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Overview
This report is the output of a review by the Microbiological Safety of Food Funders Group (MSFFG) of the research relating to clostridium supported by its member organisations from 1990 to mid-2006.



Clostridium is a genus of anaerobic bacteria within which several species are associated with human and animal disease.  For foodborne disease, illness is due not to the presence of the bacteria but to the toxins they produce. 

Two species of clostridium are particularly associated with human foodborne illness, Clostridium botulinum and Clostridium perfringens.  The former produces a powerful neurotoxin, very small amounts of which can kill a person if treatment is not obtained.  Botulism is not common in the UK and the majority of cases that do occur are not foodborne.  C. perfringens is reported as causing foodborne illness in England and Wales at a rate similar to that of a number of other foodborne bacteria, such as Escherichia coli O157 and Listeria monocytogenes, but is subject to greater under-reporting than these.  There are also several other species of clostridium which have recently been associated with foodborne illness.  The risks of acquisition of foodborne illness by humans caused by any species of clostridium can be reduced significantly by good practices in food preservation, preparation and handling.



Botulism occurs in cattle, but this has not been identified as the source of a significant risk to human health.  



In the past 15 years, a small number of research projects have been supported by member organisations of the MSFFG, focused on reducing and managing the risks associated with the two main species of clostridium relevant to food safety.  This pragmatic approach has provided a basis for understanding how to manage specific risks associated with these two species.  There has been little research funded on the basic biology of either organism.  


It is unlikely that there needs to be any change in the approach to this area of research, unless one or other bacterium emerges as a more significant pathogen in the context of foodborne illness.
 

Lay Overview

Clostridia are a group of bacteria which can cause human disease.  Two are particularly associated with foodborne illness.  In each case, illness is caused by a toxin produced by the bacteria, rather than by the presence of the bacteria themselves. One of the illnesses, botulism, is rare in the UK, and when it does occur, it is very seldom foodborne.  Without treatment, botulism is often fatal.  The other type of clostridium associated with foodborne illness causes the usual symptoms of food poisoning: the numbers of reported cases of illness are similar to those due to other foodborne bacteria such as E. coli O157 and listeria.  There are also several other species of clostridium that have been associated with human foodborne illness, but none to a significant level.  Botulism also occurs in cattle, but is not thought to be a problem for food safety.

Foodborne illness due to all these bacteria can be prevented by good management of food preservation, preparation and handling.  Research has focused on identifying how best to do this, providing a basis for recommendations by the FSA to the food industry and consumers.
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UK Publicly Funded Research Relating to Clostridium

Research from 1990 to mid-2006

1. Introduction

1.1 The Microbiological Safety of Food Funders Group (MSFFG) has previously published reports giving an overview of the research funded by member organisations of the MSFFG relating to various food-borne pathogens including Verocytotoxin-producing Escherichia coli
, Campylobacter
, Salmonella
, Listeria monocytogenes
, Yersinia enterocolitica
, food-borne viruses
, Mycobacterium avium subsp. paratuberculosis
, Brucella
 and Farm and Abattoir Waste
.    As part of the ongoing process of considering research with all food-borne pathogens supported by MSFFG members, the group has undertaken a review of research on Clostridium spp as recorded in this report.



1.2 This report gives an overview of the progress in Clostridium-related research undertaken in the UK and funded by member organisations of the MSFFG.  Research in the period from 1990 to the middle of 2006 is summarised and set in the context of other research within the UK and overseas.  In addition an assessment is made of those areas where further research may be needed. 


1.3 Clostridium is a genus of anaerobic, Gram-positive, spore-forming bacteria which includes a number of human pathogens.  Several of these are known to be associated with food-borne illness including the more familiar Clostridium botulinum and Clostridium perfringens.  Less common species which have been found to be associated with food-borne disease include Clostridium butyricum, Clostridium tertium and Clostridium bifermentans.  All these bacteria are common in the environment, but very rarely cause food-borne, or other, disease in the UK.  Clostridium difficile is a more common cause of illness in humans associated with antibiotic treatment. 



1.4 C. botulinum occurs widely in soil and can survive for long periods of time in the form of heat-resistant spores.  It is also thought to be a normal minor component of the intestinal flora of food animals.  There are seven subtypes of C. botulinum, each expressing a different toxin, known as A-G.  These subtypes tend to be geographically distributed, probably reflecting climate and soil type as well as geographical separation.  Subtypes A, B and E are associated with human botulism, C and D with animal illness, whereas type G has not been associated with disease.  When growing, the bacteria produce one of the potent botulinum toxins which, if ingested even in very small amounts (nanogram quantities), cause a number of symptoms including blurred vision, difficulty in breathing and sometimes diarrhoea and vomiting.  Paralysis can also occur.  Providing there is the correct treatment, recovery occurs in most cases, but can take many months.  However, botulism is still fatal in 5-10% of cases.  



1.5 Humans can develop botulism as a result of consumption of food containing the botulinum toxin, through contamination of an open wound, injection of contaminated recreational drugs or by the therapeutic use of the toxin, or as a result of the ingestion of the spores followed by growth of the bacterium within the digestive tract.  This last form of botulism usually occurs only in infants, whose immune system and intestinal tract are immature and insufficient to prevent the growth of the bacteria, and is known as infant botulism.  Fatalities are rare in this type of botulism.
1.6 Food-borne botulinum toxin is found where spores of C. botulinum have germinated in foodstuffs in the absence of oxygen, and the bacteria have then grown and produced the toxin.  As the bacteria cannot grow in the presence of air, the botulinum toxin is generally produced in preserved foods where oxygen has deliberately been removed, such as tins and jars.  The spores of C. botulinum are heat resistant and can survive incorrect or inadequate processing of such foods, subsequently leading to spore germination, bacterial growth and toxin production.  The toxin itself is heat labile, and any that may be present prior to processing is destroyed by heating.  Food-processing and handling in order to ensure the destruction of C. botulinum is very effective and food-borne botulism is extremely rare in the UK: only six cases (two deaths) have been reported in the last fifteen years
.  Three cases of infant botulism have been reported in the same period.  Infant botulism is caused by the ingestion of C. botulinum spores, most often acquired from environmental sources rather than food.  However this disease has been associated with consumption of honey and corn syrup in the USA and there was a possible link with infant formula feed for one case in England (Brett et al (2005)). Although this is a very rare disease, infant foods that do not have a botulinum kill as part of their production process susceptible to contamination. 


1.7 The Food Standards Agency, through the Advisory Committee on the Microbiological Safety of Food (ACMSF) provides recommendations to the food industry on the safe production of vacuum and modified atmosphere packed foods, which are regarded as a possible source of concern.  The recommendations have been reviewed in the light of the findings of research project FSA B13006, which was reported to the ACMSF at its meeting in June 2006.


 
1.8 C. perfringens is widely distributed in the environment and commonly occurs in the intestine of humans, farm, companion and wild animals.  The bacterium forms spores that are highly heat resistant and, if they are present in food, can survive inadequate cooking and subsequently germinate leading to bacterial growth, should foods not be cooled and stored appropriately.  Toxins are not produced during bacterial growth in foods, but are produced after ingestion in association with sporulation
. Food-borne illness in humans is caused by consumption of foods containing high numbers of C. perfringens which sporulate and produce sufficient amounts of toxin within the intestine to cause illness.  Symptoms are abdominal pain and diarrhoea generally lasting for 24 hours. The numbers of reported cases of infectious intestinal illness caused by C. perfringens in United Kingdom are given in Figure 1 below
, and are similar to those of several other food-borne pathogens.  The number of sporadic cases of infectious intestinal disease caused by C. perfringens is likely to be higher than given, as there is significant under-reporting of illness attributable to C. perfringens (A Report of the Study of Infectious Intestinal Disease in England (2000)).


1.9 As with C. botulinum, there are several subtypes of C. perfringens capable of infecting both humans and animals, and there is evidence that some strains may be zoonotic (Eleazer and Harrell (1974), Droual et al (1994, 1995)).  Type A directly causes necrotic enteritis in poultry and very mild enteric disease in humans, while type C is a cause of human illness and has also been isolated from poultry.
 

1.10 C. perfringens is also a cause of infectious and antibiotic associated diarrhoea which usually occur in hospitals and care settings for the elderly (Borriello SP (1995)).  Whilst not classical food poisoning, food represents a source of the bacterium.
  
              

 Figure 1: Cases of food-borne illness in the United Kingdom due to specific food-borne pathogens
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2. Methods

2.1 This report is based on those research projects that are funded by the member organisations of the MSFFG.  At the time of writing this report, these were the Food Standards Agency (FSA), the Department for Environment, Food and Rural Affairs (Defra), the Biotechnology and Biological Sciences Research Council (BBSRC), the Department of Health (DH), the Department of Agriculture and Rural Development, Northern Ireland (DARD), the Environment Agency, the Food Safety Promotion Board of Ireland (FSPB), FSA Scotland, FSA Wales, FSA Northern Ireland, the Health Protection Agency (HPA), the Meat and Livestock Commission (MLC), the Medical Research Council (MRC), the Scottish Executive Environment and Rural Affairs Department Science and Research Group (SEERAD SRG) and the Scottish Executive Department of Health (SEDH).



2.2 The MSFFG project database
 was used to identify projects for inclusion in this report. Relevant projects were identified by searching the database for the terms “clostridia” and “clostridium”.  In addition, members of the MSFFG were requested to identify any projects which might have been omitted from the MSFFG project database. This gave a total of 29 projects which are listed in Appendix 1.  
2.3 Studentships have been omitted from consideration.



2.4 Research funded by other agencies, including the Wellcome Trust, Royal Society and NHS Scotland as well as international research is not included within the body of the report.  However, a summary of research funded through these bodies is given in section 3 below.



3. Research supported by other funding bodies

3.1 Within the UK, MSFFG members are not aware of any research of relevance to the role of Clostridium in food-borne illness supported by public-sector organisations which are not members of the MSFFG.  Internationally, the US Department of Agriculture
 supports approximately 20 relevant research projects on C. botulinum and  C. perfringens addressing a range of issues including molecular epidemiology, toxin production by both bacteria, management of food preservation, spore inactivation and identification and differentiation of strains of the bacteria.  The US National Institutes of Health (NIH)
 has little research effort relating to any Clostridium spp, although it is supporting one project to develop genetic tools for use with C. botulinum.  EU supported research
 relating to Clostridium spp is similarly limited, with only a few projects of relevance to food-borne illness.
  


3.2 The genome sequences of both C. botulinum
 and C. perfringens (Shimuzi et al (2002)) have been completed and the data released to the public domain.  The genomes of a number of other members of the genus have also been sequenced, and together these data are likely to lead to an increased understanding of the biology of all clostridia.



4. Research supported by the MSFFG


4.1 Projects relating to Clostridium botulinum


4.1.1 The principal focus of research relating to C. botulinum is the bacterium itself.  This takes the form of research into the molecular biology and physiology, generally applied to aspects which are relevant to food-borne disease, some assay development and work to understand, predict and manage the risk which C. botulinum poses to humans though food.  There has been no recent research relating to the pathology and virulence of the bacterium.


Molecular biology and physiology


4.1.2 A number of research projects have been funded to investigate the physiology and molecular biology of C. botulinum (BBSRC 0041212, 0042264, 02200749, 3258371, 4341058).  These have sought to provide insight into, and understanding of, the basic biology of the bacterium, and also of those aspects that are relevant to the safety of food.  For example, research has focussed on the physiology of germination and outgrowth of the bacterial spores from both proteolytic and non-proteolytic strains, looking at specific inhibitors and promoters of germination (BBSRC 02200749).  Other research has investigated the physiological response of C. botulinum to environmental stress during the same crucial biological events (BSBRC 0041212, 0042264,) or aimed to identify the underlying molecular events which support these responses (BBSRC 4341058).


4.1.3 Changing consumer practice with respect to food has offered new food environments for C. botulinum.  Some aspects of these changes have been examined in the broad context of the emergence and re-emergence of food-borne pathogens (BBSRC 3258371).  More recently, the sequencing of the C. botulinum genome and the development of DNA microarrays for the pathogen have offered opportunities for further understanding of the pathogen (BBSRC 0042264,
).


Assay development
4.1.4 From a food safety perspective, there is a need to be able to identify and quantify the presence of C. botulinum in foods.  A method to detect C. botulinum spores in food-stuffs, and differentiate them from those of other spore-forming bacteria using PCR methodologies was developed (Defra FS1268).  The sensitivity of detection was found to be slightly less than the conventionally used bioassay, which is based on toxin detection.  

4.1.5 The diagnosis of food-borne and infant botulism is primarily based on clinical observation. Laboratory confirmation is achieved by the detection of neurotoxin in specimens from the patient using a bioassay. Incidents of food-borne botulism are further investigated by the detection of toxin in food products, as well as the isolation of C.botulinum from clinical specimens and food. Assays have been developed which identify the presence of the different toxins based on their mode of action (Defra FS1249).  These have been shown to be able to identify the presence of toxins in a range of foods, with the required sensitivity and specificity, and it is planned to commercialise the assays once the necessary further development and validation is completed.  Work is also being undertaken to develop assays to detect activated botulinum toxins based on protease activity (Defra/VLA 05/017).  DARD have also supported internal research to develop improved assays for botulinum toxins C and D.



Risk management and assessment
4.1.6 Although food-borne botulism is extremely rare in the UK, there remains a need to determine the risk of humans being exposed to the botulinum toxin through consumption of foods, in particular cooked chilled foods and those which have undergone minimal processing.  Research has been undertaken to quantify the effects of heat-treatment and preservative factors on the germination of C. botulinum spores in order to determine how these affect the safety of minimally processed foods (BBSRC FQS02661).  Other research demonstrated that chilling of inadequately heat-treated spores reduced the number of spores capable of germination and growth (DH 117).



4.1.7 Considerable effort has gone into developing predictive models for the growth of C. botulinum in food (BBSRC 4347197, 4341058, Defra FS0904, FSA B01021).  Some of the data have been used in the development of the predictive models within the Food MicroModel database which has more recently been replaced by the Combase
 and GrowthPredictor
 databases. 



4.1.8 An independent group recently assessed the scientific evidence with respect to C. botulinum and its occurrence and management during the production of vacuum and modified atmosphere packed foods (FSA B13006).  The outcome from this review was presented to the ACMSF in June 2006
.
 

4.2 Projects relating to Clostridium perfringens
4.2.1 Interest in C. perfringens in relation to food safety focuses on the consequences of growth of the bacterium in food during cooling and storage after cooking. Since illness results from the ingestion of large numbers of the bacterium and subsequent toxin production, some research has been undertaken to determine whether all strains of C. perfringens produce toxins, and what effect different conditions have on toxin production (FSA B14006).  Results showed that there was variation in the degree of germination and subsequent toxin production by different strains of C. perfringens in response to a number of heating and cooling regimes commonly used in the catering industry.  No definitive conclusions were drawn but the results from the study did indicate that the heating and cooling regimes could have an impact on toxin production and that there was a need for awareness of this within the catering industry.  In the same project, it was found that 30% of the strains of C. perfringens associated with food poisoning had a plasmid-located enterotoxin (cpe) gene, which has not been previously reported in Europe or the US.



4.2.2 The FSA has supported the development of a computer programme, the Perfringens Predictor
 which predicts the growth of C. perfringens during cooling of meat (FSA B14009).  The model was validated, and demonstrated reproducibility, with ten heating and cooling regimes of relevance to the food industry, using different starting concentrations of C. perfringens and two different meats (beef and turkey).  The model was further validated by comparing the predicted results with those obtained experimentally: the Perfringens Predictor proved to give good predictions of growth of C. perfringens under a range of temperature conditions (FSA B14008).  In the same project, a model for the heating and cooling profiles within different regions of a solid body was also developed, and it was demonstrated that this could be combined with the growth model to give a model which was applicable to a variety of product sizes and cooling conditions.  Further research has been funded to continue the development of this predictive tool, in particular to address the effect of factors such as pH, salt and nitrite concentrations (FSA B13005).



4.2.3 It is also recognised that there are animal health issues with C. perfringens and two projects have been supported to investigate the occurrence and control of the bacterium in poultry (Defra LK0642, OC9610).  These are not directly relevant to food safety, but reduction in the numbers of C. perfringens in the food-supply chain, particularly poultry and poultry products, should assist in managing the risks of exposure of humans to the bacterium in food.


4.3 Projects relating to Clostridium in general


4.3.1 In line with research with many bacteria and other micro-organisms, there is some research being undertaken to develop molecular biological tools to be used in exploiting the various Clostridium genome sequences which have become available.  As well as work with C. botulinum (BBSRC 0042264,) molecular tools are being developed for Clostridium acetobutylicum and Clostridium difficile (BBSRC E13728/E13746).  It is likely that such tools will be of value when considering the molecular biology of other members of the genus.


4.3.2 The increasing availability of molecular biology techniques is being used to understand the control of initiation of sporulation in Clostridium.   This research takes advantage of comparative genomics of Bacillus subtilis and various clostridia, enabling an exploration of the impact of inactivating genes whose function in clostridia is predicted from those in B. subtilis (BBSRC 00141981/BBD5227971).



4.3.3 Research is being undertaken to develop novel lantibiotics and endolysins active against Clostridium spp.  Particular focus is on the potential of bacteriophage endolysins that may have potential to control disease states caused by C. perfringens and C. difficile in the gastrointestinal tract (BBSRC 00042222).
 


4.3.4 There has also been research to assess the frequency of occurrence of other Clostridium spp that could act as food-borne pathogens, to screen them for toxin production and to determine factors which would prevent their growth (FSA B14007).  Species studied included C. butyricum, C. barati, C. tertium and C. bifermentans.  It was found that some strains of C. butyricum and C. tertium exhibited some toxicity to Vero cells but it was concluded that this was so weak that growth of the organism in food was unlikely to be a significant factor in food safety.  It was also found that C. butyricum was more pH tolerant than C. botulinum, and this might need to be allowed for in the food industry.
4.3.5 A National Food Surveillance System has now been established in Scotland for collating local authority food sampling data, including those related to the detection of Clostridium in foodstuffs (FSA B14007). This surveillance process is currently being widened to cover the UK.
4.3.6 Following the Report of the Study of Infectious Intestinal Disease in England (2000) (the IID Study) an archive of faecal specimens from the study was established.  Methods were developed to extract the DNA from the samples and generate an archive of this extracted DNA (FSA B14004).  In a pilot study it was found that C. perfringens DNA could be detected in 98% of the samples from the archive which had tested positive for the enterotoxin, and 34% of the samples were found to have the gene for the C. perfringens toxin.  The archived DNA samples are currently being examined by PCR to identify a variety of agents of infectious intestinal disease, including C. perfringens (FSA B14005).  Results from this study will assist in understanding the frequency of occurrence of agents associated with gastroenteritis, and inform understanding of the under-reporting of their occurrence.     


5. Gaps in currently funded research

5.1 Although the frequency of reporting of food-borne illness in the UK due to C. perfringens is relatively low, and almost unknown with C. botulinum, both organisms represent a real concern in terms of possible food-borne illness in humans.  In particular, changes in consumer practice with respect to prepared foods require that there is good practice in the food industry where there is opportunity for either bacterium to flourish.



5.2 The focus of research relating to Clostridium spp and food-borne disease is primarily that of prevention of exposure of humans to the bacteria or their toxins, through good food preservation and management.  There is little research directed at understanding more of the biology of Clostridium spp.  Work in this area could provide opportunities for identifying new ways of reducing the risks associated with clostridial growth and toxin production in food and humans.  Specific examples of this could include the impact of sporulation conditions on the properties of the spores, and the importance of the development of long “tails” of spores during sporulation. 




5.3 Research is needed to develop and validate a number of assays.  In particular there are needs for a rapid, accurate assay to identify botulinum toxin after culture of C. botulinum, for better methods of detecting the toxin in clinical, food, animal, animal feed specimens, for methods for detection of C. botulinum virulence factors and for improved methods for identifying C. perfringens. 



5.4 In the ACMSF report on Infant Botulism
, it is noted that there is a possibility that some cases of Sudden Infant Death Syndrome (SIDS) could be misdiagnosis of extreme forms of infant botulism.  There are no UK data to contribute to this question, and the current scientific evidence is inconclusive.  The report suggested that there would be merit in assessing the link between infant botulism and SIDS, and recommended that research into this issue be undertaken in the UK
.


5.5 In the ACMSF report Botulism in Cattle
, it is noted that there may be a need to undertake studies of the levels of botulinum toxin and spores of C. botulinum in milk from cattle affected by the bacterium.  Research on the stability of botulinum toxins types A to E in milk with and without pasteurisation is also suggested.



5.6 With developments in food processing, there is a need for research to determine the stability of botulinum toxins in non-thermal food processing.



5.7 Several other strains of Clostridium spp have recently been identified in association with food-borne illness.  Further understanding of the risk these organisms present to food safety may require surveillance studies, supported by appropriate assay development.


6. Conclusions

6.1 C. botulinum is a serious, but very rare, cause of food-borne illness in the UK.  In recent years there has been little research relating to the bacterium in the context of food safety, as this has not been considered necessary.  What research there has been provides some insight into the basic biology of the organism, addresses the need for improved assays for the toxin and considers the risks associated with the pathogen in the context of food safety.  Such levels of research are appropriate to the organism and the risks it presents to human health.  The exception is the need for continuing assay development, including the need for improved assays for the toxin which are validated and accepted by the relevant scientific and food safety communities.



6.2 In contrast, C. perfringens is a less serious but more common cause of gastrointestinal illness associated with food.  There has been very little research on this bacterium focused on food safety, and also only a very limited amount of research on the animal health implications of the occurrence of the bacterium in poultry.  It is recognised that C. perfringens is a more frequent cause of food-borne illness than is generally reported, and this understanding would be assisted by the development of improved assays and further surveillance.



6.3 Other Clostridium spp linked with food-borne illness appear to be of limited significance in the broad picture of human health and the microbiological safety of food.
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Glossary 
Anaerobic bacteria
Bacteria which are unable to grow in the presence of oxygen (air).

Bacteriophage
A virus that infects bacteria.
Bacillus subtilis
A Gram-positive, spore forming bacillus. It is extensively researched and provides a valuable tool for investigation of other Gram-positive spore forming bacteria, such as Clostridium spp.
Gram positive bacteria

Gram-positive bacteria are those that are stained dark blue or violet by Gram staining, in contrast to Gram-negative bacteria, which are not affected by the stain and which stain pink with the counter stain. The staining is due to the structure of the cell wall, which is different from that of Gram-negative bacteria.

Endolysin

A bacteriophage encoded enzyme that destroys bacteria infected by the bacteriophage. 
Enterotoxin

A toxin produced by bacteria that is specific for intestinal cells and causes the vomiting and diarrhoea associated with food poisoning.
Infant botulism
A rare condition that occurs when a baby less than one year old ingests spores which germinate to produce bacterial cells that multiply in the gut and release toxin. In most adults and older children, this would not happen because the natural defences which have developed in an adult gut would prevent the growth of Clostridium botulinum. In some babies, these defences have not yet developed, and so this gives the infection a chance to get a foothold and produce the toxin (hpa.org.uk).
Lantibiotics

A group of peptides with antimicrobial action, primarly against Gram-positive bacteria.

Non-proteolytic strains
Species and strains of Clostridium that cannot use amino acids as a source of energy and which therefore do not break down protein.


PCR

The Polymerase Chain Reaction. A technique used extensively to generate multiple copies of a target DNA sequence by amplification.

Proteolytic strains
Species and strains of Clostridium that can metabolise amino acids as a source of energy and which therefore break down protein
Spores
Thick walled, heat and desiccation resistant single cell structures formed by some species of bacteria, including Bacillus and Clostridium.  They have very low metabolic activity and can survive for many years.  On germination, they give rise to vegetative cells.
Vero cells

A line of mammalian culture cells routinely used to test the presence of toxic compounds.

Zoonosis/Zoonotic

Diseases and infections which are transmitted naturally between vertebrate animals and man.

Appendix 1: projects from the MSFFG database used in this report

	Project Code
	 Title
	 Funder
	 Institution
	 Start Date
	 End Date

	BBD0014981
	Initiation of endospore formation in clostridia
	BBSRC
	University of Wales
	Jan-2006
	Dec-2008

	BBD5227971
	Initiation of endospore formation in clostridia
	BBSRC
	University of Nottingham
	Jan-2006
	Dec-2008

	41212
	Physiology and molecular biology of Clostridium botulinum
	BBSRC
	Institute of Food Research 
	Apr-2000
	Mar-2005

	0042222
	Development and exploitation of novel antimicrobial genes
	BBSRC
	Institute of Food Research
	Apr-2005
	Apr-2007

	0042264
	Understanding and improving prediction of the behaviour of Clostridium botulinum
	BBSRC
	Institute of Food Research 
	Apr-2005
	Apr-2007

	2200749
	Germination & outgrowth of spores of non-proteolytic & proteolytic Clostridium botulinum
	BBSRC
	Institute of Grassland and Environmental Research 
	Apr-1995
	Mar-1998

	3258371
	Food Safety
	BBSRC
	Institute of Food Research 
	Apr-1998
	Mar-2001

	4341058
	Behaviour and prediction of microbial pathogens in food
	BBSRC
	Institute of Food Research 
	Apr-1999
	Mar-2000

	4347197
	Research on factors allowing a risk assessment of spore- forming pathogenic bacteria in cooked chilled foods containing vegetables (RASP)
	BBSRC
	Institute of Food Research 
	Oct-1997
	Sep-2000

	E13728
	The development of genetic systems to facilitate the exploitation of Clostridium genome information
	BBSRC
	University College London
	Jan-2001
	May-2004

	E13746
	The development of genetic systems to facilitate the exploitation of Clostridium genome information
	BBSRC
	University of Nottingham
	Jan-2001
	Jun-2004

	FQS02661
	Effect of sub-optimum conditions on the dynamics of germination of spores of non-proteolytic Clostridium botulinum
	BBSRC
	Institute of Food Research 
	Jan-1995
	Jan-1998

	FS1268
	Develop a rapid & specific PCR method to detect Clostridium botulinum spores in food and environmental samples
	Defra
	Central Science Laboratory
	Apr-1997
	Mar-2000

	LK0642
	Bacteriophage mediated control of Clostridium perfringens in poultry
	Defra
	Centre for Applied Microbiology and Research
	Sep-2000
	Oct-2003

	OC9610
	PCR assays for Clostridium perfringens toxins of veterinary importance
	Defra
	Defence Evaluation and Research Agency
	Jul-1997
	Dec-1998

	05/017
	Detection of botulinum toxin in bovine muscle using a novel PCR-based method
	Defra/VLA
	Veterinary Laboratories Agency
	Jan-2005
	Dec-2006

	117
	Factors affecting the heat resistance of spores of non-proteolytic strains of Clostridium botulinum and the effect of preservation conditions on growth of heat damaged spores
	Department of Health
	Institute of Food Research 
	Sep-1991
	Sep-1992

	B01021
	Challenging and validating Clostridium botulinum for Food MicroModel
	FSA
	Central Science Laboratory
	Sep-2000
	Apr-2002

	B13005
	Expansion of the Perfringens Predictor model to include pH, nitrite and salt concentrations in its predictions.
	FSA
	Institute of Food Research 
	Oct-2005
	Jul-2006

	B13006
	Microbial Risk Management: Clostridium botulinum in vacuum and modified atmosphere packed (MAP) chilled foods
	FSA
	Institute of Food Research 
	Dec-2005
	Mar-2006

	B14004
	Generation of an archive of extracted nucleic acid for the IID archived faecal specimens
	FSA
	Health Protection Agency 
	Jan-2003
	Dec-2007

	B14005
	Apply molecular techniques to the nucleic acid archive generated from stool samples archived from the Infectious Intestinal Disease Study
	FSA
	Health Protection Agency 
	Jan-2004
	Dec-2005

	B14006
	Assessment of the ability of Clostridium perfringens strains to produce enterotoxin after exposure to defined environmental conditions 
	FSA
	Health Protection Agency 
	Nov-2002
	Nov-2005

	B14007
	Food safety implications of potentially pathogenic Clostridia.
	FSA
	University of Reading
	Dec-2002
	Feb-2006

	B14008
	Development and validation of a versatile model for predicting growth of Clostridium perfringens during cooling of meat
	FSA
	University of Reading
	Sep-2002
	Aug-2003

	B14009
	Improved control of Clostridium perfringens
	FSA
	Institute of Food Research 
	Sep-2002
	May-2004

	S01005
	National Food Surveillance System For Scotland
	FSA
	Scottish Centre for Infection & Environmental Health
	Mar-2001
	Mar-2004

	FS0904
	Predictive modelling of pathogen growth and survival: Clostridium botulinum
	MAFF
	Veterinary Laboratories Agency
	Apr-1991
	Mar-1994

	FS1249
	Development of assays for Clostridium botulinum toxins in foods
	MAFF
	Centre for Applied Microbiology and Research
	Apr-1996
	Sep-1999







































































�� HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/vtec" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/vtec�	


�� HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/campylobacter" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/campylobacter�


�� HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/msffg/55669" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/msffg/55669�


��HYPERLINK http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/listeria ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/listeria�


�� HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/yersinia" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/yersinia�


�� HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/msffg/msffgfbv2005" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/msffg/msffgfbv2005�


� � HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/msffgmapreport" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/msffgmapreport�


� � HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/mffsgbrucellareport" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/mffsgbrucellareport�


� � HYPERLINK "http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/mffsgfarmabatoirreport" ��http://www.food.gov.uk/science/research/researchinfo/foodborneillness/microfunders/mffsgfarmabatoirreport�


� � HYPERLINK "http://www.hpa.org.uk/infections/topics_az/botulism/Data.htm" ��http://www.hpa.org.uk/infections/topics_az/botulism/Data.htm�


� � HYPERLINK "http://www.cfsan.fda.gov/~mow/chap11.html" ��http://www.cfsan.fda.gov/~mow/chap11.html�, http://www.hpa.org.uk/infections/topics_az/clostridium_perfringens/gen_inf.htm


� Northern Ireland data are not comparable and are therefore omitted.


� Data supplied by the Food Standards Agency.  The data exclude cases thought to be acquired abroad.  Further data can be found at the HPA web site. �HYPERLINK "www.hpa.org.uk"��www.hpa.org.uk�. 


� The MSFFG maintains a database containing information about research projects in the area of the microbiological safety of food that are funded by the members of the MSFFG.  Members of the Group provide the project information from their respective project record systems.  The earliest projects within the database were initiated in 1990.  Some historic project data from member organisations joining the MSFFG in 2005 (eg the EA, HPA, MLC, MRC) may be unavailable to the database.  � HYPERLINK "www.msffg.org.uk" ��www.msffg.org.uk�


� http://fsrio.nal.usda.gov/index.php


� http://crisp.cit.nih.gov/


� http://ica.cordis.lu/search/index.cfm


� http://www.sanger.ac.uk/Projects/C_botulinum/


� http://www.combase.cc/


� http://www.ifr.ac.uk/Safety/GrowthPredictor/


�  � HYPERLINK "http://www.food.gov.uk/multimedia/pdfs/acm777.pdf" ��http://www.food.gov.uk/multimedia/pdfs/acm777.pdf�  and  � HYPERLINK "http://www.food.gov.uk/multimedia/pdfs/acm777annex.pdf" ��http://www.food.gov.uk/multimedia/pdfs/acm777annex.pdf�  


� http://www.ifr.ac.uk/safety/growthpredictor/


� �HYPERLINK http://www.food.gov.uk/science/ouradvisors/microbiogsafety/55817/acmsfreports ��http://www.food.gov.uk/science/ouradvisors/microbiogsafety/55817/acmsfreports�


� � HYPERLINK "http://www.food.gov.uk/multimedia/pdfs/botulismincattlereport.pdf" ��http://www.food.gov.uk/multimedia/pdfs/botulismincattlereport.pdf�  (report) and � HYPERLINK "http://www.food.gov.uk/multimedia/pdfs/botulismincattle.pdf" ��http://www.food.gov.uk/multimedia/pdfs/botulismincattle.pdf�
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