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• comprises a wide range of fruit, vegetables, salads, seeds,

nuts, cereals, herbs, spices, fungi, and algae;

• are commonly consumed in a variety of forms including:

• as ready-to-eat foods in which the constituents are raw or
minimally processed (e.g. fresh-cut and prepacked), and

• those which are processed with a heat or other
inactivation treatments;

• are a major component of almost all meals.

Food of non-animal origin 

(FoNAO)



Background of the mandate

In the past few years produce-related food-borne outbreaks and, 
more recently, a major outbreak of Shiga toxin-producing Escherichia 

coli (STEC) O104:H4 in sprouted seeds have caused  great concern.

…. may indicate the need to consider more specific 
control measures for certain food of non-animal 

origin, supplementing the general hygiene rules …

• Regulation (EC) No 852/2004 on the hygiene of foodstuffs lays down
general hygiene requirements to be respected by food businesses at all stages of
the food chain.

• Establishments other than primary producers and associated activities must
implement procedures based on the Hazard Analysis and Critical Control Points
(HACCP) principles to monitor effectively the risks.

• In addition to the general hygiene rules, several microbiological criteria for
food of non-animal origin have been laid down in Regulation (EC) No
2073/2005.



Background of the mandate

Time Milestone

May/June 2011 STEC O104:H4 outbreak in Germany and France.

June 2011 EFSA issues an urgent advice on the public health risk of Shiga-
toxin producing Escherichia coli (STEC) in fresh vegetables.

July 2011 Commission asked EFSA for an urgent scientific opinion on seeds and 
sprouted seeds. 

October 2011 BIOHAZ Panel adopts a scientific opinion on the risk posed by STEC 
and other pathogenic bacteria in seeds and sprouted seeds.

January 2012 Commission asked EFSA for a scientific opinion on the risks posed by 
pathogens in FoNAO, excluding composite products.

December 2012 BIOHAZ Panel adopts a scientific opinion on the risk posed by 
pathogens in FoNAO (part 1) (outbreak data analysis and risk 
ranking of food/pathogen combinations).

January 2013 The outcome of ToRs 1 & 2 (scientific opinion on FoNAO, part 1) was 
discussed between Commission and EFSA to decide which 
food/pathogen combinations should be given priority for the other ToRs. 

February 2013 Commission provided EFSA with clarifications on the ToRs 3 to 5 of 
the request on the risk posed by pathogens in FoNAO, excluding 
composite products.



Terms of reference 1 and 2

EFSA is asked to issue scientific opinions on the public health

risk posed by pathogens that may contaminate food of

non-animal origin (FoNAO) and, in particular:

1. To compare the incidence of foodborne human

cases linked to food of non-animal origin (FoNAO) and

foodborne cases linked to food of animal origin (FoAO).

2. To identify and rank specific food/pathogen

combinations most often linked to foodborne

human cases originating from food of non-animal

origin (FoNAO) in the EU.



FoNAO classification

General commodities categories

1. Fruit (non 

specified)

11. Tomatoes 21. Other root and tuberous 

vegetables

31. Nuts and nuts products

2. Strawberries 12. Peppers and 

aubergines 

22. Bulb and stem 

vegetables

32. Spices and dry powdered herbs

3. Raspberries 13. Gourds and 

squashes

23. Flowers and flower buds 33. Beverages

4. Other berries 14. Fresh pods, 

legumes and grain

24. Cereals and dry 

legumes

34. Vegetable oils

5. Citrus fruit 15. Leafy greens 

eaten raw as salads

25. Rice 35. Fermented, salted, or acidified 

vegetables or fruit Fermented, salted, 

or acidified vegetables or fruit 

6. Apples and 

related fruit

16. Fresh herbs 26. Pasta 36. Cooked vegetable salads

7. Stone fruit 17. Leafy greens 

mixed with other 

fresh FoNAO 

27. Other dry legumes, 

cereals, edible seeds and 

grain, flours and products 

thereof

37. Other processed products, 

sauces and dressings, purées, soup, 

and pastes (including canned and 

bottled products) and syrups

8. Tropical fruit 18. Other leaves 28. Sprouted seeds 38. Dehydrated vegetables and fruit

9. Melons 19. Carrots 29. Fungi (mushrooms and 

yeasts)

39. Others

10. Fruit mixes 20. Potatoes 30. Sea vegetables



Approach for ToR1. Compare the incidence of 

foodborne human cases linked to FoNAO and to 

FoAO

• Extrapolating information 

is not appropriate to 

compare the human 

burden of foodborne 

cases linked to food of 

non-animal origin or food 

of animal origin.

Analysis of

EU Zoonoses Monitoring foodborne outbreak data 

from 2007 to 2011

• allows attribution of human 

cases to FoNAO or FoAO

• only option for obtaining an 

EU-wide comparative 

estimate of the proportion 

of human cases due to 

these two food groups



Comparison of reported foodborne outbreaks 

implicating FoNAO and FoAO, 2007-2011

Oubreaks

due to:

Total number of 

foodborne

outbreaks (%)

Human cases 

(%)

Hospitalisations 

(%)
Deaths (%)

FoNAO 219 (10) 10,543 (26) 2,798 (35) 57 (46)

FoAO 2,065 (90) 30,230 (74) 5,090 (65) 68 (54)

Total
2,284 40,773 7,888 125

• Excluding data from the large VTEC O104 outbreak in Germany, FoNAO

still caused 10% of the outbreaks, 18% of cases, but only 8% of the

hospitalisations and 5% of the deaths.

• General tendency for the outbreaks associated with FoNAO to involve

more cases and to be less severe than those associated with FoAO.



Analysis of EU Zoonoses Monitoring 

foodborne outbreak data

• Reporting may be greatly influenced by rare events or have bias due to

the preferential investigation of types of foods or hazards.

• Large outbreaks as well as outbreaks of longer duration or

associated with serious disease are more likely to be reported.

• Exclusion of data where the etiological agent and/or the food sources

have not been identified.

It has not been possible to quantify the uncertainty 

caused by these shortcomings.

• Reporting is incomplete and varies between reporting countries 

19 countries reported 
outbreaks implicating FoNAO

Nordic countries reported 
51% of the outbreaks

Zoonoses Monitoring data represents the only comprehensive data 

source at EU level for comparisons between FoNAO and FoAO



Approach for ToR 2. Identify and rank specific 

food/pathogen combinations

Multi criteria analysis model

risk ranking combinations of FoNAO commodities and specific pathogens

(adaptation of a Risk Ranking Tool developed by the US FDA)

Criteria 

1. Strength of associations between food and pathogen

2. Incidence of illness

3. Burden of disease

4. Dose-response relationship

5. Consumption

6. Prevalence of contamination

7. Pathogen growth potential during shelf life



Approach for ToR 2. Identify and rank specific 

food/pathogen combinations

Per food/pathogen combination

score Crit1 + score Crit2 + … + score Crit7 = total risk score

• Approach does not provide any uncertainty estimates
(e.g. confidence intervals)

• Use of rather broad categories for the semi-quantitative 
scoring indirectly takes into account data uncertainty. 

Rank all combinations



Criterion 1. Strength of associations between 

food and pathogen

Score Category Number of outbreaks Total cases

1 Weak 

(i)     Has been reported in the EU as part of outbreaks, 

sporadic cases or analytical epidemiological studies 

but not in 2007-2011 Zoonoses monitoring data set; or

(ii)   Considered by expert review as relevant to the EU 

from information in the worldwide literature and not 

included in (i) above; or

(iii) Have been associated with a FBO RASFF notification 

(subset of 19 notifications) and not included in (i) or (ii) 

above.

NA

2 Moderate
Have been associated with a single outbreak reported in 

the EU (2007-2011 data Zoonoses monitoring )
Any cases

3 Strong

(i) Have been associated with 2-4 outbreaks reported in 

the EU (2007-2011 Zoonoses monitoring data) or

(ii) Have been associated with ≥ 5 FBOs reported in the 

EU (2007-2011 Zoonoses monitoring data)

Any cases

<100

4 Very strong
Have been associated with ≥ 5 FBOs reported in the EU 

(2007-2011 Zoonoses monitoring data)

≥100



Exclusion from the ranking 

of outbreaks 

associated with food products

Criterion 1. Strength of associations between 

food and pathogen

normally subjected to 

a processing step 

which should 

inactivate 

vegetative cells 

(e.g. rice, pasta)

including 

one or more 

cooked 

ingredients 

(e.g. cooked 

vegetable 

salads)

Focus on ready-to-eat unprocessed products

very broad and 

heterogeneous 

(other 

processed 

products)

unspecified 

(e.g. fruit 

unspecified)



Criterion 2. Incidence of illness

Salmonella spp. 

disease-multiplier 

at the EU level 

Estimation of hazard-specific 

true number of illnesses 

in the EU

Notified 

number 

of cases

Disease 

multiplier

hazard-specific value expressing 

degree of under-reporting 

without consideration of 

attribution to source

=X

disease multipliers for other hazards 

taken from US study, 

but anchored to the Salmonella spp. 

EU estimate 

assumption that the relative 

degree of under-reporting between hazards 

is the same in the US and EU



Criterion 3. Considerations on human 

adverse effects – burden of disease

Disability adjusted life years (DALYs) per thousand cases:

• number of years lost due to ill-health, disability or early death

• considers both the acute illness and more long-term effects

such as sequelae as well as mortality.

No evidence that severity of  a 

foodborne infection as measured 

by DALY per thousand cases varies 

across countries in the EU

Pathogen-specific

DALY estimates 

at the EU level 

are not available

used pathogen-specific DALY estimates 

published for the Netherlands 



Criterion 4. Dose-response relationship

Score Dose-response relationship

1
Pathogen growth to high numbers (>105 CFU/g) is needed for toxin 

production and induction of disease.

2
Pathogen growth is needed to induce disease in human (e.g. Clostridium 

botulinum, Listeria monocytogenes).

3
Low numbers can cause disease (e.g. Salmonella spp., Shigella spp., virus, 

protozoa).



Criterion 5. Prevalence of contamination

Score Prevalence Explanation

1 Zero prevalence Available prevalence studies indicate 0 prevalence.

2 Unknown

prevalence

Not possible to draw any conclusions on the prevalence

based on the available data.

3 Low prevalence

(<1%)

Pathogens occur in FoNAO and cause outbreaks, and are

likely to have an origin from human or animal

contamination.

4 ≥1% Would also include e.g. Bacillus spp. and Listeria

monocytogenes, which originate from the environment

and may in some instances be underestimated.



Criterion 6. Consumption

Score Percentage of consumers (infants excluded)

1 Low (< 1%)

2 Moderate (1-2%)

3 High (>2-20%)

4 Very high (> 20%)



Scores Pathogen growth potential Scores Shelf life

1 No growth possible (e.g. too low pH, too low 

water activity, too low temperature (e.g. 

frozen), competing microflora)

1 Very short (0-7 

days)

2 Poorly documented 2 Short (8-14 days)

3 Growth possible but not in all circumstances 

(e.g. only if temperature abused)

3 (15-28 days)

4 Growth possible and very likely 4 (> 28 days)

Criterion 7. Combined pathogen growth 

potential and shelf life



Model output (reference scenario)

Top 5 food/pathogen combinations



Relative ranking positions for the top five 

food/pathogen combinations



Assumptions - limitations - uncertainties

Model outputs interpretation

May overestimate
importance of some 

food/pathogen combinations

Likely to underestimate
importance of diseases

Model outputs based on reported outbreaks 
associated with consumption of FoNAO 
within the EU between 2007 and 2011

appear to be of a more sporadic nature 
(e.g. due to Listeria monocytogenes, 
Campylobacter spp. and parasites)

Additional food/pathogen combinations not identified or prioritised in this 

risk ranking risk ranking model may be important if data from future EU 

monitoring or data from other sources are considered.

Only combinations reported in 
outbreaks in the EU as part of the 
Zoonoses monitoringare included



• It is recommended that harmonised terminology is
applied to the categorisation of foods collected for
different reasons, e.g. monitoring, surveillance, outbreak
investigation and consumption.

• In addition, to assist future microbiological risk
assessments, consideration should be given to the collection
of additional information on how food has been
prepared, processed and stored as part of the above data
collections.

Recommendations



3. To identify the main risk factors for the specific
food/pathogen combinations identified under ToR 2, including
agricultural production systems, origin and further processing.

4. To recommend possible specific mitigating options and to
assess their effectiveness and efficiency to reduce the risk
for humans posed by food/pathogen combinations identified
under ToR 2.

5. To recommend, if considered relevant, microbiological
criteria for the identified specific food/pathogen combinations
throughout the production chain.

Follow-up of FoNAO mandate 

(ToRs 3 to 5)



Follow-up of FoNAO mandate 

(ToRs 3 to 5)

Deadlines:

31 Dec. 2013

31 Mar. 2014

30 Sep. 2014

30 Sep. 2014

31 Dec. 2014



Thank you for your attention!
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