Three components in risk analysis framework 1. Risk assessment 3. Risk communication

Risk management

Risk assessment and, more generally, risk management have to be carried out in consultation with all interested parties, considering risk assessment and other factors relevant for the health protection of consumers and for the promotion of fair-trade practices, and, if needed, selecting appropriate prevention and control options.

It is the risk manager's responsibility to consider the risks alongside other decision criteria (i.e. "other legitimate factors"), such as nutrition, food security, social & cultural aspects, technical feasibility, cost-vs-benefit, and environmental and economic aspects (FAO, 2017) 1. Identifying food safety issue, then aggregating available scientific information into a risk profile that will guide further action, then establish goals etc.

2.

Identifying and evaluating various options for managing the risk (e.g. controlling, preventing, reducing, eliminating or in some other manner mitigating).

FAO and WHO (2021)

3. implementing of the selected management options (regulatory standards, other safety measures (HACCP, consumer education …), oversight/control by the relevant stakeholders (industry, government, customer, National food safety authorities…).

4. monitoring and review activities to determine whether the measures are achieving the goals they were meant to achieve, and whether they are having any other unintended effects..

-Risk communication

The interactions between risk assessors and risk managers should be ongoing throughout the process:

• Risk assessors and risk managers should discuss and agree on which stakeholders are consulted throughout the process; • The risk perception of stakeholders, including industry and consumers must be understood. Ideally, all stakeholder groups should be involved from the start;

The objectives of risk communication:

• to inform and enhance risk assessment and risk management strategies, i.e. implementing chosen risk management options; and • to enable people exposed to the risk to be involved in how they protect their own and others' health from the food safety risk;

Risk communication is a two-way process which involves understanding and consideration of all stakeholder feedback, perceptions and willingness to accept risk into the risk analysis process and the formulation of the most appropriate risk management strategies.

1-Risk assessment

A scientifically based process consisting of the following steps: (i) hazard identification;

(ii) exposure assessment;

(iii) hazard characterization; and, (iv) Risk characterization

To provide risk managers with a rational and objective picture of what is known, or believed to be known, about health risk and its causes at a particular point in time.

Risk assessment may be based on judgments and choices that are not entirely scientific, and risk managers need a sound understanding of scientific approaches and assumptions used by risk assessors.

FAO and WHO (2021)

Risk assessment: Hazard identification

A qualitative process:

• The identification of infectious agents or toxins produced by microorganisms;

• The identification of associations between microbiological hazards and specific food commodities and certain high-risk groups in the population.

FAO and WHO (2021)

Risk assessment: Exposure assessment A qualitative and/or quantitative evaluation of the likely intake of a microbial hazard via specific foods:

• In a portion of food or a volume of water, taking into account all pertinent parts of the food chain and pathways; • The frequency and amount of food and water consumed in a given period for a given (sub-) population.

Often the exposure assessment detail the various steps of the farm-to-fork pathway, so that the influence of individual steps/ processes, or changes to them, can be assessed.

FAO and WHO (2021)

Risk assessment: Hazard characterization A description of the adverse effects for different subpopulations:

• e.g. diarrhoeal illnesses, hospitalizations and deaths;

• They may include sequelae and their likelihood, and articulation of a doseresponse relationship where possible;

FAO and WHO (2021)

Risk assessment: Risk characterization

The integration of the three previous steps to derive a risk estimate, i.e. an estimate of the likelihood and severity of the adverse effects that occur in a given (sub-)population, with associated uncertainties from consumption of a food contaminated with the hazard.

It is in the risk characterization step that the results of the risk assessment are presented

FAO and WHO (2021)

From qualitative to quantitative risk assessment; 1.

Qualitative risk assessment: based on data which, while forming an inadequate basis for numerical risk estimations, nonetheless, when conditioned by prior expert knowledge and identification of attendant uncertainties permits risk ranking or separation into descriptive categories of risk.

Example: Faecal pollution in recreational-water environments:

• Risks due to faecal loading sewage outfalls, riverine discharges and bather shedding; • The Annapolis protocol and its revision ( WHO, 1999WHO, , 2003)): move away from of faecal indicator bacteria to the use of a qualitative ranking of faecal loading in recreational-water environments.

Taking into account wastewater discharge:

From qualitative to quantitative risk assessment; 2.

Quantitative risk assessment (QMRA): A risk assessment that provides numerical expressions of risk and indication of the attendant uncertainties (stated in the 1995 Expert Consultation definition on Risk Analysis).

Example: Salmonella in table eggs:

EFSA ( 2014) assessed the public health risk posed by the period of time between laying and consumption and by the storage conditions of eggs. Scenarios analysed Some of the obtained results:

• Extending the sell-by date from 21 to 28 days, but leaving best-before date unchanged, resulted in a relative risk of illness of 1.5 for lightly cooked egg meals; • In the worst-case scenario considered, the risks of illness were 2.9 and 3.5.

• the implementation of refrigeration during the retail (0-12 °C) reduced the risk with an extension of up to 3 weeks in the sell-by date, and 1 or2 weeks of the best-before date.

From qualitative to quantitative risk assessment; 3. A score is calculated from 0 to 100: -100 represents the worst scenario: every member of the population consumes a lethal dose every day; -0 was arbitrarily set to equate to one mild diarrhoeal case per 100 billion people per 100 years.

"Risk assessments can be quantitative or qualitative in nature, but should be adequate to facilitate the selection of risk management options. The decision to undertake a quantitative or qualitative risk assessment requires the consideration of multiple factors such as the availability and quality of data, the degree of consensus of scientific opinion and available resources."

USA National Advisory Committee on Microbiological Criteria

for Foods noted (USNACMCF, 2004)

The baseline risk

The baseline risk: the existing level of risk, i.e. the level of risk without any changes to the current system;

• almost always carried out in practice;

• does not always need a fully detailed farm-to-fork risk assessment and could instead rely mostly on epidemiological data and knowledge of underreporting rates.

Usefulness: Probabilistic models: Input variables are described as a probability distribution of possible values. • Most parameters such as pathogen prevalence in primary production, pathogen concentration and growth, storage temperatures, serving size, and storage times are better described as distributions • In stochastic models, scientific data are used to generate and define probability distributions for each input variable. They are then combined to determine the probability distribution of an adverse outcome.

However, the risk estimated in deterministic model is also a probability of adverse impact

! Variability

 Uncertainty

Exposure and distribution of pathogens in inoculum

Organisms are rarely randomly distributed in an inoculum! Important to know whether pathogen aggregates remain intact during inoculum preparation or in the gastrointestinal tract : → It affect the stochastic distribution of doses within an inoculum; → It affects the dose-response model; e.g. for norovirus, ID50 were:

• 1,015 genome copies for the aggregated inoculum;

• only 18 viruses for the disaggregated virus!

(Teunis et al., 2008)

For randomly distributed pathogens in a low-contaminated serving:

• The probability of k pathogen in a serving of m grams, a binomial law …:

𝑝 𝐷 = 𝑘 = 𝑛 𝑘 𝑟 𝑘 × 1 -𝑟 𝑛-𝑘
where r=m/M and n=CM, C being the average concentration of pathogens in the serving, M a mass of food high enough to have n pathogen within it.

𝑝 𝐷 = 𝑘 ≈ 𝑒 -𝑚×𝐶 × 𝑚 × 𝐶 𝑘 𝑘!

• … that converges to a Poisson distribution:

Major steps in the contamination-infection-disease process result from interactions between the hazard, the host and the matrix.

When the disease requires only infection by one pathogen (without the dose affecting its severity), the single success model possible:

𝑝 𝐷 = 𝑘 = 𝑛 𝑘 𝑟 𝑘 × 1 -𝑟 𝑛-𝑘
Main dose-response models; 2.

• The binomial model:

• The linear model:

• The exponential model:

• The Beta-Poisson model:

• The hypergeometric model:

𝑃 𝑖𝑛𝑓 𝑛 𝑝 1 = 1 -1 -𝑝 1 𝑛 𝑃 𝑖𝑛𝑓 𝐷 = 𝑟 × 𝐷 𝑃 𝑖𝑛𝑓 𝐷 = 1 -𝑒𝑥𝑝 -𝑟 × 𝐷 𝑃 𝑖𝑛𝑓 𝐷 = 1 -1 + 𝐷 𝛽 -𝛼 𝑃 𝑖𝑛𝑓 𝐷 = 1 -1 𝐹 1 𝛼, 𝛼 + 𝛽, -𝐷
Main dose-response models; 3.

WHO (2020)

Quantitative risk measurements / estimates

Quantitative Microbial Risk Assessment must combine

• A measure of the probability/amount of the hazard occurring; and

• The severity of the health effect should that hazard occur.

A risk: "a function of the probability of an adverse health effect and the severity of that effect, consequential to a hazard(s) in food"

A particular measure of risk is not straightforward, and must be discussed between the risk manager, the risk assessor, and other interested stakeholders

Codex Alimentarius

Various "metrics" possible:

• Risk of some outcome per serving, per year, per people, at the (subpopulation level …; • Number of adverse outcomes: e.g. illnesses, HUS, hospitalisations, deaths …; • Some non-monetary indexes:

• The Disability-Adjusted Life Year (DALY) ;

• The Quality-Adjusted Life Year (QALY ); • Some monetary valuation of public health.

• the summation of Year Life Lost (YLL) and Year Life Disability (YLD); • Enable to mix/compare the health effect of diverse pathogens and health outcomes;

Different ways to achieve a goal; a simple method proposed by the World Health Organization to secure wastewater irrigation The objective of the World Health Organization

Propose an integrated approach aimed at securing the supply of fruits and vegetables eaten raw, taking into account the possibility of contamination removal at different stages between production and consumption (especially for developing countries that cannot access tertiary treatment of waters before their use).

Removal Value (RV) and Log 10 Removal Value (LRV):

Initially:
Step 0

Step i Step 1

Step 2 Finally:

Step n

C 0 C 1 C 2 C i C n 𝑅𝑉 = 𝐶 0 𝐶 𝑛 = 𝐶 0 𝐶 1 × 𝐶 1 𝐶 2 × ⋯ × 𝐶 𝑖-1 𝐶 𝑖 × ⋯ × 𝐶 𝑛-1 𝐶 𝑛 𝐿𝑅𝑉 = 𝑙𝑜𝑔 10 𝐶 0 𝐶 𝑛 = 𝑙𝑜𝑔 10 𝑅𝑉 1 +𝑙𝑜𝑔 10 𝑅𝑉 2 +…+𝑙𝑜𝑔 10 𝑅𝑉 𝑖 +…+𝑙𝑜𝑔 10 𝑅𝑉 𝑛 =𝑅𝑉 1 × 𝑅𝑉 2 × ⋯ × 𝑅𝑉 𝑖 × ⋯ × 𝑅𝑉 𝑛
A two-way street; 1. Comply with the standard Hemolytic uremic syndrome (HUS):

• A significant risk factor:

• The consumption of undercooked ground beef patties (Espié et al., 2007);

• French specificities:

• 44% of the eaten ground beef patties were frozen ones;

• the use of a frying pan to cook meat in;

• few consumers eat "well-done" patties.

The objective and work design of the study QMRA on E. coli O157:H7 before Delignette-Muller et al. (2008) work:

• farm-to-fork studies, including an exposure model from the contamination of the feces of the cattle to the contamination of one serving; • A single dose-response model used for every consumer, whatever his age, except one model who distinguished children (>5 years) from adults; • None directly gave the probability of HUS, some proposing to multiply the illness probability by a coefficient … between 3 and 15%;

The objective of Delignette-Muller and Cornu work: to conduct a QMRA for HUS caused by E. coli O157:H7 in frozen ground beef patties consumed by young children in French household that distinguish <5 and 5-10 years groups;

A three stage approach:

1. an exposure assessment from distribution to consumption that account for food individual practices that depend on the age group <5 and 5-10 years), 2. a hazard characterization that depends on the age group, and that directly estimate HUS hazard, and 3. a scenario analysis to validate the use of the model and to suggest appropriate guidelines in order to prevent new outbreaks.

Working on a French outbreak in 2005

• An outbreak of E. coli O157:H7-associated illness, linked to the consumption of frozen ground beef patties;

• All the ill persons (HUS or diarrhea cases) had eaten at home frozen ground beef patties from the same industrial batch, the patties from this batch being retailed by only one retailer who was able to precisely estimate the number of patties sold for home consumption and not returned;

• 17 HUS cases were reported:

• 10 children <5;

• 6 children between 5 and 10 years;

• 1 adult.

Exposure assessment per age group; 1. The number of servings

𝑝(𝐷 = 𝑘) = 𝑒

The serving size (g)

The initial C(E. coli) (cfu.g -1 )

The effect of cooking on C(E. coli) 

  Semi-quantitative risk assessment: … difficult to define! (An intermediate case between the two previous ones) Example: Seafood safety using RiskRanger* (), Australia (Sumner et al. (2004) • 11 questions to describe the factors throughout the food chain that affect the food safety risk. (Answers may be quantitative terms or predetermined categories). Qualitative answers are converted to quantitative values; • Population-specific. (*Decision support software available at https://www.cbpremium.org/)

  The most common cause of acute renal failure that occurs preferentially among children under 10 years (Liu et al., 2007; Razzaq, 2006); • In France, 73 to 105 HUS sporadic cases were reported each year over the last 10 years among children under the age of 15 (Espié et al., 2007). • Among these cases, 78.7% of patients were children under 5 years of age and 16.1% children between 5 and 10 years of age.
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  Deterministic and probabilistic QMRAsDeterministic models: Inputs are values with no variability or uncertainty:• A single value (e.g. average, highest level, most often observed value, 95th percentile …) is chosen to characterize each input variable, such as the concentration in the food, the log removal from cooking, the amount of food consumed per serving, the frequency of consumption …; • The individual point estimates are combined using mathematical models to generate a point estimate of exposure, and, through a dose-response model, the consequent risk. The effects of changes to model variables can then be investigated by 'what-if' testing to generate outputs.

	Exposure, risk characterisation, impact metrics
	it, e.g. by directly linking exposition to a clinical symptom (HUS …) QMRA: exposure, Pathogen • QMRA may consider all the chain or simplify ingestion
	risk characterization, Exposure Contamination
	impact metrics Infection	
	Illness (cl. symptoms)
	Risk Risk, but various "metrics" • No real frontier between Impacts and to express impacts, including: • Number of ill persons; • Number of symptoms (HUS …);	Asymptomatic carriers Impacts Inefficiency, Hospitalisation, Chronic sequelae, Death, Economic cost
	• Disability Adjusted Life Years (DALY);	
	• Health cost;	
	• …	

• Comparing risk intervention strategies;

• Research-related study or model.

Risk and impact may be expressed per exposure event (serving …), per year, for an individual or a (sub-)population!

CDC, 2007; Espié et al., 2007).

  Shiga toxin-producing Escherichia coli (STEC):

	A two-way street; 3. Comply with the standard A two-way street; 4. Comply with the standard A two-way street; 5. Assess baseline microbial risk E. coli O157:H7 epidemiological context
	Tolerable annual DALY Annual DALY • Outbreaks and sporadic cases of human infections reported in many countries; Irrigation water C(pathogen) Irrigation water C(pathogen) • E. coli O157:H7 responsible for roughly half of the reported cases;
	• Patients with O157:H7 infection are more likely to develop severe clinical
	Tolerable Annual Disease Risk manifestations such as hemolytic uremic syndrome (HUS) than patients with Possible removal In irrigation water, 5000 rotavirus per litter Annual Disease Risk Removal of non-O157:H7 infection (
			of pathogen pathogen
	Tolerable annual Infection Risk Annual Infection Risk	Several possible	during/after production during/after production
	Tolerable Infection Risk per exposure Beta-Poisson model: 𝑃 𝑖𝑛𝑓 𝐷 = 1 -1 + scenarios Infection with =0.253 and D 50 =6.17 Risk per exposure	𝐷 𝑁 50	× 2 Τ 1 𝛼 -1	-𝛼
	Tolerable Ingested D per exposure (D T ) n serving per years, with n=12, 52 or 182 𝑹𝒆𝒒𝒖𝒊𝒓𝒆𝒅 𝑳𝑹𝑽 = 𝒍𝒐𝒈 𝟏𝟎 𝑫 𝐏 𝑫 𝐓 100 g lettuce per serving, that retained viruses contained in 10 mL Potential Ingested D per exposure (D P ) Ingested D per exposure (D P )
	of irrigation water			

  At low dose value, their random distribution to take into account :Exposure assessment per age group; 2.

	The dose value averages:		
			A distribution of values
	 age = 𝐶 × 10 -𝑅 𝐶𝑃 age × 𝑆 age
	Average dose	Average C(E. coli)	Cooking removal for	Portion
	value (cfu)	(cfu.g -1 )	cooking preference	weight (g)
			of the age group
		Dose	Number of E. coli O157:H7	Average dose value
	Binomial distribution converges toward Poisson distribution:		- ×	 𝑘 𝑘!

D [0,5[ D [5,10[

5 NoV / fomite 10 6 NoV / fomite 10 7 NoV / fomite

An example of stochastic approach;

frozen ground beef patties contaminated with E. coli 0157:H7 An example of probabilistic risk model of norovirus transmission during handling and preparation of fresh produce

Dose-response relationships

Two new dose-response model specific

• for HUS; and

• for [0,5[ and [5,10[ age groups;

The single hit model: 𝑝(𝐻𝑈𝑆) = 1 -(1 -𝑟 age ) 𝐷 The probability to develop a HUS from an ingested dose of E. coli O157:H7 is expected to be 5 times greater for [0-5[ children than for [5-10[ ones.

Scenario analysis; 1.

C(E. coli) between 5 10 -5 and 6 cfu.g -1 ground beef; Norovirus foodborne outbreaks in the U.S.

Human norovirus: … but more general:

• Fresh produce: 11-20% of foodborne outbreaks (CDC, 2015, 2014);

• Partly caused by ready-to-eat prepared foods by food handlers;

The objective and work design of the study QMRA on norovirus transmission before their work: The objective of Pérez-Rodríguez et al. work: to develop a probability model describing cross-contamination through food handlers and lettuces during their preparation in school foodservices for NoV based on direct observation data in order to determine the safest produce handling practices;

A three stage approach:

1. A conceptual model of lettuce contamination from school kitchen to fork; 2. Characterizing functions, distributions and parameters from the literature; 3. Scenario analysis.

A simplified scheme describing norovirus fate Generic scenarios S1 to S6: 10 2 to 10 7 infective norovirus per produce, per hand or per fomite initially

Dose-response relationships

The 1F1 hypergeometric was simplified to the conditional doseresponse function, the beta-binomial, considering that the dose received was not the mean but a discrete dose Results: impact of inter surface contaminations Thank you for your attention! Questions?