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This report gives details of the progress made in projects within research and survey
programmes commissioned by the Food Standards Agency during financial year
2001/2002.

Further copies may be obtained from:

Food Standards Agency Publications:
Tel: 0845 606 0667; Email: foodstandards@eclogistics.co.uk

For general enquiries on the Agency’s research activities please contact us by at email:
science@foodstandards.gsi.gov.uk.
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Introduction

The Food Standards Agency

The main objective of the Agency is to “protect public health from risks which may arise in
connection with the consumption of food, and otherwise to protect the interests of
consumers in relation to food”.

To fulfil this objective, the Agency seeks to:

• provide advice to the public and to Government on food safety, nutrition and diet;
• protect consumers through effective enforcement and monitoring; and
• support consumer choice through accurate and meaningful labelling.

The Agency commissions research to support these functions and help ensure that its
policies and advice is based on the best available science. Our current Service Delivery
Agreement (SDA) and Strategic Plan for 2001–20061 both set ambitious targets for the
improvement of food safety, quality and consumer protection and our research is a key
factor in achieving these targets.

This Report describes the progress and achievements from all of the Food Standards
Agency’s research programmes that were current in the financial year 2001/2002. For the
first time, this report also gives details of survey programmes which are undertaken in close
conjunction with the related research programmes. 

These research and survey activities form an integral part of the scientific work that the
Agency commissions to provide the evidence that it requires to achieve its objectives and
both are presented here together to provide a complete picture of our activities. Brief
details of surveys are provided as they are reported comprehensively through the Food
Survey Information Sheets (FSIS) which are published on our website, www.food.gov.uk.

About the Agency

The Agency is a UK-wide non-ministerial government agency established to protect public’s
health and consumers’ interest in relation to food. Although we are accountable to
parliament through Department of Health ministers, we are free to publish any information
or advice that we consider to be in the public interest, and so provide an independent voice
within government on food safety issues.

The Agency’s fundamental aims are to: 

• put the consumer first;
• be open and accessible; and
• act as an independent voice.
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In addition to the London headquarters, the Agency has executive bodies in Scotland
(Aberdeen), Wales (Cardiff) and Northern Ireland (Belfast) and also encompasses an
Executive Agency, the Meat Hygiene Service (MHS), whose headquarters are in York. The
MHS carries out enforcement measures by inspecting all licensed meat plants to ensure
standards required by the law for the hygienic production of meat and for the maintenance
of animals’ welfare at slaughter.

Research and surveys in the Food Standards Agency

To be able to advise on food standards and safety matters, the Food Standards Agency
needs access to the best possible scientific research and evidence-based information. In
providing this information and advice, the Agency needs a clear understanding of the
processes of food production from farm to fork – from the point at which food is grown or
manufactured until it arrives on our plates. The best possible scientific research is required
to investigate the consumer-related consequences of these production processes on the
food chain.

Where this information is not already available from other sources, the Agency has the
capacity to commission research to provide it. In the financial year 2001-02, £21m was
allocated to the Agency’s research activities, along with £5m on survey work, which together
constitute some 23% of the Agency’s total expenditure.

The work that is funded can be categorised into three main areas: food safety (which covers
three key areas: food poisoning bacteria, chemical contaminants in food and the
physiological and biological effects of various food components), food quality and
nutrition. Each of these areas is divided into a series of discrete programmes focussing on
specific issues that the Agency needs to address. Each programme has its own defined
rationale and objectives, usually with a lifetime of five years.

Our research and survey projects are commissioned to investigate specific problems or
provide necessary information or evidence, within these programmes. Proposals to address
the requirements for projects under these programmes, as determined by the responsible
policy divisions, are sought on up to four separate occasions each year through our Research
Requirements Document (RRD). Publication of the RRD is advertised widely and available
from our website (www.food.gov.uk).

Proposals received from potential contractors to address these requirements are appraised
for their scientific quality by ad hoc panels, which comprise a selection of people from
within the Agency and external experts, with suitable mixture of relevant skills and
experience.

Each project that we commission is monitored against agreed milestones set out in the
contracts and the final reports submitted by contractors for each are evaluated against
predefined criteria. These evaluations provide an assessment of the quality of the work and
whether the project’s findings are of sufficiently substance and reliability that the Agency
may take action upon them with confidence. Project reports are subsequently made
available through the Agency’s library and contractors are encouraged to publish their work
independently in peer-reviewed journals.
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B10 – Microbial antibiotic resistance

1. Background

There is international concern about the increasing trend in antibiotic resistance in micro-
organisms including those that occur in the food chain. The food chain is acknowledged as
a vehicle for pathogens (e.g. Salmonella, Campylobacter) causing infections in humans and
as a source of other micro-organisms (e.g. commensal Escherichia coli, Enterococci) carried
by food-producing animals. Bacteria found in the food chain may become resistant to
antibiotics from various sources, including through exposure to antimicrobials used for
therapy, prophylaxis (use in advance of symptomatic disease) or growth promotion in animal
husbandry.

There have been many debates about the relative contribution that veterinary and human
usage of antibiotics and other antimicrobial agents has made to the problem of resistance.
This issue has been examined by the Advisory Committee on the Microbiological Safety of
Food (ACMSF), which carried out an in-depth review of the role of food in transferring
microbial antibiotic resistance to humans. The Committee’s report, which was published in
August 1999, shows conclusively that antibiotics given to animals result in the emergence of
some resistant bacteria which can infect humans. However, the ACMSF concluded that the
extent to which antibiotics given to animals contribute to the overall problem of antibiotic
resistance in humans is uncertain and that further research and surveillance is needed.

The ACMSF’s recommendations were wide ranging and are aimed at developing a broad
strategy for reducing the use of antimicrobials in food producing animals. The ACMSF also
recommended substantial research into the issue of antibiotic resistance, and the current
Programme will be taking forward some of this work.

The cost for this Programme in the financial year 2001/2002 was ca. £133k.

2. Outputs

This is a relatively new Programme, which was formed from previous Department of Health
funded projects together with new work in the process of being commissioned by the
Agency.

3. Dissemination Activities

No meetings have been held to review the work in this new Programme, although a meeting
is likely to take place next year when some of the new work has been commissioned and
projects started.
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4. Future Activity

A new project looking at the contribution of food chain relative to other pathways to the
problem of quinolone resistance in microorganisms causing human infections is due to start
1 April 2002. This project forms part of the microbiological risk assessment program (B12) but
is relevant to B10 as well.

New projects are expected to be commissioned over the coming months. The PHLS
Laboratory of Enteric Pathogens is providing an archiving and typing facility, including
antibiotic resistance, for bacteria isolated as part of Agency funded surveys. This includes,
for example, isolates of Salmonella and Campylobacter from the UK baseline survey of
retail chicken for the Agency’s target of reducing Salmonella contamination by 50% over five
years. This work builds on recommendations made by the ACMSF that there should be more
information on antibiotic resistance in bacteria isolated from foods.

Requirements for further work in this program will take into account ACMSF
recommendations and the work put in place by other funders notably DEFRA.

5. Comments

The Programme Managers and contacts for further information are:

Dr Paul Cook, Microbiological Safety Division
(Tel: 020 7276 8950; Email: paul.cook@foodstandards.gsi.gov.uk)

Olivia Doyle, Microbiological Safety Division
(Tel: 020 7276 8961; Email: olivia.doyle@foodstandards.gsi.gov.uk)

Food-borne Illness
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Product Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

133,440TOTAL

118,99831-Mar-0301-Apr-01Public Health
Laboratory
Service

Establishment of a national reference
facility for antibiotic resistant bacteria
from foods; development of a
national archiving facility

B10003

14,44230-Sep-0101-Jan-99Public Health
Laboratory
Service

Molecular epidemiology of multiple
drug resistant and resistance to
fluroquinolone antibiotics in
Salmonella typhimurium DT104

B10001



B11: Verocytotoxin-producing E.coli
O157 (VTEC)

1. Background

Verocytotoxin-producing E. coli (VTEC) is an important human pathogen and strains
belonging to serotype O157 have been predominantly associated with many outbreaks of
haemorrhagic colitis and haemolytic uremic syndrome, two potentially life-threatening
conditions. There are currently 7 projects in programme B11 and the research covers the
detection of VTEC strains and the virulence and pathogenicity of the organism. Some of the
research stems from recommendations made by the Advisory Committee on the
Microbiological Safety of Food in it’s Report on Verocytotoxin-Producing Escherichia coli,
published in 1995.

The cost for Programme B11 in financial year 2001/2002 was ca. £391k.

2. Outputs

The main achievements of this Programme during the past year are as follows:

B09007: Develop and validate methods to detect and characterise verocytotoxin
producing E. coli in foods

The objective of this project is to develop and validate an appropriate method or choice of
methods to enable the detection and isolation of VTEC in foods. Various enrichment media
were assessed for their ability to grow a variety of VTEC serotypes at different temperatures.
End point detection systems were also assessed and a PCR has been developed against the
toxin genes (VT1 and VT2) as well as suitable toxin extraction procedures for use with a VT
ELISA kit. For the majority of VTEC strains in foods, modified tryptone soya broth
supplemented with 20mg/l novobiocin, incubated at 41.5°C for 24 hours provides sufficient
cells for detection by the PCR and toxin for detection by the ELISA.

Once the protocols were finalised they were assessed in a pre-collaborative trial in which
three laboratories tested spiked samples of four different foods: milk, raw minced beef,
apple juice and salami. Results have shown the enrichment procedure to be successful and
the end point detection devices have been shown to provide good sensitive methods for
screening foods for VTEC. A full 15 laboratory collaborative trial will follow.

B09008: Accelerated detection of Salmonella and verocytotoxigenic E. coli in food

A method has been developed that will allow the growth of small numbers of target
organisms to be followed during pre-enrichment in the presence of a large excess of
competing bacteria from the natural flora of food. The method was used to follow the
growth of an inoculum of 2 or 20 Salmonella cells in the presence of flora from egg, bean
sprout, minced beef or milk. Further studies examined the effect of sublethal heat injury on
competitive growth. Similar trends were noted but because of the poorer growth of injured
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cells, the final levels were often lower than with healthy cells. Similar studies were carried
out with VTEC organisms. PCR methods have been optimised for both Salmonella and VTEC.
However, the information provided on the effect of food and other variables on the final
number of target cells that can be achieved during enrichment will be relevant to all end
point detection methods.

B09010: Develop and validate an immunological method for the detection and
characterisation of all VTEC in food

Two types of prototype multi-analyte dipsticks were developed – paddle style and lateral
flow – able to detect E. coli O157 and the presence of verocytotoxins. Each was tested in a
3 laboratory trial and the lateral flow dipstick was found to be most promising as it was
simple to use, gave good results and was suitable for development. Further work is being
carried out with the aim that the dipstick be able to detect other serotypes.

B01014: Develop a novel molecular typing method for comparison of foodborne
pathogens using VTEC as a model organism

The aim of this project was to evaluate the fluorescent amplified fragment length
polymorphism (AFLP) method originally developed for plant taxonomics to the important
food-borne pathogens verotoxinogenic E. coli strains. The ability to identify unequivocally
such food-borne pathogens accurately and rapidly would permit more effective outbreak
tracing. In a collaboration between the Laboratory of the Government Chemist and the
Scottish E. coli O157 Reference Laboratory a robust protocol for the generation of AFLP
profiles was developed. To ensure reproducible data interpretation and comparability of
results between analysts and laboratories detailed criteria for profile acceptance were
formulated. A database was constructed to allow both storage of isolate profiles and
comparison of molecular and phenotypic characteristics of strains using Microsoft Access.
The database facilitates matching of AFLP profiles of unknown samples with those already
entered in the database and also permits searches on other isolate details. Unfortunately
during the project there was insufficient time to develop the sensitivity of the method and
the poor discrimination achieved made the method unsuitable for the sub-typing of E. coli
O157. A final report has been placed in the Agency library.

3. Dissemination/Communication Activities

The VTEC Researchers Consortium meets regularly to identify mechanisms for optimising
the output from B09007, B09008 and B09010. As a result, the collaborative trials to validate
the methods developed in B09007 and B09010 were carried out at the same time using the
same test materials. This maximised use of resources and enabled direct comparison of
method performance.

4. Future activity

Further meetings of the VTEC Researchers Consortium will be held to continue to identify
mechanisms for optimising the output from B09007, B09008 and B09010.
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5. Comments

The Programme managers and contacts for further information are:

Ms Geraldine Hoad, Microbiological Safety Division
(Tel: 020 7276 8942; Email: geraldine.hoad@foodstandards.gsi.gov.uk)

Dr Andrea Belcher, Microbiological Safety Division
(Tel: 020 7276 8962; Email: andrea.belcher@foodstandards.gsi.gov.uk)

6. Publications

Publications

The programme has resulted in the following article having been submitted for publication.

Henrik Chart, Neil T. Perry, Thomas Cheasty and Peter A. Wright. ‘The kinetics of antibody
production to antigens of Escherichia coli O157 in a pregnant woman with haemolytic
uraemic syndrome’. Journal of Medical Microbiology – in press.

Further publications are planned.

Presentations

Research from this programme has resulted in a number of presentations:

Ball, H. J., Kennedy, S., McCappin, J. (2001) Development of ELISAs. Co-ordination Meeting of
EC Project QLRT-199-30600, Attachment/ effacement Escherichia coli infections:
Pathogenesis, host response and epidemiology. Huy, Belgium, 5-6th October, 2001.

Peck, M. W., Aldus, C. F., Wyatt, G. M. (1999) ‘Development and validation of an
immunological method for the detection and characterisation of all VTEC in foodstuffs’.
Invited oral presentation and poster presentation at MAFF research programme FS12 annual
meeting. CAMR, Salisbury, UK. October, 1999.

Wyatt, G. M., Aldus, C. F., Peck, M. W. (2000) ‘Development of a rapid, multi-analyte,
antibody-based dipstick for detection of verocytotoxin-producing E. coli in foods’. Poster
presentation at “Foodborne Pathogens 2000” (meeting of Society for Industrial
Microbiology). Arlington, USA. April, 2000.

Aldus, C. F., Wyatt, G. M., Peck, M. W. (2000) ‘The development of a rapid, multi-analyte,
antibody-based dipstick for detection of verotoxin producing E. coli O157:H7 in foods’.
Abstract and poster presentation at EU concerted action CT98-3935 on “Verocytotoxigenic
E. coli in Europe”. Oslo, Norway. September, 2000.

Wyatt, G. M., Aldus, C. F., Peck, M. W., Brett, G., Karasova, L., Rauch, P. (2000) ‘Antibody-based
detection of foodborne pathogens and toxins’. Poster presentation and abstract at “Canadian
Federal Food Safety and Nutrition Research Meeting”. Ottawa, Canada. September 2000.

Food-borne Illness
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Aldus, C. F., Wyatt, G. M., Peck, M. W., Ariens, R., Wichers, J. (2001) ‘Newly developed multi-
analyte dipsticks for VTEC detection: performance characteristics’. Abstract and poster
presentation at EU concerted action CT98-3935 on “Verocytotoxigenic E. coli in Europe –
Epidemiology of VTEC and typing methods for VTEC strains”. Dublin, Ireland. February, 2001.

van Amerongen A., Ariëns, R.M.C., Wichers, J. H., Wyatt G.M. (2001) ‘Multi-analyte detection
of verotoxin-producing E.coli (VTEC) in foods; development of a rapid, one-step lateral flow
assay for cells and toxins’. Oral presentation and abstract at VIth International Conference on
Agri-Food Antibodies, Society for Food and Agricultural Immunology, 2nd-5th October 2001,
Prague, Czech Republic ISBN 80-7080-441-6.

van Amerongen A., Ariëns, R. M. C., Wichers J. H., Wyatt, G. M. (2001) ‘Multi-analyte detection
of verotoxin-producing E.coli (VTEC) in foods; development of a rapid, one-step lateral flow
assay for cells and toxins’. Poster presentation and abstract at VIth International Conference
on Agri-Food Antibodies, Society for Food and Agricultural Immunology, 2nd-5th October
2001, Prague, Czech Republic ISBN 80-7080-441-6.

Aldus, C. F., Wyatt, G. M., Peck, M. W., Wichers, J. (2001) ‘Multi-analyte detection of verotoxin-
producing E. coli (VTEC) in foods; development of a rapid, solid-phase, dipstick method for
cells and toxin’. Oral presentation and abstract at Proceedings of VIth International
Conference on Agri-Food Antibodies, Society for Food and Agricultural Immunology, Prague
ISBN 80-7080-441-6.

Aldus, C. F., Wyatt, G. M., Peck, M. W., Wichers, J. (2001) ‘Multi-analyte detection of
verotoxin-producing E. coli (VTEC) in foods; development of a rapid, solid-phase, dipstick
method for cells and toxins’. Poster presentation and abstract at VIth International
Conference on Agri-Food Antibodies, Society for Food and Agricultural Immunology,
2nd-5th October 2001, Prague, Czech Republic ISBN 80-7080-441-6.
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Product Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

391,164TOTAL

32,75401-Jun-0301-Jun-01Public Health
Laboratory
Service

The serodiagnosis of infections caused
by verocytotoxin-producing E. coli
based on salivary antibodies to LPS

B11008

29,62501-Nov-0301-Aug-00The Queen’s
University of
Belfast

Diagnostic application of monoclonal
antibody-based sandwich ELISAs for
the rapid detection of verocytotoxin-
producing E. coli

B11003

138,08031-Aug-0201-Feb-99Institute of
Food Research

Develop and validate an
immunological method for the
detection and characterisation of all
VTEC in foodstuffs

B09010

40,10230-Jun-0201-Jun-99University of
Reading

Accelerated detection of Salmonella
and verocytotoxigenic E.coli in food

B09008

138,22031-Aug-0201-Sep-99Public Health
Laboratory
Service

Develop and validate methods to
detect and characterise verocytotoxin
producing Escherichia coli in foods

B09007

12,38330-Apr-0101-May-99Laboratory 
of the
Government
Chemist

Develop a novel molecular typing
method for comparison of food-
borne pathogens using VTEC as a
model organism

B01014
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B12 – Microbiological risk assessment

1. Background

Microbiological risk assessment (MRA) is a developing area of food microbiology and is
likely to be increasingly used as a tool to inform risk management and communication
concerning microbiological hazards in foods. Formal MRA provides a structured approach to
using scientific evidence in assessing risk and principles and guidelines for undertaking MRA
have been published by Codex and EU Scientific Committees. The development of MRA is
a multidisciplinary process and requires expertise and data from a wide variety of sources.
Outputs from risk assessment should include the nature and degree of the risk together with
the limitations and uncertainties involved in the assessment process. These models will also
help identify gaps in scientific knowledge.

Scientific Aims

The scientific aims of the programme are to:

• Conduct microbiological risk assessments for the key microbiological hazards associated
with the food chain.

• To put microbiological risks in the food chain into context by developing integrated
approaches that take into account exposure through different pathways including food,
water and the environment.

• Identify new or novel approaches to microbiological risk assessment in the food chain.
• Develop approaches to microbiological risk assessment which take into account

uncertainty and variability.
• Identify areas of research or surveillance that will help reduce uncertainty and variability

in microbiological risk assessments.

Areas of Activity

To achieve these aims, the activities of the programme fall into a number of areas including:

• Determine the risks of foodborne transmission in relation to other routes such as the
environment and animals.

• Identify the key barriers or key intervention steps within each route of transmission.
• Identify gaps within scientific data that may be reduced by targeted research and

surveillance.
• Identify groups within the general population who may be at a higher risk of adverse

effects if they are exposed to certain micro-organisms.
• Apply risk assessment methodology to examine traits such as antimicrobial resistance.



Implications for Consumers

This research will allow the Agency to improve food safety and benefit the consumer by:

• Providing better information to groups within the general population in relation to risk of
adverse effects if they exposed to certain foods or micro-organisms.

• Enable consumers to be better informed about the risks of infections through different
pathways of infection such as food, water and the environment.

The cost for Programme B12 in financial year 2001/2002 was ca. £291k.

2. Outputs

Two projects have started since the publication of last year’s Annual Report. Recent progress
is outlined below.

B01019: Development of a risk assessment model for the different pathways of infection
of verocytotoxigenic E. coli O157.

This project is focusing on the development of microbiological risk assessment for the
different transmission routes of verocytotoxigenic E. coli O157. The completed model may
provide information to explain why the incidence of E. coli O157 is higher in Scotland than
in England and Wales. It will also be used to test the effect of implementing various policies
and the impact of the key barriers breakdown on relative incidence of E. coli O157 through
each route of transmission. Past outbreaks, routine surveillance and case control studies for
England/Wales and Scotland have been reviewed for the source and pathways of E. coli
O157 infection. Other members of the project team have reviewed and reported on the
incidence, prevalence and loadings of E. coli O157 in animal faeces. If data is not sufficient,
information from other countries will be used in the development of the model. Pathways
of exposure for some environmental routes are now being developed.

B01020: A microbiological risk assessment of Listeria monocytogenes in cooked meat and
poultry.

This project is carrying out a formal risk assessment of L. monocytogenes in cooked meat
and poultry. The work will describe the risk to the overall populations from these foods,
identify sub-populations that are at particular risk and identify areas that have particular
influence on the risk. To date, the outline MRA and statement of purpose have been
completed with the hazard identification and exposure assessment underway.

3. Dissemination Activities

Research in this programme is still in the early stages. A one-day workshop on MRA was held
at Campden and Chorleywood Food Research Association in January 2002 by B01020.
Presentations were give by all Agency microbiological risk assessment projects on their work
to date. The Agency will be setting up an MRA steering group with members from the
various risk assessment projects.

Food-borne Illness
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4. Future Activity

A new project looking at the contribution of food chain, relative to other pathways, to the
problem of quinolone resistance in microorganisms causing human infections is due to start
1 April 2002. This project is also relevant to Microbial Antibiotic Resistance Programme (B10).
A new risk assessment project on Norwalk-like viruses is due to start in 2002.

5. Comments

The Programme Managers and contacts for further information are:

Dr Paul Cook, Microbiological Safety Division
(Tel: 0207 276 8950; Email: paul.cook@foodstandards.gsi.gov.uk)

Olivia Doyle, Microbiological Safety Division
(Tel: 020 7276 8961; Email: olivia.doyle@foodstandards.gsi.gov.uk)
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Product Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

290,812TOTAL

140,57230-Apr-0301-May-01Campden and
Chorleywood
Food Research
Association

A microbiological risk assessment of
Listeria monocytogenes in cooked
meat and poultry

B01020

150,24031-Mar-0401-Apr-01WRC-NSF LtdDevelopment of a risk assessment
model for the different pathways of
infection of VTEC O157

B01019
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B13 – Microbiological risk management

1. Background

Food contamination is an ongoing subject that causes great public concern. Many of the
problems involve microbiological contamination incidents, which in many cases are
preventable. The Microbiological Risk Management Programme was devised to investigate
and develop practical strategies that can be used by government, the food industry and
consumers to prevent, control or eliminate such contamination. The projects within this
programme deal with various food safety management issues involving scientific,
technological and human behavioural factors. The use, misuse and problems associated with
hazard analysis and critical control points (HACCP) are studied particularly.

The cost for Programme B13 in financial year 2001/2002 was ca. £658k.

2. Outputs

The main achievements of this Programme during the past year are as follows:

B01012: Dynamic database on microbial responses to common stresses in the food chain

A very large number of experiments have been carried out over many years to determine
the response of food-borne pathogenic bacteria to stresses applied to food. Many of these
were funded by MAFF and formed the database for Food MicroModel. The aim of this
project was to increase the size of the database, reformat data from the literature, accept
data from other national centres and to provide a new database called MicroBase. More
than 20,000 records are now in MicroBase and a browser has been developed to provide a
user-friendly method for interrogating the data. Other countries have noted the success of
this project and it is expected that an international database called e-ComBase will result
and will make a valuable contribution to microbiological risk assessment.

B01015: Determine exposure assessment and modelling risks associated with the
preparation of poultry products in institutional catering and the home

Quantitative information on the level of contamination of raw poultry with salmonellae and
campylobacters, the level of cross contamination in the kitchen, the methods of handling
raw poultry and the efficiency of the cooking process is required to provide a risk
assessment for consumers eating chicken meals. Data were obtained from poultry bought at
supermarkets and butchers in South Wales, with regard to both the level of contamination
of the poultry and the inside and outside of the packaging. Preparation of poultry was
monitored using notational analysis and surfaces were checked for evidence of cross
contamination. The data were modelled using both event tree techniques and predictive
dose modelling. Data showed Campylobacter and Salmonella to be present on 68% and
29% of retail chicken respectively; 83% of chicken was cooked adequately; there was a 1 in
7.5 chance of adequate hand washing after handling raw chicken or packaging etc. The
modelling of the data can be used to predict contamination rates in the foods and the
effects of altering parameters in the overall rates can be explored. Most importantly this
project has resulted in a model which, after further development, may be used as a tool for



use in decision making and management of food safety. For example the model could be
used to aid in the prioritisation of messages for food hygiene interventions for the service
industry and consumers.

B01021: Challenging and validating Clostridium botulinum for Food MicroModel

The development of predictive models for the growth of Clostridium botulinum in food and
food-relevant model systems forms the basis for improved safety, effective hazard
identification and risk analysis to be carried out as required by UK and EU laws. The aim of
this project was to extend the Clostridium botulinum Food MicroModel models and validate
them in a range of additional food types (e.g. part-baked breads, vacuum-packed pasta
products, sous-vide products, etc.). Food validation studies have been carried out and work
has been conducted on the acetate model including growth/no growth boundaries.

B02004: An evaluation of food handlers’ knowledge, beliefs and attitudes about food
safety and its interpretation using social cognition models

Epidemiological research data provide a useful indication of the types of errors contributing
to foodborne illness, however, this data does not always tell us why or how these incidents
occur – the so called underlying causes. Within this project, the attitudes, knowledge,
beliefs and practices of food handlers were evaluated within the framework of two social
cognition models – Theory of Planned Behaviour (TPB) and the Health Belief Model (HBM).

The food safety behaviours that domestic food handlers believed were important for
preventing food poisoning in the home were ‘hand washing’, ‘cleaning the kitchen’ and ‘using
different utensils’. Domestic food handlers had a good level of knowledge about the
majority of food safety practices investigated and had a positive attitude towards the
carrying out these actions. Domestic food handlers’ actual behaviour was not correlated
with their knowledge of food safety or their self-reported food safety behaviour.

The food safety behaviours which commercial food handlers generated as being most
important for preventing food poisoning in their workplace were ‘hand washing’, ‘cleaning
surfaces, equipment and utensils’ and ‘preventing cross-contamination’. Generally
commercial food handlers had a good level of knowledge about food safety actions and had
a positive attitude towards food safety. Respondents had a low perception of food safety
risk believing it was very unlikely that their customers would suffer food poisoning from
food preparation at their workplace. Food handlers’ knowledge was not always transferred
to their implementation of food safety actions.

B02006: Cold Jet – A novel technique for cleaning and decontaminating food processing
areas, equipment and foodstuffs

The Cold Jet system for applying dry ice pellets onto surfaces has been shown to be
effective in decontaminating and disinfecting various types of surfaces, including stainless
steel, ceramic tiles, and food grade plastics and plastic surface coatings. The Cold Jet system
effectively decontaminated surfaces of Salmonella enteritidis, Escherichia coli and Listeria
monocytogenes such that these microorganisms were not detectable using conventional
microbiological methods after a defined Cold Jet treatment. Decreases in target bacterial
populations of four orders of magnitude or more were obtained, and that this was due to
the combined application of dry ice pellets and compressed air. The parameters for
optimum application of Cold Jet system on surfaces were determined, including diameter of
dry ice pellets, pellet flow rates, blast pressure, air flow rate and blasting time (time of
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application of dry ice pellets to surfaces). Some surfaces were found to be either too brittle
or too fragile for the application of the Cold Jet system, e.g. certain grades of plastics
changed shape and appearance, or cracked or peeled, but the majority of food grade
plastics tested withstood the treatment.

B02007: Assessing and reducing the risk of cross contamination of foodstuffs in food
handling environments

The data from this project indicates that there a large number of food handling actions are
being used, especially in food service, with the potential to cause cross contamination.
Hands were identified as having the greatest potential for cross contamination. Measures
capable of controlling cross contamination, especially hand washing, were often poorly
implemented. Cleaning programmes/schedules were used but were likely to be ineffective
and cleaning equipment was often shared between high and low risk areas. General attitudes
to preventing cross contamination were positive, attitudes towards specific control
measures were less positive.

B02010: The evaluation and application of information on consumer hazard and risk to
food safety education

The purpose of this project was to obtain microbiological and observational data on
domestic food preparation to use as a basis for communicating information about hazards
and risk in a social marketing framework for a food safety-health education initiative.
Observational and microbiological data has shown that failure to implement food safety
behaviours during food preparation (involving raw poultry) does result in pathogenic
contamination of end products and the kitchen environment. Use of a social marketing
approach for communication of information about hazard and risk in a community food
safety education initiative significantly improved consumers’ food safety practices in the
short term.

B02014: Survival and decontamination of viruses on fresh produce

There is currently a lack of knowledge on the survival of human pathogenic viruses on fresh
fruits and vegetables eaten in a raw state. At the same time there is increasing public concern
regarding the microbiological safety of such products and the effectiveness of traditional
washing methods. We have therefore funded research to determine the survival of human
pathogenic viruses on fruits and vegetables and the extent to which viruses are removed
from the surface after washing and treatment with chemical disinfectants. The research will
lead to the production of a best practice guidelines document on the optimisation of
current and novel washing methods for the removal of viruses on fresh produce.

B02015: A national survey of potential cross-contamination resulting from kitchen cloths
in domestic kitchens

The purpose of this study was to obtain a representative amount of information on the
potential for bacterial contamination from kitchen cloths in domestic kitchens in the UK. 
A National Survey is now completed in which 1009 ‘in-use’ kitchen cloths were analysed for
Campylobacter spp. Salmonella spp., E. coli O157, L. monocytogenes, E. coli, S. aureus,
Enterobacteriaceae and TVC. E.coli O157 or Campylobacter spp. were not detected. 
S. arizonae (0.1%), L. monocytogenes (1.4%), S. aureus (12.2%), Enterobacteriaceae (36.4%) and
TVC’s (99%) were found on the kitchen cloths. Studies were also carried out to investigate
the growth of pathogens in the cloths under various conditions.
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B02016: Microbiological risk factors associated with the domestic handling of meat

It has been estimated that about 11% of general foodborne outbreaks are associated with
food prepared in the home for extended family or community events. Poultry and red meat
are known carriers of food poisoning bacteria and are associated with a large proportion of
these outbreaks.

Poultry and red meat can carry pathogens that will be killed if the meat is cooked properly.
However, there is a concern that some kitchen practices, such as washing poultry and other
meat, increases the likelihood of people inadvertently contaminating kitchen sinks and
preparation areas thereby increasing the risk of direct or indirect cross-contamination to
other foods.

Clearly, it is particularly important to avoid cross-contamination from raw meat to foods,
such as salads, which will not be cooked but may be prepared in the same area of the
kitchen. We have therefore funded research to help inform a view on the risks associated
with preparing raw meat in the domestic kitchen.

This research will consider the effects of washing and soaking on the removal of
microorganisms from the surface of meat, the spread of contamination from meat washing
practices, and the persistence of organisms that may have been spread by meat preparation
practices. Consumer interviews will help establish the extent to which people currently
wash meat and what variations are used like length of soak time, water temperature, and
water additives such as salt or vinegar. This research will help to inform future advice to the
public.

3. Dissemination Activities

Results from this Programme are being disseminated in the scientific literature and by
presentation at colloquia, workshops, conferences and national and international meetings.
The programme produced two peer-reviewed publications in 2001/2002 and a number of
other publications are in preparation.

4. Future Activity

No further research will be commissioned under this programme. The current programme
will be completed in the 2003/2004 financial year.

5. Comments

The Programme Adviser in 2001/2002 was Professor Bevan Moseley OBE.

The contact for further information is:

Mrs June Lock, Microbiological Safety Division
(Tel: 020 7276 8959; Email: june.lock@foodstandards.gsi.gov.uk)
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

658,027TOTAL

46,95731-Jul-0201-Jun-97Institute of
Food Research

Maintenance and improvement of
Food MicroModel database

B08002

85,73931-Oct-0301-Nov-00Campden And
Chorleywood
Food Research
Association 

Microbiological risk factors associated
with the domestic handling of meat

B02016

125,12931-Mar-0201-Aug-00Central Science
Laboratory

A national survey of potential cross-
contamination resulting from kitchen
cloths in domestic kitchens

B02015

92,80530-Sep-0201-Feb-00Campden And
Chorleywood
Food Research
Association 

Survival and decontamination of
viruses on fresh produce

B02014

55,94830-Jun-0101-Jul-99University of
Wales Institute,
Cardiff

The evaluation and application of
information on consumer hazard and
risk to food safety education

B02010

24,50231-May-0101-Jan-99University of
Wales Institute,
Cardiff

Assessing and reducing the risk of
cross contamination of foodstuffs in
food handling environments

B02007

66,01031-Dec-0101-Feb-99Microchem
Bioscience Ltd

Cold Jet – A novel technique for
cleaning and decontaminating food
processing areas, equipment and
foodstuffs

B02006

NIL30-Apr-0101-Jul-98University of
Wales, Institute,
Cardiff

An evaluation of food handler’s
knowledge, beliefs and attitudes about
food safety and its interpretation
using social cognition models 

B02004

61,94630-Apr-0201-Sep-00Central Science
Laboratory

Challenging and validating Clostridium
botulinum for Food MicroModel

B01021

30,60230-Jun-0101-Jun-99University of
Wales Institute,
Cardiff

Determine exposure assessment and
modelling risks associated with the
preparation of poultry products in
institutional catering and the home

B01015

68,38931-Mar-0201-Apr-99Institute of
Food Research

Dynamic database on microbial
responses to common stresses in the
food chain

B01012
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B14 – Food-borne diseases

1. Background

The objectives of this programme are to increase understanding of foodborne disease and
to assess how specific food handling and production processes affect the survival, growth
and toxin formation of microorganisms in food. The aim is to enable government and
industry to assess objectively the hazards and risks from food-borne pathogens and to
assess the safety of food production processes and behaviours of the UK population in
consumer terms.

This programme began in 1998 and the last project is expected to be completed in
September 2003.

The cost for Programme B14 in financial year 2001/2002 was ca. £466k.

2. Outputs

The main achievements of this Programme during the past year are as follows:

B01009: An assessment of population changes in Salmonella enteritidis and the
emergence of strains with altered properties during food processing
and
B01010 & B01011: Evaluation of the risk of induction and selection of more stress tolerant
and virulent salmonellas by exposure to food production-related stress

A number of projects are concerned with the effects of mild food processing stresses on
bacterial populations and the possible emergence of strains that are more resistant to the
stresses themselves and/or are more virulent when consumed. This would reduce the
efficiency of the food process (e.g. by heat, acid or drying) and reduce the number of
bacteria required to establish infection in consumers. Evidence is accumulating that the
exposure of populations of pathogens to successive cycles of stress followed by growth
under non-stress conditions increases the resistance of the population from its original
state. This increase is intimately connected with the rpoS status of the culture. The rpoS
gene is a global regulator gene that is switched on when bacterial cells go from an
exponential mode of growth (doubling at each generation) to a non-growing or stationary
phase, the latter cells becoming more resistant to environmental stresses. Natural isolates
of S. typhimurium or S. enteritidis may be categorised as sensitive or tolerant to stress and
both may increase their resistance through stress cycling. The genetic basis of these changes
is being elucidated. The sensitive strains appear to be lacking a functional rpoS gene (rpoS-
), while the tolerant strains are rpoS+. The increase in resistance in rpoS- strains may be due
to mutations that restore the rpoS function. Of particular interest is the observation that a
mutator strain of S. enteritidis (i.e. one that has a much higher rate of spontaneous mutation
than normal strains) did not become more heat resistant following 20 cycles of heating and
regrowth. This contradicts the view that the mutator phenotype confers a survival
advantage under changing conditions. The findings have confirmed that Salmonella strains
can develop increased stress resistance when experiencing intermittent exposure to
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stressful followed by non-stressful conditions. However, strains which attain increased acid
resistance in this manner are not necessarily more virulent in a mouse model of systemic
Salmonella infection.

A simple colony screening test has been developed that will distinguish between stress-
sensitive and stress-resistant strains. This is essential when using test strains to validate novel
or conventional methods of food preservation. It was found that the development of
enhanced heat-resistance in Salmonella did not occur more readily in strains that had a
higher than normal rate of mutation. However, under constant temperature conditions, the
heating times needed to inactivate heat-cycled strains was about twice that needed for non-
cycled strains.

B01007: Development and study of tests to differentiate between tolerant and sensitive
isolates of Salmonella and Escherichia coli O157

The aim was to develop simple, standardised laboratory tests to distinguish between isolates
of salmonellae and E. coli 0157 that are tolerant or sensitive to food production-related
processes. Tolerant strains are more likely to survive such processes and to show enhanced
virulence. It is now possible using a limited number of tests to characterise isolates into
various categories of tolerance to production stresses.

B01008: Post stress detection of cold and hypochlorite stress proteins in Salmonella
typhimurium

Food-borne pathogens such as S. typhimurium respond to harmful environments by
activating stress responses. This results in an altered profile of protein synthesis including
often the formation of proteins not present in the unstressed bacteria. By analysing the
protein profile it may be possible to determine what stresses have been experienced and
therefore the history of the food may be used to demonstrate that a food has been
contaminated before or after the production-related stress was applied. A number of
proteins have been identified which either remain constant through cold shock or are
present only after application of the stress. The genes that code for these proteins have
been cloned and antibodies to the proteins made to form the basis of a chemiluminescent
reporter system. The detection limit was 105 cold-shocked cells. Further refinement is
necessary before the system can be applied in a commercial context and industrial partners
are being sought.

B01013: Genotypic subtyping of multiresistant Salmonella typhimurium DT 104 from food
animals and humans

In the tracing of human infections back to their source e.g. from the manufacturing
environment, farm etc., it is necessary to be able to separate bacterial species or strains into
a sufficiently large number of subtypes that the offending organism can be identified with a
reasonable degree of certainty. At the beginning of this project the methods in use to sub-
divide Salmonella phage types when applied to S. typhimurium DT104 placed more than
95% of the isolates in a single group. This project aimed to compare a number of molecular
techniques e.g. plasmid profiling, pulsed field gel electrophoresis, fluorescent amplified
fragment length polymorphisms and sequence polymorphisms in a gene conferring
resistance to the antibiotic ciprofloxacin. Various combinations of these methods applied to
S. typhimurium DT104 have been successful in the development of subtyping schemes to
differentiate between isolates and has been applied to tracing the source of an outbreak of
human illness.



B03014: Whole genome analysis fluorescent AFLP: identification of post speciality genes
of Campylobacter and their values as epidemiology markers

In order to understand the sources of Campylobacter food poisoning and how it is spread,
we need good epidemiological tools. We have therefore funded the development of the
fingerprinting technique fluorescent amplified fragment length polymorphism (fAFLP) and
applied it to Campylobacter as an identification method. The method was used to
fingerprint Campylobacter strains from poultry, cattle, pigs, humans and meat on retail sale,
to look for evidence of host-specificity or host-association. The work has identified
Campylobacter “finger prints” which are associated with particular animal hosts. The findings
support the view that fAFLP is a very precise, accurate and valid genotyping system and this
work has made it available for the first time for Campylobacter. It is a useful tool for
epidemiological studies and for tracing campylobacters through the food chain.

B08006: Ascertainment and enhancement of gastrointestinal infection surveillance and
statistics (AEGISS)

There is a need for enhanced surveillance of gastroenteritis in humans including the
enhancement of outbreak ascertainment and better linkage between information on
aetiological agents, routes of infection and risk factors. By focussing on one area of the UK
this study is providing an indication of what might be achieved in terms of enhanced
surveillance for gastrointestinal infections through bringing together improved detection
and notification of cases of gastrointestinal illness by GPs and spatial and temporal analysis
of the data. This study is successfully gathering data from participating GPs, patients and
laboratories and the statistical analysis tool is being developed using real time data. A
website is also being developed to feedback information to the GPs.

B09009: Develop and validate standard method to detect Cryptosporidium, Cyclospora
and other parasitic protozoa on fruit and vegetables

The standard methods developed to detect oocysts of Cryptosporidium and cysts of
Giardia intestinalis [(oo)cysts] have now been validated by the completion of an inter-
laboratory collaborative trial. 

3. Dissemination Activities

Results from this Programme are being disseminated in the scientific literature and by
presentation at colloquia, workshops and national and international meetings. The
programme produced two peer-reviewed publications in 2001/2002 and several others
have been submitted for publication.

4. Future Activity

No further research will be commissioned under this programme. The current programme
will be completed in the 2003/2004 financial year.
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5. Comments

The Programme Adviser is Professor Bevan Moseley OBE

The contact for further information is:

Dr Andrea Belcher, Microbiological Safety Division
(Tel: 020 7276 8962; Email: andrea.belcher@foodstandards.gsi.gov.uk)

6. Publications

Walker, R. A., Lawson, A. J., Lindsay, E. A., Ward, L. R., Wright, P. A., Bolton, F. J., Wareing, D. R.,
Corkish, J. D., Davies, R. H., Threlfall, E. J. (2000) Decreased susceptibility to ciprofloxacin in
outbreak-associated multiresistant Salmonella typhimurium DT104. Vet Rec 147(14):395-6.

Desai, M., Logan, J. M., Frost, J. A., Stanley, J. (2001) Genome sequence-based fluorescent
amplified fragment length polymorphism of Campylobacter jejuni, its relationship to
serotyping, and its implications for epidemiological analysis. J. Clin. Microbiol. 39:3823-3829.

Papers have also been presented at the various workshops listed below.

Logan, J. M., Hopkins, K. L., Desai, M., Frost, J. A., Stanley, J. (2001) FAFLP genotyping of
Campylobacter jejuni and Campylobacter coli from humans and animals. PHLS 26th Annual
Scientific Conference, 17-19 September, University of Warwick, UK, Session 11 PHLS/VLA
initiative in food-borne zoonoses – Oral presentation.

Hopkins, K. L., Logan, J. M., Desai, M., Frost J. A., Stanley, J. (2001) FAFLP genotyping of
Campylobacter jejuni and Campylobacter coli from humans and animals. 11th International
Workshop on Campylobacter, Helicobacter and related organisms. September 1-5, Freiburg,
Germany, Poster Abstract H21.

Wilkinson, N., Paton, C., Barker, K., Nicholls, R., Cook, N., Smith H. (2001) Development of a
standard method to detect Cryptosporidium oocysts on soft fruit and Giardia cysts on salad
vegetables. Poster presentation and abstract at International Association for Food
Protection meeting in August 2001.
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

466,181TOTAL

122,00331-Oct-0101-May-99Scottish
Parasite
Diagnostic
Laboratory

Develop and validate standard
method to detect Cryptosporidium,
Cyclospora and other parasitic
protozoa on fruit and vegetables

B09009

24,51830-Jun-0101-Jul-98Public Health
Laboratory
Service 

Evaluation of the risk of induction and
selection of more stress tolerant and
virulent salmonellas by exposure to
food production-related stress

B01011

8,57231-Mar-0101-Jul-98Centre for
Applied
Microbiological
Research 

Evaluation of the risk of induction and
selection of more stress tolerant and
virulent salmonellas by exposure to
food production-related stress

B01010

26,01231-Oct-0101-Apr-98Institute of
Food Research

Assessment of population changes in
Salmonella enteritidis and the
emergence of strains with altered
properties during food processing

B01009

25,74730-Jun-0101-Jul-98Public Health
Laboratory
Service 

Development and study of tests to
differentiate between tolerant and
sensitive isolates of Salmonella and
Escherichia coli O157

B01007

59,48303-Nov-0101-Oct-98University of
Edinburgh

Post stress detection of cold and
hypochlorite stress proteins in
Salmonella typhimurium

B01008

141,12730-Sep-0301-Jan-00Public Health
Laboratory
Service 

Ascertainment and enhancement of
gastrointestinal infection surveillance
and statistics (AEGISS)

B08006

23,28731-Aug-0101-Jun-00Public Health
Laboratory
Service

Whole genome analysis fluorescent
AFLP: identification of post speciality
genes of Campylobacter and their
values as epidemiological markers

B03014

35,43231-Mar-0215-Jun-99Public Health
Laboratory
Service 

Genotypic subtyping of multiresistant
Salmonella typhimurium DT 104 from
food animals and humans

B01013



B15 – Eggs and poultry

1. Background

This programme contains separate sub-programmes of research on eggs and poultry.

Eggs

Salmonella contamination of eggs was one of the main microbiological food safety issues
of the 1990s. Despite the significant effort directed at reducing the Salmonella
contamination of eggs, there is the need for further research in this area. The research in the
egg sub-programme has been commissioned to provide data that will inform measures to
further reduce such contamination and consumers exposure to it.

Poultry

In recent years, much effort has been devoted to improving hygiene on poultry farms and
throughout the processing, distribution and retail chains. The industry has introduced
stringent measures which have reduced the levels of Salmonella contamination in raw
poultry. However, these control measures have had less effect on Campylobacter in poultry
and levels of this organism remain high. Research in the poultry programme aims to identify
control measures which will reduce the levels of Salmonella and Campylobacter in
chickens. In particular, individual projects are in progress to identify critical points for the
infection of live birds or contamination of poultry carcasses with Campylobacter and
Salmonella and assess the efficacy of water disinfection systems for broiler units. Also a
series of studies have been commissioned to review the available information on
Campylobacter and Salmonella in broiler production, crate washing and testing and
scheduling of poultry flocks at slaughter.

This Programme began in 1998 and the last project is due to be completed in September
2003.

The cost for Programme B15 in financial year 2001/2002 was ca. £455k.

2. Outputs

The main achievements of this Programme during the past year are as follows:

Eggs

B03016: Cross contamination from the external surface of eggs in relation to risk of
exposure to Salmonella

It is likely that with the vast majority of contaminated eggs the organism is on, rather than
in, the egg. Although there is an obvious cross contamination risk from this external
contamination there is little information available to allow an assessment of this risk. This
project aims to consider the survival behaviour of Salmonella strains on the surface of the
egg and the extent to which transfer from the egg shell occurs during handling and food
preparation. These factors will be investigated by determining the survival of Salmonella at
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different temperatures and relative humidities and the extent of transfer to hands, into egg
contents on breaking and onto food preparation and egg storage surfaces. The possibility
that Salmonella enter a putative “viable non-recoverable” state during survival on eggs will
also be investigated.

B03017: A review of commercial egg washing with particular emphasis on the control of
Salmonella

Washing of shell eggs for human consumption, as opposed to washing eggs destined for
further processing, is illegal in the UK, although it is allowed elsewhere in the world, for
example Japan and the USA. This work was commissioned as a follow-up to a previous
report which considered egg washing and which suggested that the egg washing systems
available at the time required a number of technical improvements to ensure that the
process could be carried out properly. Therefore the objectives of this research project were
to examine the available data on the effectiveness of egg washing, assess currently available
egg washing technology and address the ability of egg washing to reduce the level of
Salmonella present on the shell. The review of scientific and technical literature has been
completed and there has been technical visits to the US and Japan. Experiments on the
effect of egg washing on the numbers of Salmonella present on the shell and the possible
transfer of Salmonella through the eggshell are underway.

B03018: Pilot study to estimate the nature and extent of adherence to government
guidance on safe egg use in the catering industry

Since the 1980’s there has been public, industry and Government concern over the safety of
the UK egg supply. This concern led directly to the Chief Medical Officer of Health advising
the public that foods containing raw eggs should be avoided and that for vulnerable groups
all eggs should be thoroughly cooked. In 1993 the Advisory Committee on the
Microbiological Safety of Food (ACMSF) produced a ‘Report on Salmonella in Eggs’ which
offered further, specific guidance and made recommendations for the catering industry.

This project aimed to obtain preliminary data concerning the nature and extent of
adherence to Government guidelines through a pilot study. It was designed to overcome
some of the main methodological hurdles to research in the ‘catering’ industry by identifying
clearly the sectors to be investigated, taking a representative sample within each sector and
using an investigative case study approach to data collection. Evidence from on-site
interviews, observation and examination of documentation was subsequently analysed and
reviewed. The final report presents data on the levels of awareness and practice of safe
handling and storage of eggs and foods containing eggs, the use of pasteurised egg products
and awareness of egg safety as an element of food hygiene training.

Poultry

B03008: Identify critical points for infection of live birds or contamination of poultry
carcasses with campylobacters and salmonellae

This project is complementing previous efforts in B03001 and B03003. Its original concept
was to identify the major sources of flock infection. Extensive samples have been taken at
various stages from the hatchery through to packaging of the raw poultry. Air samples have
also been taken at the broiler farm and from the processing plant. The project is
concentrating on Campylobacter as very few samples have been found to contain
Salmonella. The results to date indicate that Campylobacter is nearly always present in the
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broiler farm environment, regardless of the status of the flock. Strains known to be
associated with human infection were isolated from puddles and cow faeces. Air sampling
has shown Campylobacter is only present in the air when the birds become positive. Flocks
and individual birds may be colonised by between 1 and 3 sub- types and breeder and broiler
flocks are colonised by unique strains or sub types indicating Campylobacter is not
transferred by vertical transmission. Campylobacter was found in all areas of the processing
plant, even when the birds being slaughtered were negative. Also the environment was
contaminated with a mixture of Campylobacter strains from the birds being slaughtered and,
presumably, from previous flocks.

The project has evolved into a comparison of farmer performance in terms of
Campylobacter flock status and this has been shown to differ markedly. A preliminary
comparison of husbandry practices and Campylobacter status of flocks has indicated there
may be some relationship between good flock health and the production of Campylobacter
negative flocks. Farms with better animal welfare (as measured by mortality and rejects) and
litter quality (as measured by the incidence of hock burn and pad burn) appear to be more
likely to produce Campylobacter negative flocks, but this requires further investigation.

B03010: Efficacy of water disinfection systems for broiler production

This project aims to investigate the importance of water delivery systems in the infection of
birds with Campylobacter and Salmonella. It will also consider current and potential
cleaning and disinfectant regimes. Samples from the birds and the broiler environment
including the line water, drinker surfaces and water lines have been tested for Salmonella
and Campylobacter. No Salmonella were found but Campylobacter were present in
samples from the birds, faeces, swabs from drinker surfaces and end of line swabs. Following
the introduction of improved isolation techniques, Campylobacter were found in the
header tanks, water lines and nipple drinkers, mainly from those farms supplied by private
water. Typing by pulsed field electrophoresis has shown that in 3 of 4 farms the same strains
were found in the water and the flock. Further investigations are required to determine
whether the water contaminates the birds or visa versa. Preliminary investigations have
shown Campylobacter is removed by routine disinfection between flocks.

B01005: Variations in the virulence of Campylobacter jejuni strains associated with
poultry and poultry meat

An assay has been developed using human foetal intestinal INT407 cells to measure the
invasiveness of Campylobacter jejuni isolates from poultry, poultry housing and surrounding
environments. Over 100 isolates have been tested for invasiveness, the most highly invasive
being more than 200 times as invasive as others. Studies suggest that although such
variations do exist among campylobacters they are not influenced by exposure to
environmental or production related stresses. The genetic basis for invasiveness and the
invasive potential of strains isolated from human infection are currently under study.

3. Dissemination Activities

Results from this programme and its predecessor, B03 (Assessing and managing the hazards
and risks from Campylobacter spp. And Campylobacter spp. In poultry from farm to fork)
have been, and are being, disseminated in the scientific literature and by presentation at
colloquia, workshops, and national and international meetings. Stakeholder Groups,
including a specific group for researchers, have been established to assist the Agency in its



work on Campylobacter and Salmonella in poultry. These Groups will discuss the Agency’s
research in this area as appropriate.

4. Future Activity

The Agency is developing and implementing strategies for the reduction of Salmonella and
Campylobacter in chickens. These strategies and the review studies commissioned as part
of the work will help identify new areas for research. The Programme will take account of
these and results obtained from current projects. The current programme will be completed
in the 2003/2004 financial year.

5. Comments

The contacts for further information are:

Eggs Programme

Dr Andrea Belcher, Microbiological Safety Division
(Tel: 020 7276 8962; Email: andrea.belcher@foodstandards.gsi.gov.uk)

Poultry Programme

Dr Linden Jack, Microbiological Safety Division
(Tel: 020 7276 8941; Email: linden.jack@foodstandards.gsi.gov.uk)
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

454,702TOTAL

16,52331-Jul-011-Oct-00University of
Salford

Pilot study to estimate the nature and
extent of adherence to government
guidance on safe egg use in the
catering industry

B03018

19,8172-Jul-022-Jan-02University of
Bristol

Biosecurity on the broiler farm as an
anti-Salmonella control agent

ZB00034

19,5052-Jul-022-Jan-02University of
Bristol

Poultry transport crate hygieneZB00033

33,79830-Apr-032-Jan-02Veterinary
Laboratories
Agency

Current status of, and future
developments for Campylobacter
biosecurity at the broiler farm

ZB00030

23,3162-Jul-022-Jan-02ADAS
Consulting
Limited

Review of testing and scheduling
practices for Salmonella and
Campylobacter undertaken by the UK
poultry industry and to determine the
factors affecting their use

ZB00023

10,22430-Jun-021-Oct-99University of
Aberdeen

Efficiency of water disinfection
systems for broiler production units

B03010

19,81231-Mar-011-Apr-98Veterinary
Laboratories
Agency

Variations in the virulence of
Campylobacter jejuni strains associated
with poultry and poultry meat

B01005

91,70930-Sep-021-Oct-00ADAS
Consulting
Limited

A review of commercial egg washing
with particular emphasis on the
control of Salmonella

B03017

28,11230-Sep-031-Sep-00University of
North London

Cross contamination from the external
surface of eggs in relation to risk of
exposure to Salmonella

B03016

49,47731-Jan-031-Aug-01Public Health
Laboratory
Service

A study to examine the egg-to-egg
variations in the growth of Salmonella
spp. In egg contents

B03015

142,40930-Nov-021-Nov-99Public Health
Laboratory
Service 

Identify critical points for infection of
live birds or contamination of poultry
carcasses with Campylobacter and
Salmonella

B03008



B16 – Shellfish hygiene

1. Background

Bivalve molluscan shellfish – oysters, mussels, clams, cockles and scallops – are filter
feeders and can present a significant health risk when consumed raw or lightly cooked. This
is because they accumulate micro-organisms, including human pathogenic bacteria and
viruses, when grown in sewage-polluted waters. They can also concentrate marine biotoxins
produced by some naturally occurring planktonic algae. Bivalve molluscs therefore require
specific and targeted control measures to reduce the potential risks to human health.

Commercial heat treatment and self purification processes (depuration) are conventionally
used to reduce the disease hazard from contaminated shellfish, heat treatment is fully
effective provided it is properly carried out. However, while depuration appears to be
effective in removing bacteria from shellfish, human viruses are not rapidly removed by
these practices. As a consequence, outbreaks of viral gastroenteritis linked to the
consumption of bivalve molluscs are common in most parts of the world.

Directive 91/492/EEC lays down the hygiene requirements for the production and marketing
of live bivalve molluscs. They are implemented by the Food Safety (Fishery Products and
Live Shellfish) (Hygiene) Regulations 1998. The Directive stipulates end product standards,
which all shellfish sold to the consumer must meet, either directly from the harvesting area
or following commercial processing. As part of the controls to protect public health the
Directive requires all harvesting areas to be classified according to the degree of faecal
pollution, assessed by analysis of shellfish flesh. The Directive also requires a monitoring
programme of shellfish relaying and production areas to be established to check for the
possible presence of toxin producing plankton in the water and biotoxins in the shellfish
flesh. As the UK competent authority, the Food Standards Agency is responsible for carrying
out classification of shellfish harvesting areas in England and Wales, as well as monitoring of
these areas for the presence of algae and marine biotoxins. Similar programmes are carried
out in Scotland and Northern Ireland.

The objectives of this research programme are:

• To develop faecal pollution indicator organisms more representative of the behaviour of
viral pathogens than the bacterial indicators currently in use, in particular their practical
application in the classification of harvesting areas, depuration and end product
assessment;

• To develop simple methods for the isolation and detection of viruses in shellfish,
particularly those causing human illness;

• To investigate the behaviour of viruses during sewage treatment processes with a view to
optimising virus removal; and

• To investigate the behaviour of viruses during the depuration process in order to
maximise virus removal, with a view to issuing guidance to operators on depuration
requirements.

The programme commenced in 2000 and is expected to run till 2004

Food-borne Illness
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The cost of Programme B16 in financial year 2001/2002 was ca. £980k.

2. Outputs

The shellfish hygiene programme focuses on two distinct areas of research; the first being
biotoxins and the second viruses.

Biotoxins

B04004: Development of methods for and survey of recently discovered toxins in UK
shellfish

Recently discovered shellfish toxins, including azaspiracids, spirolides, pectenotoxins,
yessotoxins and free fatty acids will be isolated from shellfish to aid in the production of
toxin standards and reference material and to develop instrumental analytical methods for
their detection. Cultures of phytoplankton will also be analysed for the presence of
yessotoxin. The project will also investigate the frequency of the occurrence of these
diarrhetic shellfish poisoning (DSP) toxins in UK shellfish during a two-year survey.

B04005: Correlation between algal presence in water and toxin presence in shellfish

Phytoplankton are single celled microscopic algae, some of which can produce toxins. Shellfish
that feed on these algae can be rendered toxic and pose a serious health risk to humans that
consume them. This project aims to examine the relationship between phytoplankton cell
numbers in the environment and toxin levels in shellfish by establishing a high frequency
sampling programme for both shellfish flesh and toxic phytoplankton. Samples for genetic
analysis will also be taken to determine if any differences exist between the molecular make
up of these toxin-producing cells from different regions. During the first year of fieldwork,
increases in toxin levels in shellfish flesh were observed while potential toxin producing
phytoplankton were recorded in the water column. The survey of phytoplankton and shellfish
toxicity from the three UK sites selected continues for a second year.

B04006: Assessment and validation of a commercial, rapid qualitative assay (MIST Alert)
for the detection of amnesic and paralytic shellfish poisons in the UK monitoring
programme and as an end-product test

Under UK and EU legislation there is a requirement to monitor shellfish for presence of
amnesic shellfish poisoning (ASP) and paralytic shellfish poisoning (PSP). There is a need for
a fast, reliable, robust and accurate screening technique for the detection of these toxins.
The purpose of this project is to assess and validate a commercial kit that uses
immunochromatography, in a dipstick format (MIST Alert) for use in the UK monitoring
programme and in end product testing to detect ASP and PSP toxins. The kits were used to
qualitatively assess the presence of shellfish toxins in a variety of shellfish including mussels,
scallops, oysters, cockles and razor fish while routine methods of detection were
simultaneously used to quantify any toxin present. This involved a series of trials, conducted
alongside the monitoring programme, where the results generated from the dipstick kits has
been compared to those from the monitoring programme. All positive samples from the
monitoring programme were successfully identified. Shellfish farmers and other
professionals in the industry also used these test strips successfully with all positive samples
being correctly identified. The kits may have the potential to increase efficiency and reduce
costs of the shellfish monitoring.
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B04007 and B04010: Assessment, development and validation of alternative methods for
the determination of PSP, DSP and ASP toxins using LC-MS-MS and LC-MS

This project is a collaboration between FRS Marine Laboratory (Aberdeen) and LGC
(Teddington) to compare two liquid chromatography mass spectrometry methods (LC-MS
and LC-MS-MS) with conventional high-performance liquid chromatography (HPLC) and
their application in routine biotoxin monitoring situations. The biotoxins of concern in this
project cause amnesic, diarrhetic and paralytic shellfish poisoning, which have shown to
cause human intoxication. Methods have been developed and validated for the analysis of
ASP and DSP toxins in scallop and mussel tissue by LC-MS and LC-MS-MS. These methods
continue to be compared with the traditional HPLC methods and work is ongoing on the
development and evaluation of LC-MS methods for the determination of PSP toxins in
shellfish.

Viruses

B04001: The development of improved, simplified and standardised PCR based
techniques for the detection of Small Round Structured (Norwalk-like) Viruses and
Hepatitis A Virus in molluscan shellfish

The successful detection of enteric viral pathogens such as Norwalk-like virus (NLV) and
Hepatitis A (HAV) in molluscan shellfish relies on PCR based techniques. Molecular
approaches available tend to be complex, poorly standardised and unable to be used in
routine testing laboratories. This project aims to develop an improved, simplified and
standardised molecular method for the detection of these viruses in molluscan shellfish
that could be used in the food control context.

B04002: Development of procedures for improved viral reduction in oysters during
commercial depuration

Despite the widespread use of depuration throughout the world outbreaks of viral illness
occur following the consumption of purified oysters. Conventional commercial depuration
methods remove E. coli, the traditional indicator in shellfish, but viruses persist. The most
frequent cause of gastro-intestinal disease associated with eating oysters is from Norwalk-
like Virus (NLV), especially as oysters tend to be eaten raw or lightly cooked. Difficulty in
detecting these viruses has hindered research into viral depuration.

This project aims to develop procedures for the removal of viruses by using an alternative
indicator for NLVs such as the male specific RNA (FRNA) bacteriophages. Depurated oysters
that are free from FRNA bacteriophage levels would also be likely to be free from NLV. Work
continues to investigate the practical potential for using elevated temperature in
commercial depuration systems to increase the rate of viral depuration. Results to date
demonstrate that oysters depurated at elevated temperature have significantly reduced viral
load compared with oysters depurated at ambient temperature. Depuration at elevated
temperature in the winter months appears to be a practical public health measure both in
terms of cost and product quality and may make a significant contribution to the viral
quality of oysters depurated this way.
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B04003: Developing methods for the isolation and detection of viruses in shellfish,
particularly NLVs

The major cause of outbreaks of viral gastroenteritis is the Norwalk-like viruses (NLVs).
Foodborne virus outbreaks are associated with the consumption of raw oysters and the
consumption of food contaminated by infected food handlers. Electron microscopy remains
the only catch-all method of identifying viruses causing gastroenteritis, but it is not
sufficiently sensitive to detect viruses in food. We have therefore funded the development
of a simple, rapid and inexpensive assay method Enzyme-Linked Immunosorbent Assay
(ELISA), to detect NLV contamination of shellfish and other foods as an alternative to
electron microscopy.

The assay will potentially have applications in:

• the food industry – to monitor shellfish contamination and the effectiveness of
depuration processes

• the water industry – to monitor contamination levels in coastal waters from testing
shellfish beds

• diagnostic labs – to monitor the incidence of viral gastroenteritis from clinical samples.

The work will have public health importance by providing further information on the
prevalence of NLVs. This will help in assessing interventions aimed at reducing the incidence
of viral gastroenteritis.

B04008: Application and validation of techniques for the detection of pathogens in
shellfish

This project aims to modify and validate rapid and simple methods for the detection of
specific pathogens in shellfish (including Escherichia coli O157, Cryptosporidium parvum,
Vibrio parahaemolyticus) and to apply these to UK harvested shellfish. The conditions
required to remove these specific pathogens from the shellfish during commercial
depuration procedures will be investigated.

B04009: Evaluation and validation of alternative indicators of viral contamination in
bivalve molluscan shellfish

The public health risk associated with the consumption of molluscan shellfish is well
documented and the use of Escherichia coli as the recommended indicator for the microbial
contamination of shellfish has been frequently questioned. The most frequent cause of
disease associated with eating shellfish is from Norwalk-like Virus (NLV) causing
gastroenteritis and Hepatitis A virus (HAV), especially when shellfish are eaten raw or lightly
cooked. The work objectives are to evaluate and validate the use of alternative viral
indicator organism candidates that can more accurately predict the likely virus
contamination associated with sewage contaminated shellfish and shellfish sold for direct
human consumption. Candidates under evaluation include various bacteriophage (including
FRNA bacteriophage), adenovirus and enteroviruses. 
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B05001: Survival of Norwalk-like viruses & potential viral indicators in sewage treatment
processes & in marine environments

There is a public health hazard associated with consuming shellfish such as mussels or
oysters, that have grown in sewage polluted waters and that are eaten raw or lightly cooked.
The main cause of shellfish related gastro-intestinal disease is from viruses, in particular
Norwalk-like virus (NLV) causing gastroenteritis and Hepatitis A virus (HAV). Despite their
importance as agents of foodborne viral illness, little is known about the behaviour, or
survival characteristics of these viruses in the sewage treatment processes, in the
environment following discharge, or in contaminated foods such as shellfish. Most
information has been provided in the past from traditional indicators of contamination such
as E. coli and faecal coliforms. Consequently, the overall objective of this project is to
provide a better understanding of:

• the characteristics of Norwalk-like virus (NLV) occurrence in crude sewage effluents,
• their inactivation or removal during passage through conventional sewage treatment

processes (primary and secondary),
• their subsequent survival in the marine environment following discharge, and
• their ultimate uptake by shellfish.

3. Dissemination Activities

Results from this Programme are being disseminated in the scientific literature and by
presentation at colloquia, workshops and national and international meetings. The
programme is in the process of submitting papers for peer-reviewed publications and other
publications. Papers and posters have also been presented at the various workshops and
conferences include:

• The Food Authority and Safety International Symposium (FASIS), in Nantes, France 28-30
November 2001.

• Research into Viral Elimination during Depuration. Shellfish Association of Great Britain.
London 20 March 2001.

• 4th International Conference on Molluscan Shellfish Safety in Spain 4-8 June 2002,
Santiago de Compostela, Spain.

• Papers are in preparation for the Xth International Conference on Harmful Algae, 20-25
October 2002, St Petersburg, Florida.

4. Future Activity

There will be a need to encourage the incorporation of this research as standards in EC
shellfish hygiene control measures.

5. Comments

The programme manager and contact for further information is:

Dr Kathryn Callaghan, Microbiological safety Division
(Tel: 020 7276 8943: Email micro.research@foodstandards.gsi.gov.uk)



6. Publications

The Food Authority and Safety International Symposium (FASIS), in Nantes, France 28-30
November 2001.

Research into Viral Elimination during Depuration. Shellfish Association of Great Britain.
London 20 March 2001.

4th International Conference on Molluscan Shellfish Safety in Spain 4-8 June 2002, Santiago
de Compostela, Spain.

Papers are in preparation for the Xth International conference on Harmful Algae, 20-25
October 2002, St Petersburg, Florida.

Henshilwood, K., Lees, D. (2001) The Use of Molecular Techniques for Monitoring Enteric
Virus Contamination of Shellfish Harvesting Areas. Oral presentation: 5th Annual Meeting of
the European Society of Clinical Virologists Lahti, Finland.

Lees, D., (2001) The Use of Molecular Techniques for Monitoring Enteric Virus Contamination
of Shellfish Harvesting Areas. Oral presentation : Association of Scottish Shellfish Growers.
Oban, Scotland. (10th October 2001).

Lees, D., Henshilwood, K. (2001) Contamination of Shellfish Harvesting Areas. Oral
presentation: Annual Scientific Meeting of the Association of Clinical Microbiologists, 17th
October 2001, Central Public Health Laboratory, Colindale Avenue, London.

Rangdale, R. E. (2001) Microbiological Indicators of Faecal Contamination in Shellfish
Harvesting Areas. Oral presentation Environment Agency Workshop, CEFAS Weymouth
Dorset. UK. (3rd July 2001).

Lees, D. N. (2001) Norwalk-like Virus Contamination of Shellfish and the Development of
Better Regulatory Controls. Oral presentation: Recents Avenços En La Transmissio De Virus
A Traves Del Mediambibient. University of Barcelona, Spain. (22nd October 2001).

Lees, D. N. (2002) Viruses and Bivalve Shellfish: Where do we go from here. Keynote oral
presentation: 4th International Conference on Molluscan Shellfish Safety, June 4-8 2002,
Santiago de Compostela, Galicia, Spain.

Henshilwood, K., Cross, L., Lees, D. N. (2002) The Survival of Norwalk-like Virus and Potential
Viral Indicators in Sewage Treatment Processes and in the Marine Environment. Oral
presentation: IWA 3rd World Water Congress, Melbourne, Australia (7-12 April 2002).

Cross, L., Henshilwood, K., Lees, D. N. (2001) The Development of Quantitative Molecular
Assays for Determination of Enteric Viral Load within Environmental Samples. Poster
presentation Winchester University: Conference on Real-Time PCR (September 2001).
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

979,649TOTAL

119,22431-Aug-021-Sep-99CEFASSurvival of Norwalk-like viruses and
potential viral indicators in sewage
treatment processes and in marine
environment

B05001

61,11815-Oct-0216-Oct-00FRS Marine
Laboratory

Assessment, development and
validation of alternative methods for
the determination of PSP, DSP and ASP
toxins using LC-MS

B04010

92,92431-Dec-023-Jan-01CEFASEvaluation and validation of
alternative indicators of viral
contamination in bivalve molluscan
shellfish

B04009

81,66031-Dec-021-Aug-00University of
Aberdeen

Application and validation of
techniques for the detection of
pathogens in shellfish

B04008

94,07215-Oct-0216-Oct-00Laboratory
of the
Government
Chemist

Assessment, development and
validation of alternative methods for
the determination of PSP, DSP and ASP
toxins using LC-MS

B04007

92,71231-Jul-021-Aug-00FRS Marine
Laboratory

Assessment and validation of a
commercial, rapid qualitative assay
(MIST Alert) for the detection of
amnesic and paralytic shellfish poisons
in the UK monitoring programme and
as an end-product test

B04006

120,07430-Nov-031-Oct-00FRS Marine
Laboratory

Correlation between algal presence in
water and toxin presence in shellfish

B04005

73,97231-Dec-043-Jan-01FRS Marine
Laboratory

Development of methods for and
survey of recently discovered toxins
in UK shellfish

B04004

51,72231-Mar-031-Apr-00University of
Southampton

Developing methods for the isolation
and detection of viruses in shellfish,
particularly SRSVs

B04003

96,348 30-Apr-031-May-00CEFASDevelopment of procedures for
improved viral reduction in oysters
during commercial depuration.

B04002

95,823 30-Apr-031-May-00CEFASThe development of improved,
simplified and standardised PCR based
techniques for the detection of Small
Round Structured (Norwalk-like)
Viruses and Hepatitis A Virus in
molluscan shellfish.

B04001



B17– Organic Wastes

1. Background

Over the last few years there have been increasing concerns about the microbiological food
safety implications of the possible transfer of pathogens from organic waste (sewage sludge,
animal manure and abattoir waste) to the food chain. While these concerns mainly relate to
the agricultural use of these wastes and the potential contamination of fruit and vegetables
(many of which are consumed raw), there is also the issue of more indirect contamination
of shellfish beds via run-off of water from land and sewage discharge consent applications.

Despite the concerns that have been expressed, at present it is difficult to assess the relative
risk to the consumer from the agricultural use of organic wastes. The main purpose of this
programme is to provide the information that will enable the Food Standards Agency to
make such an assessment and to decide what action, if any, is required to protect public
health.

The programme commenced in 1999 and is expected to run until December 2004.

The cost for Programme B17 in financial year 2001/2002 was ca. £684k.

2. Outputs

Although organic waste is a common link, the programme is managed as two distinct parts;
the first dealing with waste on land and the second with waste in estuaries and the sea.

Land

The programme commenced in 1999 and an output that became available in 2000 was the
production of a report titled ‘A study on farm manure applications to agricultural land and
an assessment of the risks of pathogen transfer into the food chain’. The report highlighted
best practice in relation to manure/slurry storage and use on-farm and this information is
currently being used to help produce guidance for the industry.

An important component of the programme was the development, optimisation and
validation of methods to detect a range of pathogens in a variety of types of organic waste.
These methods are now available and are being used in the next stage of the work, which is
a survey of the presence (and levels) of these organisms in manures, slurries (B05003/4) and
abattoir wastes (B05008). They are also being used to enable the extent of survival and
death of organisms during the storage of manures and slurries (B05003/4). The final report
for B05008 will be available in  autumn 2002 and B05003/4 is due for completion in early
2003.

A review of the microbiological safety of irrigation water (B17001) and a project on risk
assessment associated with the use of organic waste on land (B17002) have also been
commissioned under this programme. B17001 is now complete and the final report is
available from the library. B17002 is due to finish in autumn 2002.
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Estuaries and the Sea

Identification of the source of contamination of shellfish beds is the major issue that is being
addressed. An assessment of methods for detecting whether organisms in shellfish are from
animal waste (i.e. from run-off from land) or human waste (i.e. from sewage treatment) has
been undertaken and the most promising are now being evaluated further (B05005).
Complementing this work, methodology for identifying where run-off may occur and
predicting whether this would impact on shellfish beds has been developed
(B05006/B05007). This modelling work is still in the preliminary stages, but is showing some
success. Work has also been completed to define and review the present process to assess
sewage discharge applications in respect to shellfisheries and to identify improvements to
this assessment package (B05002).

3. Dissemination Activities

The Organic Wastes on Land Steering Group meets every 6 months to discuss relevant
issues, share ideas regarding research and consider future plans. The group consists of
organic wastes project leaders, FSA project officers and representatives from the
Environment Agency and DEFRA who specialise in organic waste.

The Drafting Group on Guidance for Farm Manure Management and Food Safety held its
first meeting in March 2001 and has met several times this year. The group consists of organic
wastes project leaders, FSA project officers, other government representatives who
specialise in organic waste, the National Farmers Union, the Soil Association, the British
Retail Consortium and the Food and Drink Federation. A draft of the guidance was issued
for consultation in March 2002 and the consultation ends in June 2002. As a part of this
process a stakeholder workshop was held in March 2002. The guidance is due to be finalised
in the autumn.

Results from this programme are being disseminated in the scientific literature and by
presentation at colloquia, workshops and national and international meetings. The
programme is in the process of submitting papers for peer-reviewed publications and other
publications.

4. Future Activities

The Drafting Group on Guidance for Farm Manure Management and Food Safety plans to
publish the final version of the guidance in autumn 2002.

A review of the programme will take place in 2003.

5. Comments

The programme managers and contacts for further information are:

For land-based projects

Geraldine Hoad,
(Tel: 020 7276 8943; Email: geraldine.hoad@foodstandards.gsi.gov.uk)
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For sea-based projects

Dr Kathryn Callaghan,
(Tel: 020 7276 8943; Email: kathryn.callaghan@foodstandards.gsi.gov.uk)

Or contact Email: micro.research@foodstandards.gsi.gov.uk

6. Publications

Papers have also been presented at various workshops and conferences including:

The 4th International Conference on Molluscan Shellfish Safety, 4-8 June 2002, Santiago de
Compostela, Spain.

A poster entitled “Factors influencing faecal contamination of shellfisheries as determined
by statistical analysis of faecal indicator concentrations” was presented at the Health-
Related Water Microbiology Symposium in Paris, 3-6 July 2000.

Rangdale, R. E., Cross, N., Stockley, L., Henshilwood, K., Lees, D. N. The development of
procedures to distinguish between human and animal faecal contamination in shellfisheries.
Presented at the 4th International Conference on Molluscan Shellfish Safety in Spain, 4-8
June 2002, Santiago de Compostela, Spain.

Rangdale, R. E., Morgan O., Stockley, L., Lee, R. J., Henshilwood, K., Lees D.N. (2002) The
impact on fisheries of runoff from land receiving organic waste and procedures to
distinguish organic waste of animal and human origin in bivalve molluscan shellfish.
Presented as a poster at the Joint Scottish Environment Protection Agency and Environment
Agency Water Symposium, Blackpool, U.K.

Rangdale, R. E., Cross, N., Henshilwood, K., Lees, D. N. (2001) Methods to distinguish between
human and animal faecal contamination in shellfisheries. Health Related Water
Microbiology Working Group, Reading, UK.
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

683,528TOTAL

39,00231-Aug-0201-May-01WRC-NSF LtdAssessment of the risks to food safety
associated with spreading of animal
manure and abattoir waste on
agricultural land

B17002

57,56330-May-0201-May-01ADAS
Consulting
Limited

A review of the use of water in UK
agriculture and the potential risks to
food safety

B17001

108,58428-Feb-0201-Nov-99University of
Bristol

The levels of pathogens in abattoir
wastes

B05008

22,00030-Nov-0201-Jul-99CEFASEvaluation of the impact on
shellfisheries production of runoff
from land receiving organic wastes

B05007

68,90330-Nov-0201-Jul-99ADAS
Consulting
Limited

Evaluation of the impact on
shellfisheries production of runoff
from land receiving organic wastes

B05006

56,79531-Dec-0201-Aug-99CEFASDevelopment of procedures to
distinguish between human and animal
faecal contamination in shellfisheries

B05005

90,02531-Dec-0201-Jul-99University of
Southampton

Pathogens in organic wastes: their
levels and survival both during storage
and following application to
agricultural land

B05004

202,25631-Dec-0201-Jul-99ADAS
Consulting
Limited

Pathogens in organic wastes: their
levels and survival both during storage
and following application to
agricultural land

B05003

38,40031-Jul-0101-Oct-99CEFASEvaluation of methods for the
assessment of sewage discharge
consent applications with respect to
shell fisheries

B05002
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B18 – Microbiological surveillance
programme
1. Background

The microbiological surveillance programme aims to aid policy decisions, to monitor and
evaluate progress by providing information in support of the Food Standards Agency (FSA)
strategies to reduce food-borne illness and to reduce Salmonella contamination in UK
produced chickens. Surveillance projects we also undertaken in response to microbiological
food hazards and outbreaks of food-borne disease and following recommendations by the
Advisory Committee on the Microbiological Safety of Food (ACMSF). In addition, the FSA
has an obligation under EC legislation for the statutory monitoring of all shellfish production
areas in England and Wales for the presence of marine biotoxins.

The cost for Programme B18 in financial year 2001/2002 was ca. £941k.

2. Outputs

B18001 – Surveillance Programme for Algal Toxins in England and Wales

The Food Standards Agency has in place a statutory monitoring programme whereby
samples of shellfish are collected and tested for a range of marine biotoxins. Marine
biotoxins are produced by phytoplankton (microscopic algae) and can be accumulated in the
tissues of shellfish (mussels, oysters, cockles etc) that feed by filtering the algae out of the
water. If humans consume these shellfish, toxin related illness may occur, this may range
from headaches, vomiting and diarrhoea to neurological problems and in extreme cases
could lead to death. In order to ensure that the public does not consume contaminated
shellfish, and to meet its obligations under EC legislation, the Food Standards Agency runs a
surveillance programme to monitor algal toxins in shellfish flesh and water samples. The
information from the programme aids the closure of production areas when toxins are
detected above maximum permitted limits. There are currently three toxins that are tested
for in the UK, paralytic shellfish poisoning (PSP), diarrhetic shellfish poisoning (DSP) and
amnesic shellfish poisoning (ASP).

Monitoring Programme

The monitoring programme for algal biotoxins is a requirement of the Shellfish Hygiene
Directive 91/492/EEC which is implemented in England and Wales by the Food Safety
(Fishery Products and Live Shellfish Hygiene) Regulations as amended. This legislation
requires EU member states to monitor for the possible presence of toxin producing plankton
in production and relaying areas, and biotoxins in live bivalve molluscs.

Within England and Wales monitoring for algal biotoxins is divided into two programmes,
the flesh monitoring programme where samples of commercially harvested shellfish are
tested from each harvesting area, and water monitoring programme where fixed water
samples are collected from selected harvesting areas.



Dissemination Activities

The shellfish flesh and water monitoring results are disseminated weekly to all interested
parties.

B18002 – UK wide survey of Salmonella and Campylobacter contamination of fresh and
frozen chicken on retail sale

In its 1996 report on poultry meat, the Advisory Committee on the Microbiological Safety
of Food (ACMSF) recommended “that the Government considers conducting such further
microbiological surveillance of finished raw poultry meat at an appropriate time in the
future as is necessary to map progress towards the reduction and ultimate elimination of
pathogens”. (ACMSF 1996).

Surveys to assess the extent of Salmonella contamination of UK raw whole chicken have
been undertaken at regular intervals over at least 20 years. Contamination has fallen from
54% of chilled and 64% of frozen chicken in 1987 to 33% and 41% respectively in 1994 when
the last national survey was conducted. Based on these findings, the ACMSF also “saw no
reason in principle why the prevalence of Salmonella contamination in the finished raw
product should not within the next few years be reduced to a single figure percentage, on the
basis of existing technology” (ACMSF 1996).

At its launch in April 2000 the Food Standards Agency set itself a target of reducing
Salmonella contamination of retail UK chicken by 50% over the next 5 years. The overall aim
of this survey was to establish the prevalence of Salmonella in retail chicken and to provide
a baseline for the Agency’s chicken target. However, Campylobacter was also included in the
survey, firstly because it is recognised as a significant cause of food-borne disease. Secondly,
UK laboratory reports of the organism form a significant component of the baseline figure
for the food-borne disease target and thirdly, there is no comprehensive surveillance data
on Campylobacter contamination of retail chicken on a UK-wide basis.

4866 samples of fresh, frozen, whole and portioned chicken were purchased from over 1500
retail outlets throughout the UK, between April and June 2001. Retail outlets included major
retailers, butchers, grocers, market and farm stalls. Samples were purchased according to
market share. Samplers were only permitted to take a maximum of 5 samples from any one
store, and the samples were required to be different types of chicken.

Samples were sent to one of three laboratories and tested for the presence or absence of
Salmonella, and the presence or absence and levels of Campylobacter. All Salmonella
isolates and a proportion of the Campylobacter isolates were sent to reference laboratories
for serotyping, phage typing and screening for antimicrobial resistance.

The overall level of Salmonella contamination was 5.7%, which is much lower than in
previous national surveys of whole chicken. The overall level of contamination with
Campylobacter was 50%.

B09005: Review of microbiological methods in the food industry

Two surveys were undertaken as part of this project. One survey established the level of
testing that is being conducted in the United Kingdom, the types of foods tested and the
range of organisms. The other gathered information on what methods are being used, why
these have been chosen in preference to others and the personal views and opinions of the
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R03 – Radiological surveillance

1. Background

The purpose of the Radiological Surveillance Programme R03 for radionuclides in food is
two-fold:

• To verify that the level of radioactivity present in foods does not compromise food
safety and;

• Ensure that radiation exposure to consumers via their diet is well within EU dose limits.

The bulk of the monitoring takes place around nuclear sites and results are published in the
annual Radioactivity in Food and the Environment Report (RIFE). The surveillance
programme provides the only UK independent monitoring of the levels of radioactivity
found in foodstuffs. The routine annual surveillance is augmented by special projects and
surveys which fall into this Programme R03 and are reported below.

The cost of Programme R03 in financial year 2001/2002 was ca. £145k.

2. Outputs

In 2001-02 financial year there were 7 projects placed with 3 different contractors.

Previous surveys have shown that people can collect and eat large quantities of foods from
the wild. These foods include blackberries, mushrooms, nuts and elderberries and they may
be stored or frozen to eat throughout the rest of the year. Given the relatively large amounts
of these particular foods that might be consumed, there is the potential that even small
concentrations of radiation might result in significant doses. The previous survey was carried
out around nuclear power stations and the result showed that levels of artificially produced
radionuclides in these foods was very low. This survey (R03009) is being carried out well
away from nuclear industry sites and will investigate the levels of naturally occurring
radionuclides. This project was due to end in July 2002 but due to the foot and mouth
epidemic, which prevented access to some parts of the countryside, not all samples could
be collected and the project has been extended and will report in December 2002.

There is little information available on the concentration of naturally occurring
radionuclides, such as polonium-210, in fish and shellfish. This (R03010) was undertaken to
gain a better understanding of the extent of natural variation in seafood obtained from UK
waters. The information for this study will also be used to fulfil the UK obligations under the
Oslo and Paris Convention for the Protection of the Marine Environment of the North
Atlantic (OSPAR) Sintra Agreement to ensure that by 2020, ‘the concentrations of natural
radionuclides in the marine environment are close to ‘background’ levels.’ Samples of
commonly consumed seafood were obtained over a three-year period from a number of
locations around the UK, avoiding areas where natural radioactivity might be enhanced by
various industrial processes. The report confirms that there is large variation in natural
radionuclide concentrations between the same species (typically four-fold and up to

Research and Survey Programmes Annual Report 2002

98



26-fold) and different sites. The results show that the practice of using single generic UK
wide values for background concentrations of naturally occurring radionuclides in seafood
to calculate doses to consumers is questionable and a range of site specific values would be
more appropriate.

There is a paucity of monitoring data for tritium and carbon-14 (14C) in the aquatic
environment, yet these radionuclides can contribute significantly to consumer dose
(R03014). This three-year study is designed to provide a time series of data to show whether
these radionuclides accumulate or concentrate in seafoods. The study is due to report in
March 2003

The annual radiological surveillance report – Radioactivity in Food and the Environment –
is a technical document targeted at a scientific audience. In order to make the results of our
surveillance available to a wider audience, a project (R03011) has been started to produce
information leaflets containing five-year time trends showing the levels of radioactivity in
locally grown foods and the potential doses to consumers living around the main nuclear
sites. It is expected that the leaflets should be published at the end of 2002.

Uranium is a naturally occurring radionuclide present in rocks, soil and water. It is used in the
nuclear industry and can be released as waste from nuclear sites. In order to monitor levels
of uranium passing from the environment into the food chain the Agency undertakes a small
rolling programme (R03012) to analyse milk and other environmental samples from areas
known to have high natural levels of uranium or receive waste from the nuclear industry.
Results are published in the RIFE report and show that levels of uranium in milk are low, and
the distribution of uranium isotopes suggests that they are from natural sources and are not
enhanced by nuclear industry discharges.

Although the highest potential doses to consumers are expected to be found as a result of
eating above average amounts of locally grown food around nuclear sites, it is equally
important to establish baseline data to put the results into context (R03019). Foods grown
well away from nuclear sites are collected from a selection of towns throughout the UK and
combined in quantities that reflect their percentage in the national diet. These “total diet”
samples are analysed for levels of naturally occurring and man-made radionuclides. The
levels are used to calculate doses to members of the UK population eating average portions
of food from an average UK diet. These results are reported in the annual RIFE report and
show that the average dose to consumers from man-made radionuclides was 0.003
microsieverts or 0.3% of the EU dose limit whilst the average dose due to consumption of
natural radionuclides in food was almost 5 times greater. The results continue to
demonstrate that naturally occurring radiation is by far the most important source of
exposure in the average diet of consumers.

Nuclear power stations are not the only source of radiation in the environment. Some
industries, hospitals and research centres routinely release radiation as part of their
operation. Although generally small scale these releases are regulated and the Agency has a
small rolling programme (R03020) to monitor foods and agricultural produce grown around
these sites. Results are generally reassuringly low or negligible and are published in the
annual RIFE report.
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3. Dissemination Activities

All the results of the projects are published in the annual Radioactivity in Food and the
Environment report, which is a joint publication with the Scottish Environment Protection
Agency. The latest report, containing data for 2001 will be published in September 2002.

4. Future Activity

The Agency has just begun a project looking at levels of radionuclides in food served in
canteen meals. It is a legal requirement under the Euratom Treaty for Member States to
report these results to the European Commission. Every quarter, four food samples will be
analysed for levels of particular radionuclides; each sample must be sourced from a single
canteen in England, Scotland, Wales and Northern Ireland and made up from several “meals
of the day” from the individual canteen (R03022). Results will be published in the RIFE report
as well as the European Commission’s report on Environmental Radioactivity in the
European Community.

A survey to determine the level of natural radioactivity in samples of Natural Mineral Water,
Spring Water and Bottled Drinking Water is due to start in 2002 (R03021). A similar survey
was carried out by MAFF in 1990 and due to the marked increase in the consumption of
bottled water in the UK over the past decade, a follow up survey is appropriate. There are
at present no legal limits for radioactivity in bottled drinking waters but data needs to be
gathered to assess radiation levels against new or changed limits being introduced in
forthcoming legislation.

5. Comments

The Programme Manager and contact point for further information is:

Caroline Morris, Radiological Protection and Research Management Division
(Tel: 020 7276 8781; Email: caroline.morris@foodstandards.gsi.gov.uk)

6. Publications

Food Standards Agency and Scottish Environment Protection Agency, 2002.
‘Radioactivity in Food and the Environment, 2001’. RIFE 7, Food Standards Agency and SEPA,
London and Stirling.
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

144,914TOTAL

76,05631-Mar-0401-Apr-01National
Radiological
Protection
Board 

Sampling and measurement of
radionuclides in grass, soil and animal
samples from around non-licensed
nuclear sites

R03020

11,41031-Mar-0401-Apr-01National
Radiological
Protection
Board 

Total diet studyR03019

14,89631-Mar-0321-Mar-00CEFASStudy of tritium and carbon-14 in the
aquatic environment

R03014

5,68828-Apr-0101-Mar-99IC Consultants
Ltd

Total uranium determination in milk,
crops, total diet, grass, soil and faeces,
from MAFF’s TRAMP and FARM
monitoring programmes 1998-2000

R03012

2,89331-Dec-0201-Apr-99CEFASFive year trend report for site-specific
data reported in RIFE

R03011

16,77531-Mar-0201-Apr-99CEFASNatural radionuclides in seafoodR03010

17,19631-Dec-0201-Aug-99National
Radiological
Protection
Board 

The radiological impact of naturally-
occurring radionuclides in foods from
the wild

R03009



T01 – Risk assessment

1. Background

Risk Assessment of food chemicals is essential to the goal of optimising food safety and
putting the consumer first. It combines identifying the potential of a substance to cause
harm (the hazard) with estimates of exposure to the substance. The risk assessment should
include information on the nature and degree of the risk. It also needs to provide a clear and
transparent explanation of the limitations and uncertainties involved in the assessment
process. Knowing these limitations will help the Agency develop appropriate risk
management options and explain the rationale for such decisions to the public.

The programme’s policy aim is to underpin the development of the risk assessment process
for food chemicals. This includes the effects of chemicals that are present in food as well
as compounds that are formed in the body as a result of the metabolism of food chemicals.
Since the Food Standards Agency was established in April 2000, the programme has also
included research needs identified by scientific advisory committees such as the Committee
on Toxicity of Chemicals in Food, Consumer Products and the Environment (COT) and its
sister Committees on Carcinogenicity and Mutagenicity (COC and COM).

Clear, balanced information on the health implications of food choices is essential to gaining
and maintaining public confidence in food safety. Thus the work of this programme needs
to demonstrate that it contributes to improving food chemical risk assessment and so
contribute to the Agency’s core aims:

“to be trusted as the UK ’s most reliable source of advice and information about food. We
want to protect and improve the safety of the food people eat, and to make it possible for
people to choose a healthy diet”

and to contribute towards two of its key priorities for 2001-2006 to:

• help people to improve their dietary health
• earn people’s trust by what we do and how we do it

Scientific Aims

The scientific aims of the programme are to:

• develop approaches to food risk assessment which take into account variability and
uncertainty;

• develop integrated approaches which take due account of human data, in vivo data, in
vitro data and expert judgement as appropriate;

• continue the development, where appropriate, of biomarkers of exposure in the context
of the development of exposure assessment methodology;

• review and develop the methodology for exposure assessment for food chemicals,
including exposure assessment for population subgroups, and the integration of the
hazard assessment with the exposure assessment into an overall risk characterisation.
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Areas of Activity

To achieve these aims, the activities of the programme fall into a number of different areas
that include:

• Development of reproducible in vitro systems that may serve as alternatives to some
testing in animals.

• Obtaining estimates of exposure to food chemicals to calculate whether they fall within
acceptable or tolerable levels. This requires knowledge of the levels of the particular
chemical in individual foods together with information on consumption of each food by
different groups of consumers (young, old, vegetarians etc.).

• Development of suitable biomarkers of exposure and effect. These are indicators of the
level or effect of chemicals in the body.

• Means of refining uncertainty factors that are used in setting safety guidelines for intakes
of food chemicals. These need to allow for the possibility that the average person may
be more sensitive than the experimental animals used to determine toxicity, and that
some people will be more sensitive than the average.

• The possible association between cancer and chemical carcinogens that occur
unavoidably in food1. About one-third of human cancers are considered to be of dietary
origin. This research programme focuses on those chemical carcinogens that occur
unavoidably in foodstuffs in order to provide the scientific basis for improved risk
assessment. The programme has a strong emphasis on colon cancer which is the third
most common cancer in the UK, a considerable proportion of which may be diet-related.

• Possible approaches to the study of combined effects of chemical mixtures.

The programme started in 1999. Following the recommendations of the review of the
Agency’s Research Portfolio2 in 2001 all Agency programmes are expected to be reviewed by
the end of the 2002/2003 financial year. The Risk Assessment programme will be reviewed
in June 2002 and its direction reconsidered following the review.

Implications for Consumers

This research will allow the Agency to improve food safety and benefit the consumer by:

• developing improved methods for preliminary testing of food chemicals that are faster
and less dependent on the use of experimental animals;

• considering whether current default uncertainty factors used to determine maximum
permitted levels of chemicals found in food are appropriate, too conservative or not
sufficiently stringent;

• checking if current methods of calculating intakes of food chemicals are realistic and
looking at ways of improving them if necessary;

• identifying and using suitable biomarkers, to estimate exposure to and effects of, food
chemicals;

• providing better dietary advice on the potential risks or benefits of certain dietary habits in
relation to cancer risk and in particular the risk of colorectal cancer. This may also identify
groups of people who may be more susceptible to diet-related cancers than others.

The cost of Programme T01 in financial year 2001/2002 was ca. £961k.
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2. Outputs

Four new contracts have been commissioned and a new Programme Advisor appointed
since the publication of last year’s Annual Report. Following a tendering round in September
2001, one contract has been issued (T01024) and an additional group of contracts is
currently being negotiated to start later in 2002. The new Programme Advisor started in
December 2001.

In addition, a single tender for work on the risk assessment of dioxins was advertised in the
scientific press in February 2002 with a closing date of 17 May 2002. The tender resulted
from the recent COT evaluation of dioxins and dioxin-like PCBs. The COT assessment3

identified gaps in knowledge related to the risk assessment of dioxins particularly with
respect to effects on the developing fetus.

A number of projects discussed in previous Annual Reports have finished or are about to
finish and are currently being reviewed. Once this process is complete details will be
published in the Food Standards Agency News and on the Agency website.

Projects falling into this group are:

• three linked projects on colorectal cancer (T01003, T01004 and T01005);
• two on probabilistic modelling (T01013 and T01014);
• T01010 on drug metabolising enzymes and cruciferous vegetables;
• T01011 on the development of organ slices for in vitro testing of food chemicals;
• T01012 on the interactions of genotoxins.

Brief details of recent progress is outlined below.

In vitro Approaches to Food Chemical Risk Assessment

Two projects within the programme seek to improve in vitro tests of absorption and toxicity.

T01011 at TNO BIBRA is currently under review. The project was part of a larger EU funded
project seeking to develop precision-cut human and rat liver, lung and kidney tissue slices to
serve as a resource to be used for assessing the toxicity of (food) chemicals. T01011 focused
on liver and lung tissue, establishing the basic characteristics of the system and seeking to
optimise methods of preserving and storing the slices so that they can be prepared in bulk
and used as and when required.

Another project (T01008) at the Rowett Research Institute, set out to develop an intestinal
cell culture model to assess the extent to which food chemicals are absorbed from the gut
into the body. The model uses human colon cells to provide base-line data on the transport
of a group of natural food compounds across the cell membrane. Transport of a range of
compounds of different sizes and sites of action was investigated to determine how these
properties affected their movement across the human gut. Measurements of the movement
of molecules across the cell membrane were made using radiolabelled food compounds
and/or using detection by high pressure liquid chromatography (HPLC). These
measurements were designed to reflect the situation in the gut where molecules are
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transferred from the inside of the gut into the bloodstream. The intestinal model was
characterised by estimating levels of genes and proteins representative of the stage of
development of the digestive and transport functions. The model was then further refined
to make it mimic the human intestine more closely. This involved studying the impact of
other factors including soluble growth factors and a mucin layer, on the differentiation
status and on the transport of the food compounds across the cell layer. This model will
provide an initial non-invasive system for the assessment of the relative uptake of certain
bioactive food constituents across the human gut.

Modelling of Intakes and Internal Exposure

Two recently completed projects used probabilistic modelling to look at patterns of food
consumption and intakes of food chemicals. Both contracts used consumption data from
published dietary surveys and were designed to be complementary. The projects are highly
technical and involved the development of advanced statistical routines to test their
predictions.

T01014 at Cancer Research UK, considered intra- and inter-individual differences in intakes
of chemical residues in foods by attempting to develop more complex statistical methods4

for assessing an individual’s intake. This needed to consider both differences between the
average amount of a particular food or food chemical that an individual eats compared to
other individuals and the differences between the amounts consumed by the same
individual on different days. It should provide better estimates of the chances of exposure
to large amounts of a given chemical on a single occasion than traditional models of average
intakes which may not discriminate between individuals with high average intakes and those
with high variability of intake. The project also considered the influence of factors such as
age, gender, occupational and social factors on both typical daily intake and its variability
from day to day. The reliability of the models and methods was tested using published data.
The use of this type of model should help assess the risks food chemicals pose to the
general population and also to specific vulnerable groups.

T01013 at TNO BIBRA and TNO TPD Delft focused more on estimating differences in food
consumption patterns, including those of rarely consumed foods. The study looked at:

• consumption of foods with a fairly even distribution such as meat (meat eaters only)
• those for which the distribution is somewhat skewed such as different kinds of meat; and
• those with a very skewed distribution as they are eaten infrequently or not at all, e.g.

cruciferous vegetables.

The study also considered the intake of vitamin A, which is known to be highly skewed, and
energy intake, which is reasonably constant across the population. The study’s aims included
investigation of the impact of high numbers of non-consumers on consumption patterns;
the relationship between individual intakes on consecutive days and the advantages of
collecting data over a 7 day period compared to a shorter period.

Refinement of Safety Factors used in Risk Assessment

T01017 at Southampton University seeks to assess whether the standard default factors
used to account for differences between species and between different individuals offer
reasonable default values. The study uses permitted food additives as model substances.

Chemical Safety of Food

105

4 Using Markov Chain Monte Carlo methods 



Research and Survey Programmes Annual Report 2002

106

An essential feature of the work is the need to develop highly sensitive analytical methods
to measure low levels of the test substances, including methods of measuring substances in
saliva which, unlike blood, can be collected non-invasively. Such non-invasive methods are
much more suitable for use in certain groups, such as children, the elderly and pregnant
women. Problems with the method development have meant the work progressed more
slowly than initially predicted. Reliable methods for the analysis of plasma samples for 3 of
the substrates have been established, and work is currently underway to extend the analyses
to measurement of salivary concentrations. The in vivo studies of these are progressing
satisfactorily, although in the case of one of the additives (curcumin) the concentrations in
human plasma are below the limit of determination of the available assay.

Dietary Constituents and Colorectal Cancer

Heterocyclic amines (HAs) are carcinogenic chemicals formed naturally in trace amounts
during the high temperature cooking of certain foods, particularly red meat. 2-amino-1-
methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) and 2-amino-3,8-dimethylimidazo[4,5-
f]quinoxaline (MeIQx) are the HAs most often measured in food. Three interlinked projects
set out to establish whether HAs contribute to colorectal cancer and to determine whether
particular sub-groups of the population are at a greater risk due to interactions between
their genetic makeup and diet. The study was one of the most comprehensive of its kind and
studied a total of around 1000 human subjects. It used state-of-the-art technology for
genetic screening and accelerated mass spectrometry5 for the detection of very tiny
quantities of HAs bound to DNA. The results should help support formulation of policy
advice on the optimal diet for decreasing the risk of colorectal cancer. In addition to
providing information on the possible role of HAs in colorectal cancer the study has
provided important information regarding the nature and pattern of gene mutations in
colorectal tumors and advances our understanding of the different molecular events that
can lead to colorectal cancer.

These three projects (T01003, T01004 and T01005) were carried out at Imperial College and
the Universities of Dundee and York, with epidemiology and statistical analysis being
evaluated at Leeds University. The first full6 publication appeared in the July 9 2002 edition
of PNAS (Smith et al). Further analysis of the very extensive database of dietary information
will be carried out as part of the next contract (T01022). This will explore further
correlations between dietary factors and the development of colorectal cancer.

The follow-up study (T01022) started in October 2001 and is considering the influence of
diet and genetic polymorphisms on susceptibility to colorectal adenomas using a group of
individuals diagnosed with adenomas. This study is based at the University of Dundee and
will include epidemiological and statistical input from the Leeds team involved in the
previous project (T01004). Colorectal adenomas are benign polyps, some of which
subsequently develop into tumours (i.e. colorectal cancer). Using much of the same team
and infrastructure that was used in the previous Dundee/Leeds study this study will look at
the role of diet in susceptibility to colorectal disease at a very early stage, before the
development of cancerous states. This may identify individuals who may be receptive to
dietary intervention.

5 A very sensitive technique that allows measurement of minute quantities of compound bound to DNA
6 A short abstract appeared in 2001 – Barrett, JH; Bishop DT; Waxman R; Forman D; Lightfoot T; Garner C; Smith G and Wolf

R. (see references)



A complementary study (T01009) at Imperial College, examined the metabolism of
heterocyclic amines (HAs) in human volunteers eating red meat with and without
cruciferous vegetables; i.e. Brussels sprouts, cabbage and broccoli. This study has shown that
eating cruciferous vegetables can modify HA metabolism in man. Further work to develop
more sensitive analytical methods for detecting HAs should be completed later this year,
including preparation of antibodies for the detection of HA metabolites in urine.

T01010 at the University of Dundee, investigated the specific effects of cruciferous
vegetables on the enzymes responsible for detoxifying food chemicals in blood and colon.
The results show a lack of correlation of enzyme levels in blood to those in the colon so
that blood levels cannot be used to predict levels of these enzymes in the colon. The results
suggest that further work is needed on the way the active components of cruciferous
vegetables are absorbed and act in the human body.7

Biomarkers of effect in carcinogenesis

The Food Risk Assessment Fellowship (FORA, T01007) completed three years in early 2001
and has been extended for a further year as a collaboration between the principal
investigator (now at the Open University) and the MCR Dunn Human Nutrition Unit in
Cambridge. The purpose of this extension is to examine the effect of dietary fat and protein
on markers of DNA damage arising from lipid peroxidation and endogenous nitrosation.
Work is progressing well and should report in mid to late 2003.

T01012 at the Institute of Food Research set out to investigate possible interactions between
genotoxic carcinogens in food, using the example of the heterocyclic amine PhIP, and DNA-
damaging agents produced naturally in the body, using hydrogen peroxide as an example of
a reactive oxygen species generated within cells. The project has also investigated the
effects of certain plant chemicals on these interactions. Results have been shown to be far
more complex than predicted.

Three projects started in 2000

T01015/9 This project sets out to develop biomarkers to predict subsequent tumour
formation in experimental animals. It aims to provide a better and more cost effective
means of assessing the possible hazards of food chemicals. The project uses four model
non-genotoxic chemicals with known modes of action. Suitable biomarkers will be
established by examining a number of endpoints thought to be important in tumour
development. The work is divided between TNO BIBRA and the University of Dundee.

T01016 at the University of Leicester, has developed and characterised a model of normal
human colon cells to assess and identify the effects of lipid peroxidation attack and assess
their relevance to (colon) cancer. Normal human colon cells do not grow well in culture nor
do they differentiate into the specialised types of cells found in the human colon. To
overcome this problem the contractors have used immortalised, non-transformed
differentiating and quiescent human colon cell lines. These cells retain the characteristics of
the original cell type but can be maintained in tissue culture without losing their individual
characteristics. Lipid peroxidation can occur when fat is cooked or broken down in the body
resulting in the generation of reactive molecules. These reactive products may then attack
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DNA and lead to the formation of mutations thought to lead to cancer. The contractors
have characterised a number of biochemical parameters and gene expression profiles for
these cell types using microarray technology which can be used to detect changes in a very
large number of genes simultaneously. Using this information to provide baseline values the
contractors plan to use the same techniques to assess the effect of lipid peroxidation in
target (differentiating), versus non-target (quiescent) cells.

T01018 is a collaboration between Queen’s University Belfast, the Institute of Cancer
Research Sutton and Cambridge University8 which started in April 2000. The project aims to
develop stem cell mutation indices as biomarkers of dietary chemical effect. This involves the
measurement of aberrant crypt cells following treatment with a carcinogen and/or a model
gut irritant. This is a complex project involving a large amount of preliminary work, much of
which is now complete.

New Projects

T01020 – work on this project based at King’s College, London with collaboration at
University College, London and Reading University started in October 2001. Flavonoids are
found extensively in fruit and vegetables and have been reported to have protective effects.
The project’s main aim is to investigate the absorption, metabolism and elimination of
representative flavonoids, using both in vitro and in vivo systems, and to extrapolate to their
effects on humans consuming these compounds in the diet. Initial in vitro studies on the
fermentation profiles of four flavonoids found in the diet has been carried out using isolated
gut microflora and the implications for beneficial effects on colonic bacteria examined. The
four flavonoids used are chlorogenic acid, found in apples, pears and coffee, naringenin,
found in citrus fruits, epicatechin, found in teas, wines and fruit, and anthocyanidins, which
are concentrated in berry extracts.

T01021 – this project is developing methods of looking at potential effects of mixtures of
food additives. Although the study focuses on additives the research should provide
information that may serve as a paradigm for mixtures of other chemicals. The research will
focus on four food additives, chosen because they have been identified9 as compounds
which may act jointly on the same target organ, namely the liver. The work is being carried
out jointly by TNO BIBRA at Carshalton in the UK and TNO Voeding in the Netherlands.
Dosing, biochemical measurements and real time PCR (Taq Man®) measurement of potential
biomarkers will be carried out in the UK. Genomics and proteomics and histological
examination of the samples will be carried out in the Netherlands.

T01022 – discussed earlier in the section on dietary constituents and colorectal cancer.

T01024 which is being carried out by Covance Laboratories will investigate the genotoxicity
of 1,3,-dichloropropan-2-ol (1,3-DCP) and 2,3-dichloropropan-1-ol (2,3-DCP). These
compounds may be present as process contaminants of food in which acid-hydrolysed
vegetable protein has been used as an ingredient. 1,3-DCP was identified in some batches of
soy sauce surveyed by the Food Standards Agency. The Committee on Mutagenicity of
Chemicals in Food, Consumer Products and the Environment (COM) has advised that:10
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“it would be prudent to regard 1,3-DCP and 2,3-DCP as potentially genotoxic in-vivo and
agreed that both compounds should be tested for genotoxicity in-vivo using the approach
set out in the COM guidelines.”

On the basis of this statement a call for a study to address this issue was issued last year.

3. Dissemination Activities

Research from this programme has resulted in a number of peer-reviewed publications,
abstracts and presentations.

A research workshop held at the Heriott-Watt University Edinburgh in June 2001 provided a
forum for all contractors to present their work, and encouraged inter-laboratory
collaboration and cross-fertilisation of ideas. The next annual workshop is due to be held in
Warrington in June 2002 and will be followed by a review of the programme.

4. Future Activity

New projects are due to start in the second part of 2002. A programme review will be held
at the end of June 2002.

5. Comments

Professor G. Gordon Gibson, BSc, PhD, DSc, FRCPath, (Professor of Molecular Toxicology) of
the School of Biomedical and Life Science, University of Surrey was appointed Programme
Advisor in December 2001.

The contact for further information is:

Dr Caroline Tahourdin, Chemical Safety and Toxicology Division
(Tel: 020 7276 8520; Email: caroline.tahourdin@foodstandards.gsi.gov.uk)
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Table continued on next page

10,90231-Oct-0101-Apr-99TNO BIBRA
International
Ltd

Development of probabilistic models
for describing individual intakes of
chemical residues in food

T01013

77,56031-Mar-0201-Apr-99Institute of
Food Research

The interactions of genotoxins – a
mechanistic approach based on DNA
repair

T01012

28,71730-Nov-0101-Aug-98TNO BIBRA
International
Ltd

New developments of cultured
precision-cut tissue slices for studies
of organ pharmacotoxicology

T01011

9,83830-Sep-0101-Apr-98University of
Dundee

Cruciferous vegetables and drug-
metabolising enzyme phenotye

T01010

30,37931-Oct-0201-Jun-98Imperial College
of Science,
Technology
Medicine

Can cruciferous vegetables alter the
genotoxicity of heterocyclic amines
following human consumption of
cooked meat?

T01009

64,68031-Aug-0201-Apr-98Rowett
Research
Institute

Development of an in vitro intestinal
cell model to predict bioavailability
of food components in humans

T01008

35,38301-Aug-0201-Sep-97Open
University

Food risk assessment fellowshipT01007

25,79931-Oct-0101-Sep-97University of
York

Measurement of the formation of
MelQx- and PhIP-DNA adducts in
human colon cancer and non-cancer
patients (part of a collaborative study)

T01005

23,23531-Oct-0101-Sep-97University of
Dundee

Heterocyclic amines as risk factors in
colon cancer

T01004

42,64831-Oct-0101-Jun-97Imperial College
of Science,
Technology
Medicine

Can biomarkers be used to assess the
carcinogenic potential of heterocyclic
amines?

T01003
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Code Date Date 2001/2002 (£)

960,756TOTAL

82,14230-Jun-0501-Oct-01University of
Dundee

The influence of diet and genetic
polymorphisms on susceptibility to
colorectal adenomas

T01022

73,03416-Dec-0401-Sep-01TNO BIBRA
International
Ltd

Development of methods for the
assessment of the health effects from
mixtures of food additives

T01021

38,90331-Jan-0501-Oct-01King’s College
London

Understanding the metabolism of
dietary flavonoids by studying colonic
bacterial metabolism, tissue
distribution and ADME

T01020

21,48631-Mar-0301-Apr-00University of
Dundee

Development of biomarkers based on
cell cycling and proliferation to
facilitate the risk assessment of food
chemicals

T01019

86,11630-Jun-0301-Apr-00The Queen’s
University of
Belfast

Stem cell mutation indices as
biomarkers of dietary chemical effect:
use in short term assays of
carcinogenic potential of food
components

T01018

120,58231-Oct-0301-Apr-00University of
Southampton

Biomarkers, toxicokinetics and default
safety factors

T01017

76,18431-Mar-0301-Apr-00University of
Leicester

Comparison of DNA damage and
repair in target versus non-target cells:
Relevance to diet and colon cancer

T01016

85,29431-Mar-0301-Apr-00TNO BIBRA
International
Ltd

Development of biomarkers based on
cell cycling and proliferation to
facilitate the risk assessment of food
chemicals

T01015

27,87431-Mar-0201-Aug-99Imperial Cancer
Research Fund

Modelling of inter- and intra-
individual exposure to chemicals in
food

T01014



T05 – Phytoestrogens in the diet

1. Background

Phytoestrogens are naturally occurring compounds found in plants, and in some plant-based
foods, notably soya. They have structural similarities to the female sex hormone, 17ß-
oestradiol. Because of this structural similarity, concern has been expressed that ingestion
of phytoestrogens might have oestrogenic (and/or other) effects in the general population.
These effects could be either adverse or beneficial and, could affect particular population
groups. There are a variety of phytoestrogens – lignans, isoflavones, coumestans and
flavones – all of which bind with varying degrees of affinity to the oestrogen receptors.
While it has been assumed that any oestrogenic effects will be exerted through an
oestrogen receptor, there is the possibility that phytoestrogens may alter oestrogen
metabolism or have other properties, for example, they may act as antioxidants (i.e.
flavones). The phytoestrogen research programme is mainly concerned with isoflavones, as
these are present in soya based foods which are widely consumed in the UK. ‘Over the
counter’ preparations and foods containing enhanced concentrations of phytoestrogens are
now available and the human health implications of dietary phytoestrogens are unclear but
currently are under consideration by the Agency.

The Phytoestrogen Programme arose from studies being carried out in the MAFF Natural
Constituents of Food Programme and became a separate Programme in 1997. The research
carried out is determined by 9 scientific objectives laid out in the ROAME A which are
designed to provide answers to three policy objectives. In summary, these scientific
objectives encompass the development of suitable analytical methods, the determination
of phytoestrogens in food, studies on the absorption, distribution, metabolism and
excretion (ADME) and possible beneficial and/or detrimental effects in the population and
specific (genetic and/or age) groups within the population. The studies are designed to
provide information to allow balanced judgements to be made about the risk/benefit of
consuming dietary phytoestrogens which will provide a scientific basis for the Agency to
develop meaningful advice for consumers.

During the course of the year, there were 11 projects in progress, some  coming to an end in
the course of the year (around 3) while three others are just beginning. At the time of writing
there are 9 projects still running or awaiting final reports. Of these all but one are scheduled
to finish in the coming financial year (2002/3).

Consumer Benefits

The research in this Programme is intended to benefit consumers by helping the Agency to:

• advise consumers on whether consumption of phytoestrogen-rich food poses a risk to
health, particularly for infants fed soya-infant formulae,

• advise consumers on whether consumption of phytoestrogens may be beneficial to
health,

• establish how phytoestrogens are metabolised in both adults and infants,
• develop new tests to identify and measure phytoestrogens in foods.
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The cost of Programme T05 in financial year 2001/2002 was ca. £757k.

2. Outputs

It has only been possible to develop a co-ordinated and comprehensive approach to this
important area of research since the Phytoestrogen Programme started in 1997.

Three major areas of interest have been addressed:

• analytical methodology designed to develop reliable and accurate methods for the
measurement of isoflavones in body fluids as well as in food,

• scientific studies to learn more about the effects of phytoestrogens in vitro,
• studies to evaluate the beneficial and/or detrimental effects using in vivo studies on

human volunteers.

While animal studies have been undertaken in some contracts, it is recognised that public
opinion is against the unnecessary use of animals in toxicity testing and strenuous efforts
have been made to take account of this, ensuring that such experiments are carried out only
when absolutely necessary. All studies on humans have been subjected to careful scrutiny
by both Agency and local ethical committees and informed consent has been obtained from
all patients/subjects involved. It is not possible to detail all the work which has been carried
out in such a large programme but highlights in each area are:

Analysis

A major problem in this area has been the lack of standards, both labelled and unlabelled
and to address this a contract was set in place at an early stage in the Programme to remedy
these deficiencies. This contract has been a major success producing high quality material,
which in many instances is not available from any other source world-wide. The contract has
recently been extended until 2004 but should continue for the lifetime of the Programme
as it underpins all the research in this programme and provides necessary material for other
contractors. Considerable interest has been shown in these products and it has been
possible to supply them to other researchers. Stable isotope 13C-labelled isoflavones (and
lignans) and metabolites are now available which have been used for in vivo human
metabolic studies as well as internal standards for mass spectrometric analytical methods.
In the past such internal standards have been labelled with deuterium (2H) and have thus
been unstable under some analytical conditions and the development of 13C-labelled
compounds has been a major advance in this area.

One contractor utilised liquid chromatography with tandem mass spectrometry (LC-MS-MS)
to examine the phytoestrogen composition of ‘over the counter’ dietary supplements. Fifteen
different isoflavones and 4 different lignans were identified and quantified in over 50 of these
products, demonstrating the value of this technique in this area. Further studies using LC-MS-
MS will require the synthesis of standards as well as 13C-labelled compounds as internal
standards. Hop-derived phytoestrogens, the prenylnaringenins, were also identified in a
number of supplements. The oestrogenic activity of these compounds was investigated in a
separate project and, although members of this group of compounds showed significant
oestrogenic activity in isolated transfected cell systems, they were only weakly oestrogenic
in in vivo assays.
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Gas chromatography-mass spectrometry (GC-MS) has been widely used for determination
of isoflavones but more simple methods such as liquid chromatography (LC) using ultraviolet
detection have also been used to determine concentrations of isoflavones in infant formula
feeds. GC-MS has been used to provide concentrations of genistein and daidzein to provide
a useful database which has been utilised by other contractors in particular to validate food
frequency questionnaires used in a epidemiological study of the effects of phytoestrogens
on breast and prostate cancer.

Phytoestrogens are also present as glycoside conjugates and studies have been undertaken
to develop LC-MS methodology, which can measure these glycosides directly. Identification
of glycoside conjugates in food is important, as it may be that absorption of these
phytoestrogen glycosides in the gastrointestinal tract occurs more readily than that of non-
conjugated compounds. Measurement of phytoestrogens in human body fluids is important
as a means of assessing compliance and to ensure consistency between contractors, a
quality assurance scheme was instituted reporting a surprisingly good agreement between
contractors and the intention is to continue this.

The Quality Assurance Scheme, which was commissioned during 2001/2, is to run for two
years and all contractors have to take part. A first round of test material has been circulated
not only to contractors in the present research programme but also world-wide to all and
any who wish to take part (15 non-contractor participants from USA, Brazil, Europe,
Australia, Israel).

While physico-chemical method for analysis continue to be used by contractors in the
Programme, such methods require identification of appropriate analytes. Work has
continued using functional assays, which have considerable value as a means of assessing
overall oestrogenicity without measuring specific analytes. These functional assays provide
an essential but complementary means of ensuring that physico-chemical methods are
indeed measuring appropriate analytes and can be used to detect unknown compounds or
assess possible synergy or inhibition.

In vitro and animal studies

Functional assays for oestrogenicity are also being developed, primarily using the oestrogen
receptor alpha (ER�) but recognising the importance of ER�, it is intended to incorporate
this newly recognised receptor into these studies. A new contract has just started, which will
look at the effect phytoestrogens have in cells from a number of different tissues which
express ER�.

Infants and neonates who are fed on soya based formula are a particular group of interest
and studies continue to ascertain the possible effects of phytoestrogens on the expression
of oestrogen responsive genes. A project studying this in vivo started in 2000 using modern
techniques of molecular biology together with cDNA microarrays and proteomics. Studies
are underway using rabbits, which, like humans, contain a receptor system (PXR) which may
also interact with phytoestrogens. Further studies continue in this complex area.

In vivo human studies

One contract, which will report over the coming year, is an epidemiological study on the
effects of phytoestrogens on prostate cancer. A further contractor is utilising the European
Prospective Investigation on Cancer (EPIC) study to establish whether phytoestrogens are
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protective against prostate and breast cancer and retrospectively whether any protection is
related to genetic polymorphisms in cytochrome P450 enzymes. The effects on menopausal
symptoms of supplementation of the diet with lignans is also under investigation in a further
contract.

Results of a study investigating the effects of diet and gut microflora on the bioavailability
of isoflavones in adults and children have just become available and the final report on this
project is under consideration. A further study, reporting over the next year, is looking at the
effects of matrix (solid v liquid), age, gender, chemical form and dose on the ADME of
isoflavones in men and in pre- and post-menopausal women.

3. Dissemination activity

The annual Workshop of the Programme was held in York in November 2001. All contractors
attended and presented reports on their progress. The Workshop included an informal
discussion about analytical problems and an introduction to the first round of the new QA
scheme.

Contractors are encouraged to present their work by attendance at scientific conferences
and by submission of research papers to scientific journals. Contractors have been asked to
let the Programme Advisor know of their publications, and so far 15 papers have been
published in or submitted to peer-reviewed journals, and 14 oral presentations. A number of
contractors have also indicated that they also have papers in various stages of preparation.

A comprehensive evaluation of world-wide phytoestrogen research has been undertaken by
Dr Margaret Ashwell (UK) and colleagues and Professor Stephen Barnes (USA). This evaluation
was carried out with the intention of improving co-ordination of effort and avoiding
duplication of work. This report will be available in the course of the next financial year.

All contractors are obliged to deposit final reports in the Agency library and summaries of
these will be available, in the future, through the Agency’s website.

4. Future activities

An expert group of the government’s advisory committee, the Committee on Toxicity of
Chemicals in Food, Consumer Products and the Environment (COT) has conducted a major
review of the health implications of dietary phytoestrogens. The group aims to publish a
report of its findings in the Autumn of 2002. This will include recommendations for future
research. The conclusions and recommendations of the COT Working Group will provide
the basis for the future direction of this research programme.

New contracts, which started in the course of last year, include the extension of the
synthetic chemistry of 13C-labelled and unlabelled standards of isoflavones and lignans and
their metabolites, the in vitro phytoestrogen effects of over-expression of the ERß in
oestrogen target cells, and the setting up of a comprehensive QA scheme, following on from
the preliminary studies already carried out.

Research and Survey Programmes Annual Report 2002

116



5. Comments

The Programme Advisor is Professor Hugh Makin.

The contact for further information is:

Dr Tom Barlow, Chemical Safety and Toxicology Division:
(Tel: 020 7276 8519; Email: tom.barlow@foodstandards.gsi.gov.uk)
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

756,858TOTAL

49,21931-Mar-0401-Apr-01Institute of
Food Research

Quality assurance scheme for the
Phytoestrogen Research programme

T05024

40,88531-Mar-0401-Jul-01University of St
Andrews

Synthesis of standard phytoestorgens
in labelled and unlabelled form

T05023

30,45531-Jul-0121-Mar-00Ashwell
Associates

A Review of the FSA Phytoestrogens
Programme

T05018

85,98231-Mar-0321-Mar-00Syngenta
Central
Toxicology
Laboratory 

Effects of phytoestrogens on estrogen
receptor mediated gene transcription,
and protein expression

T05016

126,85431-Mar-0321-Mar-00Medical
Research
Council

Diet, phytoestrogen and gene nutrient
interactions in relation to cancer: a
prospective study

T05015

68,18430-Sep-0201-Jul-00University of
Manchester

The effect of phytoestrogen ingestion
on menopausal symptoms

T05014

86,89030-Sep-0201-Oct-99University of
Birmingham

Do dietary phytoestrogens protect
against cancer in genetically
susceptible groups by disrupting
metabolism of endogenous estrogens?

T05013

71,76630-Sep-0101-Oct-98King’s College
London

Influence of human gut microflora on
dietary soya isoflavone phytoestrogen
bioavailability in adults and children

T05011

32,36431-Mar-0201-Jul-98University of
Surrey

Absorption and metabolism of dietary
phytoestrogens in humans – effect of
age, gender, food matrix and chemical
composition

T05010

12,10530-Sep-0101-Apr-97Veterinary
Laboratories
Agency

Development and application of
screening assays for the beneficial and
adverse effects of phytoestrogens in
food

T05005

1,45531-Mar-0321-Mar-00TNO BIBRA
International
Ltd

Possible effects of dietary
phytoestrogens on prostrate cancer
and 5-alpha reductase activity

T05003

150,70031-May-0201-Jun-98University of
Edinburgh

Synthesis of labelled and unlabelled
isoflavonoid phytoestrogen standards

T05001



T07 – Food intolerance research
programme

1. Background

Food allergy and food intolerance are important, continuing and, in the case of food allergy,
probably increasing health issues. A Food Intolerance Research Programme was established
first in 1994 and since then the main aims have been to identify the causes and mechanisms
of food allergy and intolerance, and to characterise the factors that influence the
pathogenesis of these diseases. It is anticipated that collectively the research projects
commissioned and supported by this programme will provide information of value in the
identification and implementation of steps to reduce the incidence and severity of food
allergy and food intolerance.

In recent years objectives have included:

• determination of whether, and to what extent, hyperactivity and other behavioural
problems are associated with foods and food ingredients;

• development of approaches to the design and construction of databases of allergenic
epitopes displayed by proteins;

• development of methods for the identification and characterisation of food allergens;
• examination of whether there exist any scientific or clinical bases for the apparent

differences in the allergic sensitivity of young children and adults to peanuts and tree
nuts.

Current and future objectives are:

• to determine whether and to what extent the prevalence of food allergy is increasing;
• to characterise the influences of age and route of exposure on the development of food

allergy;
• to consider what approaches are available to identify individuals who are at greater risk

of developing allergic sensitisation to foods;
• to characterise the structural basis for protein allergenicity and identification of the

properties that confer on proteins the ability to induce allergic sensitisation;
• to develop further appropriate methods for the identification and characterisation of

food allergens;
• to determine the influence of IgG antibody on the natural history of food allergy and the

severity of induced allergic reactions.

The cost of Programme T07 in financial year 2001/2002 was ca. £726k.
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2. Outputs

Progress during the current reporting period is summarised under the following headings:

• cross-reactivity and co-sensitisation in peanut allergy and in tree nut allergy,
• the natural history of food allergy and the influence of exposure,
• immunological mechanisms in food allergy and
• the characteristics of food allergens.

Cross-Reactivity and Co-Sensitisation in Peanut Allergy and in Tree Nut Allergy

The primary objective here remains to determine the relationship between allergic
sensitisation to peanuts and the development of sensitisation to other foods, and in
particular, tree nuts. The weight of evidence available to date suggests that co-sensitisation
is the more important basis for the observed association between peanut allergy and allergy
to tree nuts.

The Natural History of Food Allergy and the Influence of Exposure

The emphasis here is on identifying those factors (and in particular age and the conditions
under which exposure occurs) that influence the acquisition of allergic sensitisation to food
proteins. Currently attention is focused on (a) the affects of maternal diet, in utero exposure
to allergen and infant feeding practices on the acquisition of food allergy and (b) the
relevance of cutaneous exposure to food proteins. Finally, investigations of the
development of allergy to kiwi fruit (an allergy with a comparatively short history in the UK)
and the factors influencing susceptibility among adults and children, are progressing well.

Immunological Mechanisms in Food Allergy

Among the objectives in this area is to establish whether and to what extent dermal
exposure to protein allergen influences the characteristics of subsequent immune
responses. Attention is focused particularly on consideration of whether dermal exposure
is associated with a compromised ability to acquire immunological tolerance. Other aims are
to examine in greater detail the nature of cellular immune (T lymphocyte) responses to
important food allergens in both allergic and non-allergic subjects. In addition, investigations
examining the role played by immunoregulatory cytokines in the development of food
allergy are progressing.

The Characteristics of Food Allergens

Investigations to define at the structural and molecular levels the characteristics that confer
on proteins the ability to cause allergic sensitisation are progressing well.

3. Dissemination

The Annual Workshop of the Food Intolerance Research Programme was held at Aviation
House in November 2001, which was attended by representatives from each of the projects
supported by the Programme, invited experts in food allergy and related disciplines,
members of Agency staff and observers.
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4. Future activity

There are plans in place to initiate research in two important areas, and the relevant details
appeared in the FSA Requirements Document Issue 8, April 2002. The specific research
requirements are:

• Establish the role of IgG in the development of allergic sensitisation and reactions to
foods.

• Determine whether and to what extent the incidence of peanut allergy has changed
since the COT’s advice to pregnant and breast-feeding mothers from atopic backgrounds.

The Annual Workshop of the Food Intolerance Research Programme has been scheduled for
November 26-27 2002.

5. Comments

The scientific standards, productivity and relevance of the Food Intolerance Research
Programme continue to improve and there is confidence that the work now being supported
will make an important contribution to the formulation of future policies and
recommendations.

6. Publications

Butt, A. M., Murch, S. H., Ng, C., Kitching, P., Montgomery, S. M., Phillips, A. D., Walker-Smith,
J. A., Thomson, M. A., (2002) ‘Upregulated eotaxin expression and T cell infiltration in the
basal oesophageal epithelium in cows’ milk-associated reflux oesophagitis’. Arch Dis Child (in
press).

Turcanu, V., Golding, J., Lack, G., (2002) ‘Children with peanut allergy display altered
proliferation kinetics to allergen-specific lymphocyte stimulation’. American Academy of
Allergy, Asthma and Immunology (abstract).

Lack, G., Golding, J., Turcanu, V., (2002) ‘Phenotype of allergen-specific 
T-cells derived from the peripheral blood of peanut-allergic children’. American Academy of
Allergy, Asthma and Immunology (abstract).
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Project Project Title Contractor Start End Cost in FY
Code Date Date 2001/2002 (£)

725,893TOTAL

45,91630-Jun-0301-Jul-01University of
Southampton

The influence of dose and route of
exposure on the early life origins of
peanut allergy

T07028

67,06631-Dec-0201-Apr-01University of
Southampton

The interaction of food allergens with
the epithelium of the alimentary
canal: investigation of non-
immunological determinants of
allergenicity

T07027

5,25628-Feb-0501-Mar-02University of
Bristol

To investigate the influence of
maternal experience of dietary antigen
on the subsequent immune status of
their offspring

T07026

10,21030-Sep-0301-Apr-01University of
Southampton

Factors influencing the susceptibility
to, and characteristics of kiwi fruit
allergy

T07025

15,20331-Mar-0201-Apr-01Central Science
Laboratory

The development of a polymerase
chain reaction based method for the
identification of peanut in commercial
products

T07024

60,90930-Jun-0601-Jul-01Isle of Wight
Healthcare
(NHS)

Prevalence and incidence of food
allergies and food intolerance

T07023

76,45328-Feb-0401-Jan-01University of
Nottingham

Do protein structural features confer
stability to digestion of food
allergens?

T07019

15,49231-Dec-0101-Apr-00Central
Manchester and
Manchester
Children’s
University
Hospital

Allergen specific antibody binding
characteristics and longitudinal
serological changes to purified peanut
allergens

T07018

37,86030-Apr-0201-May-00Institute of
Child Health

Investigation of immune responses to
food allergens in individuals with a
clinical spectrum of sensitivity to
different foods

T07016

81,79930-Oct-0201-Jul-00University of
Southampton

Peanut allergens associated with
provoking clinical symptoms

T07015

121,90630-Jun-0201-Apr-99Institute of
Food Research

Immunochemical reactivity to peanuts
and nuts in allergic individuals

T07011

108,04928-Feb-0301-Jun-99King’s College
London

Allergic cross-reactivity in peanut
allergy

T07010

26,73031-Oct-9901-Oct-97South
Manchester
University
Hospital

A clinical trial to investigate potential
allergic reactions from the ingestion of
storage mites

T07007

27,95430-Sep-0201-Feb-98University
College London

Investigation of the immunological
mechanisms inducing cows milk
sensitive enteropathy

T07003

25,09031-May-0301-Dec-95University of
Bristol

The prevalence and natural history of
peanut allergy and investigation into
its genetic environment and
immunological determinants

T07031


