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To ensure foods are safe, food companies, food safety authorities, and governmental agencies work together to
improve the control and prevent unwanted food contamination by either biological, chemical or physical agents,
namely the hazards. Foodborne illnesses leading to diseases in humans are still frequently reported. To better
protect infants and children from foodborne diseases, the SAFFI (Safe Food for Infant) project promoted by the
European Union in collaboration with China, will develop an integrative approach to identify, assess, detect and
mitigate risks associated with microbial hazards (MHs) and chemical hazards (CHs) in infant foods.
The first stage to tackle this issue was to identify relevant hazards in infant foods. By collecting data from the
literature, scientific reports, existing databases, and clinical studies and using these data to compile a list of
relevant foodborne hazards. These hazards caused major foodborne outbreaks, frequently contaminated foods,
have large public health impacts, and/or are dangerous to young children.
After the initial identification of MHs and CHs in infant foods, we will prioritize the most relevant MHs or CHs
present in specific food products and rank the risks associated with these hazards based on the probability of
occurrence and severity of each hazard. Standardized and systematic hazard identification (HI) and risk ranking
(RR) procedures will be developed and incorporated into HI and RR computational decision support tools that
will serve to help food safety agencies, food companies, and risk assessors to identify and rank MHs and CHs in
the entire infant food chain in Europe and China.

1. Introduction

chemicals, or biological agents),5 food safety from farm to fork is of
crucial importance. Stimulated by the implementation of food law
regulation (Regulation (EC) No 178/2002), there has been a continuing
concerted effort from food companies and governmental agencies to
monitor the quality and safety of foodstuffs.

Food is the basic nutrient source of life. Globally, a billion tonnes of
primary crops are being produced,1 and in the last two decades, the
production of different food commodities has increased about 40–100%
(primary crops: 53%, meat: 44%, fruits: 43%, and vegetables: 56%)2 and
may continue to increase in the years coming.3 This is attributed to the
sharp increase in food demand due to the growing population worldwide
and the increment in per capita income also facilitates a higher spending
power in developed countries. Taking the Netherlands as an example, on
average, one kilogram of food is consumed per person per day,4 and
depending on the countries and personal habits, this number may even
be higher.
As large amounts of foods are being produced and consumed daily
worldwide,2 and consumer’s increasing awareness of the health aspects
and product qualities of foods (i.e. nutritional values, presence of

1.1. Food contamination and foodborne illnesses
Despite the joined effort, cases of food contamination leading to
human illnesses are still being reported frequently.6,7 These contami
nants can either be biological agents like bacteria, viruses, or parasites,
or be chemicals like environmental contaminants, processing-induced
compounds, agricultural products, veterinary drug residues, or phys
ical objects like hairs, metals, plastics, glass, insects, or allergens that
can trigger abnormal immune responses for a sensitive population.8
Foods contaminated with biological or chemical agents can lead to more
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than 200 human diseases, either mild diseases like diarrhea or
life-threatening diseases like cancer.9,10
Foodborne outbreaks caused by biological or chemical contaminants
lead to foodborne illnesses and result in a significant disease burden.11
Examples of large foodborne outbreaks include: (1) fenugreek sprouts
contaminated with Enterohemorrhagic Escherichia coli which killed 55
people and made more than 3000 people fell ill in 201112; (2) polony
processed meat contaminated with Listeria monocytogenes caused 216
deaths and more than 1000 illness cases in 2018 and many other
L. monocytogenes outbreaks13; and (3) a fraud of adulteration of infant
milk powder with melamine resulting in at least 294,000 children fell ill,
6 deaths and the hospitalization of 52,000 infants in 2008. After many
years, these infants and children still suffer from renal damage (caused
by urinary stone formation) and other long-term chronic effects.14,15

1 Hazard identification; In this step, hazards that may be present in a
specific food commodity in given situations, have the potential to
survive food processing techniques, and may cause disease in
humans are identified.19,21 This information is either collected based
on scientific literature, surveillance/epidemiological data, existing
expert knowledge, food analysis databases, or predefined knowledge
of known pathogen/food associations,22 for example, Salmonella in
eggs.
2 Hazard characterization; In this step, the effects caused by hazards
present in foods are evaluated, either based on qualitative data or
quantitative data.19,21 The relationship between hazard exposure
(route, level, prevalence) and consequences of exposures are derived
from foodborne outbreak data associated with illness, physico
chemical properties of hazards, hazard infectivity/virulence/ capa
bility to produce toxins, toxicological studies, or human exposure
studies22. Additionally, the immunological and physical statuses in
humans of different age groups are considered, as the same hazard
may
have
different
effects
for
the
young/
old/pregnant/immunocompromised populations.
3 Exposure assessment; is the stage in which the probability and
quantity of hazard intake via foods are evaluated qualitatively or
quantitatively, or exposures from other sources if relevant.19,21 The
number of microorganisms or the amount of chemicals/toxins
consumed by a population in selected foods is quantified and the
exposure to humans is assessed.
4 Lastly in risk characterization, based on the outcome of hazard
characterization and exposure assessment, the probability of hazard
occurrence and the severity of associated/potential adverse health
effects caused by the hazard in a given population, including atten
dant uncertainties are estimated.19 The risk of a specific hazard in
foods is either expressed quantitatively with numerical outputs (e.g.,
annual illness incidence/100,000 population) or qualitatively with
provided evidence and statements to show e.g. presence or absence
of hazards.22

1.2. Foodborne diseases and estimated burden in children
In 2015, the World Health Organization (WHO) estimated that
yearly, every 1 in 10 people fall ill due to consuming contaminated
foods, and 420,000 lose their life due to foodborne illnesses.11 Children
under the age of five have relatively a larger burden. Young children
have a high risk of foodborne illness and also of more severe effects and
account for 1 out of 3 deaths from foodborne diseases.11 This ratio is
high when taking into consideration that children only make up about
10% of the total world population.16 Therefore, it is important to
strengthen food safety and ensure that foods that are fed to people
particular infants or children are safe. This can be done by implementing
systematic food safety management systems, like good hygiene practice
(GHP) and good manufacturing practice (GMP), which are built further
to the well-known Hazard Analysis Critical Control Point (HACCP)
system.17,18
1.3. Food safety management system to ensure safe food

Notably, steps 2 and 3 can be done in the reverse order or parallel in
risk assessment. When biological agents are examined, it is referred to as
microbial risk assessment, and when chemicals are evaluated, it is
referred to as chemical risk assessment.

HACCP is a seven-principle science-based safety plan outlined to
ensure the control of significant hazards in food businesses.19 In the
context of food safety, a hazard is defined as a biological, chemical, or
physical agent in food that has the potential to cause adverse health
effects in humans. Risk is the probability and severity of the health ef
fects that consumers face after being exposed to a hazard.20
The first principle in HACCP is (1) hazard analysis, which is to collect
and evaluate hazards identified in either raw materials, ingredients,
environment, process, or foods to decide whether the identified hazards
are significant. This is followed by (2) determining the critical control
points (CCPs) to have essential measures to control significant hazards.
The next step is (3) to establish validated critical limits for control
measures set at CCPs and (4) to establish a system to monitor the control
of CCPs. Following, when a deviation from the critical limit is observed
at a CCP, (5) corrective actions are implemented, and (6) the HACCP
plan is validated to confirm a working HACCP system. Lastly, (7) all
procedures and records to the HACCP principles and their application
are documented.19
The HACCP system is widely accepted by governmental agencies,
trade organizations, and food companies.19 It is implemented by food
companies to establish the food safety goal, but there are also other
systems to monitor food safety from farm to fork, starting from raw
material production, procurement and handling, manufacturing, distri
bution, to consumption at the end. For example at the farm level, good
agricultural practices (GAP) are implemented.
In addition, scientific evaluations of adverse effects caused by known
biological or chemical hazards in various food commodities are also
done to characterize the risk associated with the hazards and to give
recommendations to control food safety. This process is called risk
assessment and consists of 4 steps;

2. Monitoring microbial and chemical hazards in foods
In Europe, different parties and local food safety authorities of each
member state govern food safety. The European Food Safety Authority
(EFSA) conducts scientific evaluations and risk assessments, the Euro
pean Commission (EC) acts as the risk manager, and the Rapid Alert
System for Food and Feed (RASFF) allows rapid sharing of information
related to food safety between all member states whenever necessary.23
RASFF provides notification concerning human health deriving from
foods between the member states, EFSA, and the EC. EFSA analyzes the
notification contents, conducts risk analysis and assessment, and com
municates the scientific evaluation and technical information to the EC
and other member states.23 Each member state takes appropriate man
agement control, reports food safety issues directly to EC, notifies RASFF
when a foodborne hazard is encountered and is of international rele
vance, and provides foodborne outbreak data to the European Centre for
Disease Prevention and Control (ECDC).
Annually, these authorities publish monitoring reports on detected
foodborne hazards in different food categories, the total number of
foodborne outbreaks caused by these hazards, their association with
reported human diseases, and public health impacts (e.g. illness, hos
pitalization, and deaths).6,24,25 These data are passed on to the Inter
national Food Safety Authorities Network (INFOSAN), managed jointly
by WHO and the Food and Agriculture Organization (FAO). INFOSAN
integrates the collected information gathered worldwide, conducts their
evaluations, and also publishes estimations on the global burden of
2

K.C. Yeak et al.

Global Pediatrics 2 (2022) 100010

foodborne diseases and reports on corresponding foodborne hazards.
Among all foodborne hazards, microbial hazards (MHs) and chemical
hazards (CHs) are the main focuses in food safety.11,26

Firstly, data concerning MHs and CHs are collected based on litera
ture, official reports published by governmental agencies, existing da
tabases, clinical studies, and expert knowledge. These data are used to
compile a list of relevant MHs and CHs that have the potential to be
present in the food chain and cause adverse health effects to young
children.
Secondly, the collected data are assembled and stored in structural
databases that contain information like survival of MHs at different pH,
temperatures, production of harmful toxins, or types of CHs generated
during food processing procedures, etc. These specific pieces of infor
mation, namely the knowledge rules of the hazards, are prerequisites to
understanding their relevant threat in a food product. Concomitantly,
procedures for hazard identification are devised, which includes a sec
ond step to prioritize the hazards that are relevant for a specific food
commodity. For MHs, this HI is based on the knowledge rules of selected
organisms, i.e. the prevalence of an organism in a food commodity,
survival during/after processing, and its growth opportunity in the
specific food product. For CHs, HI is based on the knowledge rules of the
hazards, i.e. the relevance in relation to the ingredients, processing
conditions, and packaging materials. These devised generic procedures
will serve to create a computational hazard identification decision
support system (HI-DSS) (Fig. 1).
Lastly, the risk of the prioritized hazards associated with a food
commodity will be evaluated, and similarly, procedures for risk ranking
will be devised and a computational Risk Ranking Decision Support
System (RR-DSS) will be constructed (Fig. 1). The HI-DSS and RR-DSS
will be made flexible to easily incorporate newly acquired data in the
future. The two DSS systems will be tested and validated with four case
studies that represent four types of infant food products (powder infant
formula, vegetable puree, infant cereals, and fresh fruit puree). These
validated tools with integrated databases, procedures, and methods can
be used by food safety agencies, food companies, and risk assessors to
facilitate the assessment of either microbial or chemical risks in the in
fant food chain (see Fig. 1). Moreover, the data-driven approaches
developed for infant food chains are also a conceptual, generic frame
work that can be modified and extrapolated for HI and RR in other food
products in the future.

2.1. Microbial hazards
MHs can easily contaminate raw material, food products during
processing (via contact surfaces or food handlers), or the end products
because they are ubiquitous in the air, water, soil, animal, and
humans.8,27 Pathogenic MHs include bacteria, viruses, toxin-producing
molds, and parasites. The difference in their physiologies accounts for
aberrations in terms of epidemiology, virulence, and host associa
tion.28,29 Therefore, surveillance and control of these MHs are chal
lenging. While viruses and parasites cannot increase in foods, they are
infectious. For some viruses (e.g., norovirus), ingesting just 1–10 virus
particles is enough to cause illness in humans,30,31 especially for young
children as their immune systems are not fully developed.32 For certain
pathogenic organisms, a high number of cells need to be ingested to have
a relevant probability of disease. However, given the right conditions,
the outgrowth of pathogenic bacteria in foods is feasible and certain
species can then also produce harmful toxins in the food or upon
ingestion that hamper human health.9 In the current legislation, pre
sence/absence testing is laid down for some MHs, while other MHs are
accepted to a certain level.
2.2. Chemical hazards
CHs are small or high molecular weight compounds that can be
naturally present in the environment or manmade for specific pur
poses.33,34 Their possible impact on human health is based on their
physicochemical characteristics, exposure pathways (dermal, oral, or
inhalation), and toxicological properties. Depending on their properties,
they can contaminate food products at different levels. There are
different families of CHs such as substances migrating from food contact
materials, persistent organic pollutants (POPs), and naturally occurring
substances such as marine biotoxins, mycotoxins, or trace elements and
metals. Some chemical hazards (e.g., perfluoroalkyl substances or pol
ychlorinated dibenzodioxins and dibenzofurans (PCDD/F)) can
contaminate the soil, biomagnify in the trophic chain and bioaccumulate
in the organism after consumption of food.35,36 In 2001, The Stockholm
convention determined some persistent organic pollutants that are
closely monitored in Europe.37 Another category of CHs, heat-induced
contaminants such as furan, is produced at significant concentrations
during thermal food processing and is associated with DNA damage and
cancer.38

4. Hazard identification for microbial and chemical risks within
infant food chains
4.1. Four important sources used for microbial hazards (MHs)
identification
MHs in food products, with a special focus on infants and toddlers up
to the age of 3 can be derived from public health databases, outbreak
data, scientific literature, and expert knowledge. To obtain a list of
relevant foodborne MHs in SAFFI, four different sources: (1) Outbreak
data; (2) Recalled Foods; (3) public health impact; and (4) Expert
knowledge of each MH were considered (see Fig. 2).

3. Safe food for infants (SAFFI) in the EU and China
To achieve the goal of reducing foodborne incidents in infants and
children in the EU and China, an EU research project funded by Horizon
Europe 2020, SAFFI (Safe Food or Infants in the EU and China) has been
initiated, and the project group consists of 20 partners from different
sectors i.e. academia, food safety authorities, infant food companies,
paediatrics, technological and data-science companies.

4.1.1. Foodborne outbreaks
Firstly, the occurrence and prevalence of MHs causing foodborne
outbreaks in Europe were examined based on the data published in the
most recent EFSA Zoonoses reports.6 A total of 24 MHs associated with
major foodborne outbreaks in Europe was found.

3.1. SAFFI objective and approaches

4.1.2. Recalled foods due to pathogen contamination
Secondly, ~3500 serious alerts on foodborne pathogens, microor
ganisms, and parasites reported in the period from 1998-2021 in foods
were analyzed and causative agents for each alert were manually
defined.25,39 Non-pathogenic organisms were excluded, giving rise to 35
MHs that caused either destruction, retraction, or withdrawal of foods
from the market.

The main objective of SAFFI is to develop an integrative approach to
identify, assess, detect and mitigate risks associated with MHs and CHs
for infants and children (< age of 3) in the EU and China. The first subobjective is the identification of hazards (similar to the first stage
“hazard analysis” of HACCP and the first stage “hazard identification” of
risk assessment). The specific ambition behind this project is to establish
generic and standard procedures for hazard identification (HI) and risk
ranking (RR) within the infant food chain, which will be achieved by the
three-steps data-driven approach.
3
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Fig. 1. General approaches of SAFFI and conceptual framework for hazard identification and risk ranking in the entire infant food chain.

Fig. 2. Four important sources used for microbial and chemical hazards identification.

years.32

4.1.3. Public health impact in EU and globally
Thirdly, foodborne MHs that possessed large health impacts for
humans in Europe were listed based on epidemiological reports. ECDC
reported 22 foodborne MHs associated with human diseases,24 the
Dutch Institute for Public Health and the Environment (RIVM) showed
14 major MHs with large disease burden,40 and WHO reported 15 MHs
leading to major foodborne illnesses in Europe.41 Moreover, the global
public health impacts of MHs were also determined based on the MH
health impact reports in the United States and worldwide. 31 pathogens
were causing major foodborne diseases in the United States,29 among
these, 14 were estimated to have the largest overall disease burden.42
Globally, 28 MHs are the main culprits of foodborne illnesses/death, and
WHO also published 20 MHs that caused illnesses in children < 5

4.1.4. Expert knowledge
Other than that, some MHs usually do not cause major foodborne
outbreaks, and neither are detected frequently in foods and do not have
a large public health impact, but can still be a serious threat for infants
and children. One such example would be the Cronobacter species.
Therefore, expert knowledge was also taken as one of the important
sources to identify relevant MHs for the young susceptible group.
All MHs identified in the above-mentioned reports were combined,
and duplicates were removed. The occurrence of each MH in the reports
was counted. Based on this, a list of 64 MHs that either cause major
foodborne outbreaks, have relevant public health impacts, are
4
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frequently detected in foodstuffs, and are threatening to infants/chil
dren are identified. MHs that were reported in > 1 report were short
listed, resulting in a total of 32 prioritized MHs, which include 18
bacteria, 6 parasites, 6 viruses, and 2 protozoa (Fig. 3). The identified 32
MHs are the most relevant hazards, after which a further prioritization
has to be made by evaluating the food/process association for each of
these MHs.

4.2.2. Exposure to chemicals in infant foods
In the iTDS, dietary exposure was assessed for 500 out of the 700
chemicals or groups of chemical hazards. Dietary exposure values for
each age class from 1–4 to 13–36 months are obtained by combining
food contamination data, food consumption data, and body weight.
Based on these parameters, foods that contributed the most to the
exposure were identified for each selected hazard when available. For
most of the substances, the risk for infants and toddlers was negligible
however for some chemicals such as acrylamide, furan, inorganic
arsenic, and lead, the risk could not be excluded.45,46

4.2. Four important aspects for chemical hazards (CHs) identification
Dietary exposure assessment reports are a major source for chemical
hazard identification. When assessments of a risk associated with
chemical hazards in food for a population are required, it is important to
have representative contamination data. One of the most efficient
methods to obtain this data is conducting a Total Diet Study (TDS).
Indeed, contamination data and exposure calculations present in TDS
reports give insight into the occurrence and contamination level of CHs
in food products as consumed and representative of the whole diet.
These reports can be found on food safety agencies’ websites or scientific
databases such as PubMed or Scopus.
Occurrence, exposure, adverse effects, and expert knowledge were
the four important aspects considered to identify chemical hazards
(Fig. 2).

4.2.3. Adverse health effects in the EU and globally
CHs in food can be associated with several adverse health effects.
Knowledge of these effects is available from long-term toxicity studies
conducted in animals or from epidemiological data. For this project,
health-based guidance values (Tolerable Daily or Weekly intake) and
toxicological references points (No Observed Adverse Effect Level or
Benchmark dose limit) were identified in reports from different safety
agencies or expert committees such as EFSA, Joint FAO/WHO Expert
Committee on Food Additives (JECFA), Joint FAO/WHO Meeting on
Pesticide Residues (JMPR), or WHO.
4.2.4. Expert knowledge
Some CHs were selected for the project even when they were not
detected in infant food products in the iTDS, because of the severity of
their adverse effects on humans, or when there were concerns in the
available literature about the safety of their use. Some chemical hazards
for which no health-based guidance value nor toxicological reference
point have been established were also included. For example, emerging
mycotoxins can be relevant because of the growing impact on climate
change and identified effects in vitro.47,48
Based on the iTDS results and available literature, a list of 101
chemical hazards or groups of chemical hazards from 9 families has been
established. One phytoestrogen, 11 substances migrating from food
contact materials, 18 trace elements and metals, 28 persistent organic
pollutants, 17 pesticide residues, 15 mycotoxins, 6 heat-induced com
pounds, 2 ionic compounds, and 3 food additives have been selected
(Fig. 3).
The 32 MHs and 9 families of CHs were identified to be the most
relevant hazards in infant food products, and in the following step,
hazards will be prioritized for a specific food commodity as described in
Section 3.1.

4.2.1. Occurrence of chemicals in infant foods
When considering CHs, different types of data are needed. First,
occurrence data provide information about the presence and the con
centration of CHs in specific food matrices. From birth to the age of
three, the diets of infants and toddlers become more and more diverse,
going from a milk-based diet to a broader diet by introducing common
foods. Infant food can be contaminated at every stage of food production
from the raw materials to the consumed products. TDS are interna
tionally recognized as efficient tools to have an overview of the
contamination of food prepared as consumed and on which analyses are
conducted to measure concentrations of CHs.43 In 2011, the French
Agency for Food, Environmental, and Occupational Health & Safety
conducted an infant Total Diet Study (iTDS) with a list of 700 substances
or groups of substances.44 The global detection rate for each hazard
listed in the iTDS was used to select the most relevant hazards present in
infant foods. To complete the list of chemical hazards, searches in da
tabases such as PubMed and Scopus were conducted to find occurrence
data about the presence of some contaminants in infant food. Data from
previous or recent assessments from EFSA were retrieved as well.

Fig. 3. Relevant microbial and chemical hazards identified in the infant food chain.
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5. Criteria used in risk ranking

Massimo Pettoello Mantovani for arranging the Pediatric conference in
Zagreb, 2021, and providing chances to disseminate part of the work
described in this paper.

Following the initial identification of the most relevant MHs and CHs
in infant food products, and subsequently, in specific food commodities,
the risk of these hazards will be ranked systematically. For that, the
probability of hazard occurrence/exposure and the severity of hazards
associated with potential adverse health effects in infants and children
will be estimated using selected criteria.
For the risk ranking of MHs, the severity of each MH will be esti
mated based on the disability adjusted life years (DALY) per case, and
the probability of occurrence of each MH will be estimated based on
hazard-food characteristics and hazard-food association strength.
Hazard-food characteristics are determined using different elements,
namely, growth opportunity of a hazard in a given food, processing ef
fect on hazards, recontamination possibility of hazards, post-processing
control of hazards, and the effect of meal preparation. Hazard-food as
sociation strengths are determined using the evidence of hazard-food
alerts, hazard-food outbreaks, hazard-food prevalence, and food con
sumption data. For the risk ranking of CHs, the severity of each CH will
be estimated based on the different toxic effects that a CH possesses, as
described in ANSES.49 The probability/likelihood of occurrence of each
CH will be estimated based on the percentage of contribution to the total
exposure as well as the corresponding percentage of the health-based
guidance value.
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