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Introduction
Foodborne infections remain a major public health problem, resulting in significant illness (ranging from mildly illness lasting a few days to, in some instances, chronic problems or morbidity). The economic impact associated with foodborne diseases is now also receiving increasing attention in the scientific literature. The economic impact of foodborne disease relate not only to diagnostics and medical treatment of sick persons, loss of time at work by infected individuals but also to loss of company goodwill if a product has to be recalled or is implicated in a law suit. Foodborne pathogens are not confined by country borders, but are easily spread between countries as a result of a now global food trade and increased tourism. Thus, control of foodborne infections can only be achieved by collaborative efforts within and between countries and continents. A proactive approach to reduce foodborne illness requires research to promote better understanding of what enables organisms to establish themselves in particular environments and to establish the steps in the food production chain where efficient and cost-efficient control strategies may be applied. The value of Quantitative Risk Assessments (QRA) to establish and control the risk posed by microbial pathogens (emerged and emerging) is now being recognised. It has particular application in supporting risk management actions in both regulatory and hazard analysis critical control point (HACCP) programmes and is now being used as a food safety management tool both at national and international level. QRA is a scientifically based process, which consists of four key areas (hazard identification, exposure assessment, hazard characterisation and risk characterisation) as adopted by the Codex Alimentarius Commission (FAO/WHO, 1997). Risk estimates can be calculated based on different scenarios and assumptions, and can help identify the stages in the food chain which contribute most to the risk and to evaluate the effectiveness of various control/ strategic intervention options. Examples of two ongoing QRA approaches to control E. coli O157:H7 in minced beef (Irish Dept of Agriculture funded project) and Cryptosporidum parvum in beef and lettuce (EU Framework V project) are described below 

· Verocytotoxigenic E. coli
Verocytotoxigenic Escherichia coli, in particular serogroup O157, have emerged in the last fifteen years as important foodborne pathogens. They are of considerable concern not only because of their increasing incidence worldwide but because of the severity of infection and the low infectious dose.
Hazard identification: The hazard for this risk assessment has been defined as E. coli O157:H7 in minced beef in Ireland. Products being included in the study are beef burgers (fresh and frozen) and mince as a component part of meal 

Exposure assessment: This stage in the process involves the estimation of the numbers of E. coli O157:H7 likely to be ingested in a single serving of contaminated mince beef. The numbers as well as the incidence of E. coli O157:H7 are being determined at various points in the minced beef chain including beef slaughter, mince beef/ burger production, retail distribution and home preparation/cooking. A year long surveillance study is ongoing at a commercial beef abattoir which aims to examine 1500 beef animals for E. coli O157:H7. The first sampling point for E. coli O157:H7 contamination is the rump area on the hide of the slaughtered animal. To date, 341 hide samples have been analysed with 28 presumptively positive for E. coli O157:H7. The numbers present ranging from log100.005 to 1.43 cfu/cm2. This will provide the input data for contamination levels to the risk model. The incidence and numbers of the pathogen are also being determined on beef carcasses before and after chilling and steam decontamination procedures. This should allow the risk model to determine the impact that chilling and steam decontamination each have on overall risk. The final sampling point in the beef slaughter process is beef trimmings which is the input material for beef burger production. To date beef trimmings (n=312) have been analysed with 11 presumptively positive for E. coli O157:H7, the numbers present ranging from log10 0.7 – 2.47cfu /g.

Predictive microbiological models are being employed to estimate the effects of freezing, storage, ingredient composition and cross contamination on survival and transmission of the pathogen.

At the retail stage of the beef chain, a year long nationwide surveillance study (March 2001-2002) was conducted to determine the incidence and numbers of E.coli O157:H7 present on minced beef products (n=1500) sold in Irish retail outlets (supermarkets and butcher shops). 43 samples tested positive for E.coli O157:H7 with counts ranging from log100.60 - 4.03cfu/g. A definite seasonal effect was observed with a peak in incidence of the pathogen observed in April / May.

On the domestic side, a consumer survey is being conducted to ascertain consumer practices in the preparation of beef which will be used in setting assumptions in the risk model. In addition, inoculation experiments will be carried out to establish typical transfer/cross contamination rates for E. coli O157:H7 in the domestic environment. The above data is being linked to data on the consumption of mince beef in Ireland. Of particular interest is the amount of mince (g) typically consumed at a single setting, the type of mince beef / burger eaten and the age profile of a typical consumer.

Hazard characterisation: This stage of the process is relating the amount of E. coli O157:H7 ingested to the clinical outcome in terms of potential illness and deaths. It is taking into account the virulence of strains, consumers at risk and dose response data. The data on infectious dose levels is being taken from the literature. Case histories of infected patients (source of infection, age profile of patients and health status) are being collated. Over the five year period spanning 1996-2000 the total numbers of cases of E. coli O157:H7 infection in humans in Ireland was 203 with numbers of cases each year ranging from 8 in 1996 to a peak of  76 cases in 1998. 

Risk characterisation: This final step in the process involves the analysis of the above data to estimate the risk posed by E. coli O157:H7 with attendant uncertainties. The estimate of risk will be expressed as number of illness /deaths per number of consumed meals. Different risk estimates can be calculated based on different scenarios or assumptions, which will help identify the stages in the chain which contribute most to the risk and to evaluate the effectiveness of various control options. 

2) Cryptosporidium parvum

Introduction

C. parvum is a  parasite which has been linked to water and food borne illness. The clinical symptoms of C. parvum infection include acute watery diarrhoea with abdominal pain, accompanied by vomiting and low grade fever. The infectious dose is low (~30 oocysts) and there are no specific antibiotics or drugs available for treatment. In the last ten years the number of outbreaks linked to this parasite has increased worldwide and infection has been linked to contaminated drinking and surface water and to a range of foods including unpasteurised milk, offal, salads, sausage, chicken salad and apple cider. The source of many C. parvum infections are never identified due to a lack of routine isolation and detection methods. Overall, the scientific knowledge on this pathogen, particularly in the food chain, is still very limited. A quantitative risk assessment on this parasite in beef and lettuce is currently underway through an EU framework programme which should hopefully go someway to address the risk that parasites such as C. parvum pose in food.

Hazard identification: The hazard for this risk assessment has been defined as C. parvum in meat and salads. Products being included in the study are beef, veal and lettuce.

Exposure assessment: This stage in the process is estimating the numbers of C. parvum likely to be ingested in a single serving of contaminated beef or lettuce. The initial part of this research focused on the development of methods for the isolation of C. parvum oocysts from food samples (meat and salads). These are among the first report in the literature of methods specially designed for isolation of C. parvum oocysts from food samples and has allowed surveillance studies to be carried out on food samples; and for studies on the survival and virulence of the parasite under typical food processing conditions to be conducted. 

Fresh beef and veal: Research being generated for the exposure assessment includes data on the prevalence and numbers of C. parvum in cattle faeces (rectal swabs); beef carcasses (rump and brisket); in water used for carcass washing and also contamination levels on veal carcasses. Predictive models are being developed to estimate the reduction in numbers of oocysts on beef as a result of freezing, chilling, relative humidity/ aw, and cooking.

Lettuce: Research being generated for the exposure assessment includes data on the prevalence and numbers of C. parvum in manure/slurry; waste waters; reductions on lettuce as a result of intervention treatments; reductions during storage at chill temperatures and under modified atmosphere packaging; and contamination levels on lettuce at retail level.

Hazard characterisation: This stage of the process is aiming to relate the amount of C. parvum ingested to the clinical outcome in terms of potential illness and deaths. It is taking into account the virulence of the parasite, consumers at risk and dose response data. The data on infectious dose levels will be taken from the literature. 

Risk characterisation: This final step in the process involves the analysis of the above data to estimate the risk posed by C. parvum with attendant uncertainties. 

Conclusion
A key benefit of conducting formal risk assessment such as the above two described models is that it provides a basis for considering immediate actions based on available data while simultaneously identifying where additional data and knowledge would enhance food safety management. Risk assessment is driven by data and for many emerging pathogens, the lack of appropriate data can result in a risk assessment with a high degree of uncertainty (poor risk estimate). World-wide data gathering, enhanced epidemiology, disease reporting and multi-disciplinary collaboration are the key to the development of realistic risk models which can be of real benefit in fighting food poisoning. 

