 - 2.43).

Table 75: Impact of country of purchase and packaging type interactions on the presence of S. aureus on red meat
	
	England
	Scotland
	Wales
	Northern Ireland

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1.52†
	(1.04, 2.24)
	1.18
	(0.62, 2.25)
	0.52
	(0.25, 1.08)

	Vacuum packed
	1
	-
	1.19
	(0.41, 3.49)
	1.18¥
	(0.62, 2.25)
	4.38
	(1.00, 19.26)

	Loose
	1
	-
	0.81
	(0.37, 1.78)
	1.18¥
	(0.62, 2.25)
	0.58
	(0.20, 1.67)

	Clingfilm with tray
	1
	-
	0.29
	(0.06, 1.28)
	2.06
	(0.62, 6.87)
	0.72
	(0.18, 2.77)

	
	
	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level
¥, No positives were recorded in this category.  Logistic regression fails without both positives and negatives in each category.  The odds ratio here does not include any interaction effect.

The country (p=0.038) the meat was purchased in and an interaction between country of purchase and packaging type (p=0.024) were found to be significant explanatory variables for the presence of S. aureus (Table 75).  Packaging type was identified as not having a significant effect on S. aureus contamination.

Meat samples packed in a protective atmosphere and brought in Scotland and Wales had increased likelihoods of S. aureus contamination in comparison to the reference category.  Protective atmosphere packed meats brought from Northern Ireland were associated with a reduced likelihood for S. aureus contamination compared to the reference category.  Only meats packed in a protective atmosphere purchased in Scotland were significant was an odds ratio of 1.52 (95% CI: 1.04 - 2.22).

Vacuum packed meats purchased from Scotland, Wales and Northern Ireland was associated with an increased likelihood of S. aureus contamination compared to the reference category.  However these findings were not significantly different, although red meat from Northern Ireland is approaching significance with an odds ratio of 4.38 (95% CI: 1.00 - 19.26).

Red meat packed in clingfilm with tray brought in Wales has increased likelihood of the presence of S. aureus on meat compared to the reference category, whereas meats clingfilm wrapped meats purchased in Scotland and Northern Ireland had reduced likelihoods of S. aureus contamination.  These finding were not significantly different.

Table 76: Impact of meat type and retailer type interactions on the presence of S. aureus on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Beef
	1
	-
	1.89†
	(1.35, 2.64)

	Pork
	3.91†
	(2.87, 5.31)
	3.66†
	(1.90, 7.03)

	Lamb
	0.85
	(0.42, 1.72)
	3.07†
	(1.12, 8.42)

	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Meat type (p<0.001), retailer type (p<0.001) and an interaction between meat type and retailer type (p<0.001) were observed as significant explanatory variables for S. aureus contamination (Table 76).

Beef sourced from butchers had a significantly increased likelihood of the presence of S. aureus in meat in comparison beef samples purchased from supermarkets, with an odds ratio of 1.89 (95% CI: 1.35 - 2.64).

Pork meat from supermarkets and butchers were associated with significantly increased likelihoods of S. aureus contamination in comparison to beef samples from supermarkets, with odds ratios of 3.91 (95% CI: 2.87 - 5.31) and 3.66 (95% CI: 1.90 - 7.03) respectively.

Lamb purchased from butchers had significantly increased likelihood of S. aureus contamination in comparison to beef from supermarkets with an odds ratio of 3.07 (95% CI: 1.12 - 8.42).  In contrast lamb brought from supermarkets had a reduced likelihood of S. aureus contamination however this finding was not significant.

Table 77: Impact of meat type and meat cut interactions on the presence of S. aureus on red meat
	
	Beef
	Pork
	Lamb

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Roasting joints without bone
	1
	-
	3.91†
	(2.87, 5.31)
	0.85
	(0.42, 1.72)

	Roasting joints with bone
	1
	-
	3.38†
	(1.51, 7.54)
	0.46
	(0.16, 1.32)

	Steaks/chops without bone
	1
	-
	2.12†
	(1.32, 3.41)
	0.46
	(0.14, 1.45)

	Steaks/chops with bone
	1
	-
	1.28
	(0.73, 2.26)
	0.72
	(0.26, 2.01)

	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Meat type (p<0.001) and an interaction between meat type and meat cut (p<0.001) were found to be significant explanatory variables for S. aureus contamination (Table 77).  The variable meat cut was not found to be significant.

All cuts of pork were associated with an increased likelihood of S. aureus contamination in comparison to the reference category.  This finding was significant for roasting joints without bone, roasting joints with bone and steaks/chops with odds ratios of 3.91 (95% CI: 2.87 - 5.31), 3.38 (95% CI: 1.51 - 7.54) and 2.12 (95% CI: 1.32 - 3.41) respectively.

All lamb cuts had a reduced likelihood of the presence of S. aureus in comparison to the reference category but this finding was not significant.


APPENDIX AB: LOGISTIC REGRESSION FOR THE PRESENCE OF Y. ENTEROCOLITICA ON RED MEAT

A total of 2,429 meat samples were analysed and confirmed for Y. enterocolitica contamination.  Of these 270 were contaminated with Y. enterocolitica, giving a weighted prevalence of 10.91% (95% CI: 9.67% - 12.15%).  The impact of this reduction was that samples from the first 7 months of the study were tested therefore the season variable has been excluded from the analysis.  Logistic regression showed that 1 factor (retailer type) and 1 interaction (country of purchase-retailer type) were identified as having a significant effect on the presence of Y. enterocolitica in meat.

Table 78: Impact of country of purchase and retailer type interactions on the presence of Y. enterocolitica on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	England
	1
	-
	0.53† 
	(0.34, 0.82)

	Scotland
	1
	-
	0.53† ¥
	(0.34, 0.82)

	Wales
	1
	-
	2.47
	(0.88, 6.96)

	Northern Ireland
	1
	-
	0.88
	(0.37, 2.12)

	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level
¥, No positives were recorded in this category.  Logistic regression fails without both positives and negatives in each category.  The odds ratio here does not include any interaction effects.

Retailer type (p=0.004) and an interaction between retailer type and country of purchase (p=0.016) were found to be significant explanatory variables in Y. enterocolitica contamination (Table 78).  Country of purchase was not a significant variable, so all the supermarkets for each country have an odds ratio of 1.00 (there is no difference between them).

Red meat samples purchased from butchers in England, Scotland and Northern Ireland were associated with reduced likelihoods of Y. enterocolitica contamination when compared with the reference category.  These differences was shown to be significant for England and Scotland where the odds ratio for both is 0.53 (95% CI: 0.34 - 0.82).  Meat brought from butchers in Wales had increased likelihood of the presence of Y. enterocolitica, but this result was not significant.

APPENDIX AC: LOGISTIC REGRESSION OF 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 explanatory variables (country of purchase, meat type and season) as having a significant effect upon Enterobacteriaceae contamination on retail meat.  Two significant interactions (meat cut-packaging type and packaging type-season) were also identified.

Table 79: Factors influencing the presence of Enterobacteriaceae on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Meat type
	
	
	

	Beef
	1
	-
	-

	Pork
	1.71
	0.006
	(1.17, 2.51)

	Lamb
	0.77
	ns
	(0.51, 1.17)

	
	
	
	

	Meat cut
	
	
	

	Roasting joints without bone
	1
	-
	-

	Roasting joints with bone
	0.56
	ns
	(0.32, 1.00)

	Steaks/chops without bone
	0.61
	0.004
	(0.44, 0.85)

	Steaks/chops with bone
	0.49
	0.004
	(0.30, 0.80)

	
	
	
	


*, 95% confidence interval of odds ratio

Meat type (p<0.001) and meat cut (p=0.008) were found to be significant explanatory variables for Enterobacteriaceae contamination of red meat (Table 79).

Pork was associated with a significantly increased likelihood of Enterobacteriaceae contamination in comparison to beef with an odds ratio of 1.71 (95% CI: 1.17 - 2.51).  Lamb samples had a reduced likelihood of the presence of Enterobacteriaceae in comparison to beef samples but this finding was not significant.

Roasting joints containing bone and steaks/chops (both with and without bone) had reduced likelihoods of Enterobacteriaceae contamination compared with boneless roasting joints.  This reduction was only significant for steaks/chops and steaks/chops containing bone with odds ratios of 0.61 (95% CI: 0.44 - 0.85) and 0.49 (95% CI: 0.30 - 0.80) respectively.

Table 80: Impact of interactions on the presence of Enterobacteriaceae on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Country# and packaging type
	
	
	

	England packed in a protective atmosphere
	1
	-
	-

	Scotland vacuum packed
	0.78
	ns
	(0.17, 3.51)

	Scotland loose
	0.75
	ns
	(0.37, 1.55)

	Scotland clingfilm with tray
	0.34
	0.012
	(0.15, 0.79)

	Wales vacuum packed
	-
	ns
	-

	Wales loose
	2.75
	ns
	(0.37, 20.53)

	Wales clingfilm with tray
	-
	ns
	-

	Northern Ireland vacuum packed
	0.15
	0.009
	(0.04, 0.62)

	Northern Ireland loose
	0.64
	ns
	(0.40, 1.04)

	Northern Ireland clingfilm with tray
	0.20
	<0.001
	(0.10, 0.40)

	
	
	
	

	Packaging type and season
	
	
	

	Packed in a protective atmosphere in spring
	1
	-
	-

	Vacuum packed in summer
	2.44
	ns
	(0.58, 10.37)

	Vacuum packed in autumn
	2.45
	ns
	(0.33, 18.25)

	Vacuum packed in winter
	0.42
	0.038
	(0.19, 0.95)

	Loose in summer
	1.72
	ns
	(0.34, 3.14)

	Loose in autumn
	2.66
	0.037
	(1.06, 6.67)

	Loose in winter
	0.33
	<0.001
	(0.21, 0.52)

	Clingfilm with tray in summer
	1.75
	ns
	(0.67, 4.56)

	Clingfilm with tray in autumn
	1.78
	ns
	(0.68, 4.62)

	Clingfilm with tray in winter
	1.32
	ns
	(0.60, 2.88)

	
	
	
	


*, 95% confidence interval of odds ratio
#, Country sample was purchased from
, Season when sample was purchased

Country-packaging type (p<0.001) and packaging type-season (p<0.001) were significant interactions for Enterobacteriaceae contamination of red meat (Table 80).

Loose, vacuum packed and clingfilm wrapped meats brought in Scotland were associated with a reduced likelihood of Enterobacteriaceae contamination in comparison to the reference category.  This finding was only significant (p=0.012) for clingfilm wrapped meats purchased in Scotland with an odds ratio of 0.34 (95% CI: 0.15 - 0.79).

All vacuum packed and packed in clingfilm with tray samples purchased from Wales were positive for Enterobacteriaceae.  Logistic regression fails in this situation and therefore no odds ratio is quoted for these variables in Table 80.  Loosely packed red meat purchased from Wales had an increased likelihood of Enterobacteriaceae contamination compared to the reference category but this finding was not significant.

Loose, vacuum packed and clingfilm wrapped meats purchased from Northern Ireland had a reduced likelihood of Enterobacteriaceae contamination compared with the reference category.  This finding was significant for vacuum packed (p=0.009) and clingfilm wrapped meats (p<0.001) with odds ratios of 0.15 (95% CI: 0.04 - 0.62) and 0.20 (95% CI: 0.10 - 0.40).

Vacuum packed meat brought in the summer and autumn months had increased likelihood of the presence of Enterobacteriaceae in comparison to the reference category whereas vacuum packed meat purchased in winter was associated with a reduced likelihood of Enterobacteriaceae contamination.  This finding was significant for vacuum packed meat brought during the winter months with an odds ratio of 0.42 (95% CI: 0.19 - 0.95).

Loosely packed red meat purchased in summer and autumn had an increased likelihood of Enterobacteriaceae contamination compared with the reference category.  In contrast loose meats brought in winter had a reduced likelihood of the presence of Enterobacteriaceae.  This finding was significant for loose meats purchased in autumn and winter with odds ratios of 2.66 (95% CI: 1.06 - 6.67) and 0.33 (95% CI: 0.21 - 0.52) respectively.

Red meat packed in clingfilm with tray purchased during the summer, autumn and winter months were associated with an increased likelihood of Enterobacteriaceae contamination compared to the reference category.  This finding was not significant.

APPENDIX AD: LOGISTIC REGRESSION OF 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 determined.

Table 81: Factors influencing the presence of Enterococcus spp. on red meat
	Sample details
	Odds ratio
	Significance (p-value)
	95% CI*

	Price per 100g
	0.62
	<0.001
	(0.52, 0.74)

	
	
	
	


*, 95% confidence interval of odds ratio

For red meat samples, an increase in the price per 100g was associated with a significant reduction in likelihood of the presence of Enterococcus spp. (p<0.001) (Table 81).  The odds ratio was 0.62 (95% CI: 0.52 - 0.74).

Price per 100g is a measure of weight and cost.  Therefore it is likely that the inclusion of this as a significant explanatory variable is reflecting other effects that are related to cost and weight.  Cost is mostly affected by retailer type and production type whilst weight is affected by cutting type.
 
An odds ratio of 0.62 for £1.00 per 100g equates as a reduction in odds of Enterococcus spp. contamination of 0.62 per £1.00 extra spent on the red meat per 100g.  To put this into context, for all red meat types, 95% of the price per 100g ranges from £0.29 to £1.92 (a difference of £1.63).  Using this difference of £1.63 per 100g (rather than £1.00 per 100g) the odds ratio for Enterococcus spp. contamination is 0.38 (i.e. the maximum reduction in odds due to price per 100g is 0.38).  This finding is not a concern as the red meats sampled, regardless of price, are intended to be cooked which will kill off any Enterococcus spp. present.

Table 82: Impact of meat type and retailer type interactions on the presence of Enterococcus spp. on red meat
	
	Supermarkets
	Butchers

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Beef
	1
	-
	0.32†
	(0.22, 0.46)

	Pork
	1
	-
	0.26†
	(0.17, 0.42)

	Lamb
	1
	-
	0.64
	(0.39, 1.07)

	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Retailer type (p<0.001) and an interaction between retailer type and meat type (p<0.001) were found to be significant explanatory variables for Enterococcus spp. contamination of red meat (Table 82).  The meat type variable was not found to be significant, as the difference between beef, pork and lamb was negligible.  This was indicated by beef, pork and lamb from supermarkets having odds ratios of 1.00.

Beef, pork and lamb purchased from butchers were associated with reduced likelihoods of Enterococcus spp. contamination compared with the reference category.  Only beef and pork from butchers were significantly different from the reference category, with odds ratios of 0.32 (95% CI: 0.22 - 0.46) and 0.26 (95% CI: 0.17 - 0.42) respectively.

Table 83: Impact of meat type and meat cut interactions on the presence of Enterococcus spp. on red meat
	
	Beef
	Pork
	Lamb

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Roasting joints without bone
	1
	-
	1
	-
	1
	-

	Roasting joints with bone
	0.54
	(0.18, 1.61)
	1.19
	(0.30, 4.77)
	0.76
	(0.20, 2.86)

	Steaks/chops without bone
	0.70†
	(0.59, 0.83)
	0.94
	(0.68, 1.29)
	0.65†
	(0.42, 0.99)

	Steaks/chops with bone
	1.35
	(0.47, 3.89)
	0.51
	(0.14, 1.83)
	0.66
	(0.18, 2.39)

	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Meat cut (p<0.001) and an interaction between meat cut and meat type (p<0.001) were found to be significant explanatory variables for Enterococcus spp. contamination of meat (Table 83).  Meat type was not found to be a significant explanatory variable therefore beef, pork and lamb roasting joints (without bone) had an odds ratio of 1.00.

Beef and lamb roasting joints with bone had reduced likelihoods of Enterococcus spp. contamination, whilst pork roasting joints with bone was associated with an increased likelihood of the presence of Enterococcus spp. when compared with the reference category.  These findings were not significant.

Beef, pork and lamb steaks/chops had reduced likelihoods of Enterococcus spp. contamination compared to the reference category.  These reductions in Enterococcus spp. contamination were significant for beef and pork steaks/chops, with odds ratios of 0.70 (95% CI: 0.59 - 0.83) and 0.65 (95% CI: 0.42 - 0.99) respectively.

Pork and lamb steaks/chops with bone had reduced likelihoods of the presence of Enterococcus spp. compared to the reference category, whilst beef steaks/chops containing bone had a slightly increased likelihood of Enterococcus spp. contamination.  These findings were not significant.

Table 84: Impact of meat type and season interactions on the presence of Enterococcus spp. on red meat
	
	Beef
	Pork
	Lamb

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Spring
	1
	-
	1
	-
	1
	-

	Summer
	1.31†
	(1.04, 1.66)
	1.38
	(0.94, 2.02)
	1.06
	(0.67, 1.67)

	Autumn
	1.61†
	(1.25, 2.08)
	2.03†
	(1.34, 3.08)
	0.94
	(0.59, 1.49)

	Winter
	1.77†
	(1.34, 2.33)
	1.75†
	(1.13, 2.71)
	0.77
	(0.46, 1.32)

	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Season (p<0.001) and an interaction between season and meat type (p=0.001) were observed as significant explanatory variables for Enterococcus spp. contamination of red meat (Table 84).  Meat type was not found to be significant explanatory variable therefore beef, pork and lamb samples purchased in spring had an odds ratio of 1.00.

Beef, pork and lamb purchase in the summer months were associated with increased likelihoods of Enterococcus spp. contamination when compared with the reference category, however these findings were not significantly different. 

Beef and pork purchased in the autumn months had significantly increased likelihoods of Enterococcus spp. contamination with odds ratios of 1.61 (95% CI: 1.25 - 2.08) and 2.03 (95% CI: 1.34 - 3.08) respectively.  Lamb bought in the autumn months had a reduced likelihood of Enterococcus spp. contamination and this difference was not significantly different.

Beef and pork brought during winter were associated with significantly increased likelihoods of the presence of Enterococcus spp. with odds ratios of 1.77 (95% CI: 1.34 - 2.33) and 1.75 (95% CI: 1.13 - 2.71) respectively.  Lamb purchased in winter had a reduced likelihood of Enterococcus spp. contamination but this finding was not significant.

Table 85: Impact of packaging type and season interactions on the presence of Enterococcus spp. on red meat
	
	Spring
	Summer
	Autumn
	Winter

	
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*
	Odds ratio
	95% CI*

	Protective atmosphere
	1
	-
	1.31†
	(1.04, 1.66)
	1.61†
	(1.25, 2.08)
	1.77†
	(1.34, 2.33)

	Vacuum packed
	0.84
	(0.53, 1.35)
	0.96
	(0.44, 2.06)
	1.22
	(0.52, 2.89)
	1.02
	(0.45, 2.29)

	Loose
	0.70
	(0.46, 1.08)
	0.82
	(0.45, 1.48)
	0.64
	(0.34, 1.20)
	0.44†
	(0.23, 0.86)

	Clingfilm with tray
	0.15†
	(0.10, 0.22)
	0.19†
	(0.10, 0.38)
	0.13†
	(0.06, 0.26)
	0.11†
	(0.05, 0.23)

	
	
	
	
	
	
	
	
	


*, 95% confidence interval of odds ratio
†, Significant at the 95% confidence level

Packaging type (p<0.001), season (p<0.001) and an interaction between packaging type and season (p<0.001) were observed as being significant explanatory variables for Enterococcus spp. contamination (Table 85). 

Meat packed in a protective atmosphere bought in summer, autumn and winter had significantly increased likelihood of Enterococcus spp. contamination when compared with modified atmosphere packed meats purchased in spring.  The odds ratios was 1.31 (95% CI: 1.04 - 1.66) for summer, 1.61 (95% CI: 1.25 - 2.08) for autumn and 1.77 (95% CI: 1.34 - 2.33) for winter.

Vacuum packed meat bought in the spring and summer months had reduced likelihoods of Enterococcus spp. contamination, whilst vacuum packed meats bought in the autumn and winter months have increased likelihood when compared modified atmosphere packed meats in spring.  These findings were not significant.

Loosely packed meat purchased in spring, summer, autumn and winter were associated with a reduced likelihood of Enterococcus spp. contamination compared to meats packed in a protective atmosphere brought in spring.  This finding was only significant for loose meat brought in winter with an odds ratio of 0.44 (95% CI: 0.23 - 0.86).

Meat wrapped in clingfilm with tray brought in spring, summer, autumn and winter were associated with significantly reduced likelihoods of the presence of Enterococcus spp. in comparison to modified atmosphere packed meat in spring.  The odds ratios for these reductions were 0.15 (95% CI: 0.10 - 0.22) for spring, 0.19 (95% CI: 0.10 - 0.38) for summer, 0.13 (95% CI: 0.06 - 0.26) for autumn and 0.11 (95% CI: 0.05 - 0.23) for winter.



APPENDIX AE: THE EFFECT OF THE MEATS’ SURFACE AREA ON THE LEVELS OF LISTERIA SPP., L. MONOCYTOGENES AND E. COLI (NON-O157) DETECTED

Presented here is an analysis of whether the surface area of red meat samples could have caused the differences observed in the Listeria spp., L. monocytogenes and E. coli (non-O157) levels detected between sub-groups.

No data was collected on the surface area of the meat therefore weight was used as a proxy for surface area.  This has clear limitations as the relationship between surface area and weight is depended on density, however this analysis will give some insight into whether surface area drives differences in levels identified between sub-groups.

Differences in levels of contamination between sub-groups were only observed in E. coli levels and not for Listeria spp. and L. monocytogenes levels analysed and so the analysis below concentrates on E. coli.

The effect of the meats’ surface area on the levels of E. coli detected
Assuming weight is a representation of surface area, a significant positive correlation exists between E. coli levels and weight for roasting joints (Spearmans r=0.1, p<0.001).  There was no significant correlation between E. coli levels and weight of steaks/chops.

Correlation co-efficient ranges from -1 to 1, with the nearer 0 the weaker the magnitude of the correlation (a positive or negative indicates the direction).  The correlation of 0.1 for roasting joints suggests that as the weight of the meat increases, the levels of E. coli present increases albeit by a small amount.  Therefore this is a weak correlation, however it is strongly significant so as weight of roasting joints increases so does E. coli levels.  It must be remembered this is an association and the driver for this correlation maybe some other variable rather than weight.

Assuming that weight is the cause of the observed correlation on E. coli, the significant differences observed between sub-groups on roasting joints enumerations need to be checked.  If the weight of the roasting joints is having a strong effect on E. coli levels and causing the differences observed between the groups, then the sub-groups that are on average heavier should also be more contaminated with E. coli.

Comparison of E. coli levels detected on retail roasting joints purchased from supermarkets and butchers
Table 86 indicates that roasting joints purchased from supermarkets were on average significantly heavier (890.61g) than roasting joints sourced from butchers (791.71g) (p<0.001).

Table 86: Average weight (g) of roasting joints by retailer type
	Retailer type
	Number of samples
	Mean weight (g)
	Std Deviation of Mean weight (g)
	Std error of mean weight (g)

	Supermarket
	750
	890.61
	332.96
	12.16

	Butchers
	288
	791.71
	335.64
	19.78

	
	
	
	
	



Roasting joints purchased from supermarkets had on average lower levels of E. coli contamination (Table 87).  If weight was cause of this effect then roasting joints purchased from supermarkets would have greater levels of E. coli than those purchased from butchers (the effect would be in the opposite direction).  If the weight of the roasting joints is having an effect, in this comparison, it would be mediating the difference seen between the supermarkets and butchers.  Therefore, the difference in E. coli levels observed between butchers and supermarkets is not caused by the differences in weight.

Table 87: 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
	

	Supermarkets
	73.3%   (555)
	20.2%   (148)
	6.5%    (47)
	100%     (750)

	Butchers
	66.8%   (194)
	22.4%     (65)
	10.8%    (29)
	100%     (288)

	
	
	
	
	

	Total
	71.5%   (749)
	20.8%   (213)
	7.7%    (76)
	100%  (1,038)



Comparison of E. coli levels detected on retail beef, pork and lamb roasting joints in the UK
Table 88 indicates that pork roasting joints (1,013.05g) were on average heavier than lamb (895.86g) and beef (772.95g) roasting joints.


Table 88: Average weight (g) of roasting joints by meat type
	Meat type
	Number of samples
	Mean weight (g)
	Std Deviation of Mean weight (g)
	Std error of mean weight (g)

	Beef
	585
	772.95
	288.21
	11.92

	Pork
	324
	1,013.05
	369.05
	20.50

	Lamb
	129
	895.86
	315.26
	27.75

	
	
	
	
	

	Total
	1,038
	863.17
	336.47
	10.44



The levels of E. coli follow the same progression with the greatest E. coli levels found on pork roasting joints, then lamb and finally beef (Table 89).  Therefore it may be the case that the observed difference in E. coli levels by meat type was driven by weight.  However, as the correlation is quite weak, it is unlikely that weight is the only variable driving this trend.

Table 89: 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)
	5.7%   (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)



Comparison of E. coli levels detected on retail roasting joints according to packaging types
Loosely packed roasting joints were significantly lighter than the other packaging types (748.33g; p<0.001), whilst vacuum packed roasting joints were significantly heavier than the other packaging types (1,077.68g; p<0.001) (Table 90).  No difference in weight was observed between meats packed in a protective atmosphere and those wrapped in clingfilm.

Table 90: Average weight (g) of roasting joints by packaging types
	Meat type
	Number of samples
	Mean weight (g)
	Std Deviation of Mean weight (g)
	Std error of mean weight (g)

	Packed in a protective atmosphere
	535
	857.82
	266.01
	11.50

	Vacuum packed
	108
	1,077.68
	562.04
	54.08

	Loose
	210
	748.33
	294.02
	20.29

	Clingfilm with tray
	177
	874.78
	331.18
	24.89

	
	
	
	
	

	Total
	1,038
	863.17
	336.47
	10.44



Table 91 indicates that vacuum packed roasting joints were the most contaminated and on average the heaviest packaging type tested, therefore the weight maybe driving the observed differences in E. coli levels contaminating the different packaging types.

Loosely packed roasting joints were on average the lightest packaging type tested but they had higher levels of E. coli present on their surface than atmosphere packed and clingfilm wrapped roasting joints (Table 91).  If weight was causing a difference in E. coli levels, loosely packed roasting joints would be expected to be the least contaminated since were the lightest packaging types tested.

Table 91: E. coli levels detected on roasting joints based on packaging type
	Packaging type
	E. coli levels (cfu/meat sample)
	Total

	
	<10
	10-100
	≥100*
	

	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)



Summary
Weight maybe having an effect on the levels detected on the surface of roasting joints tested, however it does not seem to be the cause of the observed differences.  Weight is likely to be one of many variables that have an effect on the levels of E. coli contamination found on the surface of roasting joints.




APPENDIX AF: LEVELS OF C. PERFRINGENS, S. AUREUS, ENTEROBACTERIACEAE AND ENTEROCOCCUS SPP. DETECTED ON THE MEAT SAMPLES

All percentages provided in this analysis were weighted, whilst the total values reported are the actual number of samples tested.  Confidence intervals have not been included as they are inappropriate with this type of analysis.  It should be noted that all enumeration data is 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.

C. perfringens levels detected on retail red meat in the UK
Table 92 and Figure 9 summarises the C. perfringens levels found on meat sold in the UK.  Of the 605 positive C. perfringens meat samples detected, 521 (85.9%) were found to have C. perfringens at <10 cfu/meat sample.  Only 1 (0.2%) sample had levels at 1,000-10,000 cfu/meat sample whilst 68 (11.4%) and 15 (2.6%) had levels of 10-100 cfu/meat sample and 100-1,000 cfu/meat sample respectively.  No meat samples had C. perfringens levels greater that >10,000 cfu/meat sample.

Table 92: C. perfringens levels detected on retail red meat in the UK
	
	Levels (cfu/meat sample)

	
	<10
	10-100
	100-1,000
	1,000-10,000

	C. perfringens
	85.9%   (521)
	11.4%   (68)
	2.6%   (15)
	0.2%   (1)

	
	
	
	
	



	
	Levels (cfu/meat sample)
	Total

	
	10,000-100,000
	>100,000
	

	C. perfringens
	0.0%   (0)
	0.0%   (0)
	100.0%   (605)

	
	
	
	




Figure 9: C. perfringens levels detected on retail red meat in the UK
[image: ]

S. aureus levels detected on retail red meat in the UK
Table 93 and Figure 10 summarises the S. aureus levels found on meat sold in the UK.  Of the 423 positive S. aureus meat samples detected, 156 (36.2%) were found to have levels at <10 cfu/meat sample.  Twenty one (5.0%) of the S. aureus positive samples detected were at 1,000-10,000 cfu/meat sample whilst 157 (37.2%), 83 (19.6%) and 6 (1.4%) samples had levels of 10-100, 100-1,000 and 10,000-100,000 cfu/meat sample respectively.  No meat samples had S. aureus levels at >100,000 cfu/meat sample.

Table 93: S. aureus levels detected on retail red meat in the UK
	
	Levels (cfu/meat sample)

	
	<10
	10-100
	100-1,000
	1,000-10,000

	S. aureus
	36.2%   (156)
	37.2%   (157)
	19.6%   (83)
	5.0%   (21)

	
	
	
	
	



	
	Levels (cfu/meat sample)
	Total

	
	10,000-100,000
	>100,000
	

	S. aureus
	1.4%   (6)
	0.0%   (0)
	100.0%   (423)

	
	
	
	




Figure 10: S. aureus levels detected on retail red meat in the UK


Enterobacteriaceae levels detected on retail red meat in the UK
Table 94 and Figure 11 summarises the Enterobacteriaceae levels found on meat sold in the UK.  Of the 5,752 positive Enterobacteriaceae meat samples detected, 2,701 (47.1%) were found to have Enterobacteriaceae levels at <10 cfu/meat sample.  There were 1,680 (29.1%) of the positive samples had levels at 100-1,000 cfu/meat sample whilst 934 (16.2%) and 343 (6.0%) had levels present at 1,000-10,000 cfu/meat sample and 10,000-100,000 cfu/meat sample respectively.  Ninety one (1.59%) samples had levels at >100,000 cfu/meat sample.

Table 94: Enterobacteriaceae levels detected on retail red meat in the UK
	
	Levels (cfu/meat sample)

	
	<100
	100-1,000
	1,000-10,000

	Enterobacteriaceae
	47.1%   (2,701)
	29.1%   (1,680)
	16.2%   (934)

	
	
	
	



	
	Levels (cfu/meat sample)
	Total

	
	10,000-100,000
	>100,000
	

	Enterobacteriaceae
	6.0%   (343)
	1.59%   (91)
	100.0%   (5,752)

	
	
	
	




Figure 11: Enterobacteriaceae levels detected on retail red meat in the UK


Enterococcus spp. levels detected on retail red meat in the UK
Table 95 and Figure 12 summarises the Enterococcus spp. levels found on meat sold in the UK.  Of the 2,878 Enterococcus spp. positive meat samples detected, 1,917 (66.4%) had levels at <100 cfu/meat sample.  There were 632 (21.8%) samples which had levels present at 100-1,000 cfu/meat sample whilst 250 (8.9%) and 78 (2.8%) had levels of 1,000-10,000 cfu/meat sample and 10,000-100,000 cfu/meat sample respectively.  Only 1 (0.0%) Enterococcus spp. positive samples had levels at >100,000 cfu/meat sample.

Table 95: Enterococcus spp. levels detected on retail red meat in the UK
	
	Levels (cfu/meat sample)

	
	<100
	100-1,000
	1,000-10,000

	Enterococcus spp.
	66.4%  (1,917)
	21.8%   (632)
	8.9%   (250)

	
	
	
	



	
	Levels (cfu/meat sample)
	Total

	
	10,000-100,000
	>100,000
	

	Enterococcus spp.
	2.8%   (78)
	0.0%         (1)
	100.0% (2,878)

	
	
	
	




Figure 12: Enterococcus spp. levels detected on retail red meat in the UK
[image: ]


APPENDIX AG – COMMENTS FROM RETAILERS

All retailers were given the opportunity to provide comments on their results, the responses received from retailers were:

LIDL

“The samples analysed in this report date back to 2006/2007. Since this survey was conducted we have changed suppliers for over two thirds of the products referred to in the survey, therefore it is not reflective of the products sold by Lidl at present.

Since 2009 all ongoing fresh beef, pork and poultry products in our assortment are 100% British Farm Assured and produced in accordance with the relevant regulations. Our Fresh lamb products are either British Farm Assured or sourced from New Zealand depending on the season.

We have examined the results of your survey and passed the details on to the relevant suppliers. The general results of your survey fall well within the acceptable limits for raw uncooked meat.

Lidl only uses reputable accredited suppliers who have strict controls and procedures in place. We work extremely closely with our suppliers to ensure that the quality of our products is maintained at all times. All these products undergo strict microbiological testing at the production sites.

Lidl furthermore regularly has products tested for microbiological results by independent accredited laboratories to ensure food safety as part of our due diligence programme.”


Parsons Nose (formerly Buckleys)
‘We always try and maintain the highest levels of cleanliness and food hygiene.  Our motto is ‘Quality isn’t expensive, it’s priceless!’
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