
Via Carlo Magno 1A
43126 Parma
ITALY

Tel. +39 0521 036 111
Fax +39 0521 036 110
www.efsa.europa.eu

TM
-BC-20-001-EN

-C

The European Food Risk A
ssessm

ent Fellow
ship Program

m
e

- Series 3 - 2020-2021

The European Food Risk 
Assessment Fellowship 

Programme
Series 4  

2020-2021

Trusted science for safe food



Manuscript completed in June 2022

Neither the European Food Safety Authority nor any person acting on behalf of the European 
Food Safety Authority is responsible for the use that might be made of the following information.

Luxembourg: Publications Office of the European Union, 2022

Print ISBN 978-92-9499-418-9 ISSN 2599-7335 doi:10.2805/311480 TM-BC-22-001-EN-C
PDF ISBN 978-92-9499-419-6 ISSN 2599-7343 doi:10.2805/20496 TM-BC-22-001-EN-N

© European Food Safety Authority, 2022
Reproduction is authorised provided the source is acknowledged.

For any use or reproduction of photos or other material that is not under the copyright of the 
European Food Safety Authority, permission must be sought directly from the copyright holders.



EU-FORA SERIES 4

EFSA Journal 2022;20(S1):e200401www.efsa.europa.eu/efsajournal

Table of contents 

Please note that each report has a separate numbering system beginning on p.1 in line with 
the policy of the EFSA Journal

Foreword

Introduction 

Monitoring of pesticide amount in water and drinkable food by a fluorescence-based biosensor

Microbiota analysis for risk assessment: evaluation of hazardous dietary substances and its 
potential role on the gut microbiome variability and dysbiosis

A risk assessment model for Salmonella spp. in swine carcasses

Monitoring AMR in Campylobacter jejuni from Italy in the last 10 years (2011–2021): 
Microbiological and WGS data risk assessment

Risk Assessment of Food Contact Materials II

Emergent marine toxins risk assessment using molecular and chemical approaches

Risk–benefit assessment of seaweed Allergenicity risk assessment of novel protein

Seafood Safety and Food-borne Zoonoses from Fish: Examining the risk of Anisakis in the 
Portuguese Population and Consumer Risk Perceptions of Fish Consumption

Risk assessment of rare earth elements, antimony, barium, boron, lithium, tellurium, thallium 
and vanadium in teas

Appraising diet–disease associations to be used in risk assessment, including an insight in 
nutritional epidemiology

Study of the different evaluation areas in the pesticide risk assessment process: Focus on 
pesticides based on microorganisms

Meta-analysis and systematic literature review of climate change effects on livestock welfare

Improving the risk assessment of antimicrobial resistance (AMR) along the food/feed chain and 
from environmental reservoirs using qMRA and probabilistic modelling 

Assessment of endocrine disruptive properties of PFOS: EFSA/ECHA guidance case study 
utilising AOP networks and alternative methods

Assessment of the possible health risks associated with the consumption of botanical 
preparations of Mitragyna speciosa (kratom)

Training in tools to develop quantitative risk assessment of fresh produce using water reuse 
systems in Mediterranean production

Integration of genomics in surveillance and risk assessment for outbreak investigation

Monitoring of pesticide amount in fruit and vegetables by a fluorescence-based sensor

Benefit and risk assessment of replacing of sodium chloride by other salt/substances in 
industrial seafood products

Association between dietary exposure to bisphenols and body mass index in Spanish 
schoolchildren

http://crossmark.crossref.org/dialog/?doi=10.2903%2Fj.efsa.2022.e200401&domain=pdf&date_stamp=2022-05-25


EU-FORA SERIES 4

APPROVED: 31 January 2022

doi: 10.2903/j.efsa.2022.e200401

Foreword

I am very pleased to introduce the fourth collection of reports of EFSA’s EU-FORA Fellowship
Programme. EU-FORA started in 2016 as part of EFSA’s efforts to support the development of next
generations of Europe’s food risk assessors. Five years later, it continues to empower food safety
professionals, ensuring an interconnected community of experts, while stimulating the involvement of
Member States in risk assessment work and building a common EU risk assessment culture.

The wide array of scientific work and experiences described in this document portrays the wide
scope of the EU-FORA and the rich diversity of scientists and hosting sites that comprise the
Programme.

The fruitful and timely execution of the programme would not have been possible without the
support of EFSA colleagues across different departments, the resilience of the fellows and hosting
sites, and the demonstrated excellence in the provision of virtual trainings by the training consortium,
in the continuously uncertain epidemiological situation.

As EFSA, we put a great emphasis on Partnership and Cooperation, and we are both humbled and
proud by the advancements made by EU-FORA towards the establishment of the European risk
assessment community through the capacity building efforts of EFSA’s and its partners’.

A big thank you to the participating organisations for the fruitful cycle and congratulations to our
newly graduated fellows. We wish them success in all their future endeavours, and we hope to meet
them again in a prominent role in the risk-assessment ecosystem.

Barbara Gallani

Declarations of interest: The declarations of interest of all scientific experts active in EFSA’s work
are available at https://ess.efsa.europa.eu/doi/doiweb/doisearch.
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Introduction

We are very happy to present this special issue of the EFSA journal dedicated to EFSA’s Fellowship
Programme (EU-FORA). It brings together the risk assessment pursuits of the fellows and the work
programmes they were engaged in during the 4th cycle of the Programme. The realisation of these
programmes is a result of the efforts invested by those institutions and organisations of the EU-FORA
network tasked with the hosting and training of the fellows.

We congratulate the fellowship graduates and would like to acknowledge their professionalism,
engagement and dedication, demonstrated during the duration of the fellowship. In the past 12
months, they have managed to significantly increase their knowledge of food risk assessment and
have contributed towards the creation of a risk-assessment community and knowledge development in
their respective areas, despite the uncertainties arising from the COVID-19 pandemic.

This year, we also have the pleasure to announce our improved Programme – EU-FORA 2.0
Programme – which we hope will help broaden the scope and welcome new organisations, thus setting
EU-FORA on a new trajectory towards reinforcing its nature as a successful cooperation tool,
cultivating a strong risk-assessment expertise and knowledge exchange.

We would like to acknowledge the prowess demonstrated by everyone involved, including the
support of EFSA’s Management, and the flexibility and excellence of fellows, hosting sites and our
training consortium, who ensured the continuity of the EU-FORA programme in a state of a pandemic,
thus, empowering our fellows to become the pioneers in the first cycle entirely executed remotely.

On behalf of the EU-FORA Programme,

Victoria Villamar

Declarations of interest: The declarations of interest of all scientific experts active in EFSA’s work
are available at https://ess.efsa.europa.eu/doi/doiweb/doisearch.
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Monitoring of pesticide amount in water and drinkable food
by a fluorescence-based biosensor

Maria Vittoria Barbieri, Andreia CM Rodrigues and Ferdinando Febbraio

Institute of Biochemistry and Cell Biology, National Research Council, Naples, Italy

Abstract

The identification of pollutants is crucial to protect water resources and ensure food safety. The
available analytical methodologies allow reliable detection of organic pollutants such as pesticides;
however, there is the need for faster, direct and continuous methodologies for real-time monitoring of
pesticides. Fluorescent-based biosensors have been recently proposed as a valid alternative due to
their advantage of being easy, cheap and specific. In this context, the aim of the present EU-FORA
fellowship programme was to develop and apply a fluorescence-based biosensing device for the
detection of organophosphate (OP) pesticides in water samples and drinkable food. The study was
addressed using a mutant of the thermostable esterase-2 from Alicyclobacillus acidocaldarius (EST2-
S35C) as a bioreceptor for OP pesticides. The use of EST2 involves some significant advantages
including specificity and affinity towards OPs, and high stability over time in a different range of
temperatures and pH. The protein was labelled to the fluorescent probe IAEDANS and fluorescence
measurements of quenching in solution and in immobilised form were performed. The results showed
good stability and sensitivity, reaching low limits of detection and quantification and a constant signal
intensity over time. The addition of paraoxon quenched the fluorescence of the complex, reaching a
plateau at 100 pmol paraoxon. The decrease of enzymatic activity of EST2-S35C-IAEDANS in the
presence of paraoxon correlated the inhibition of the labelled enzyme with the decrease in
fluorescence. The results from the application of the biosensor with real samples showed a decrease in
fluorescence in surface water samples, contaminated by OPs. The use of the developed fluorescence-
based biosensor demonstrated its applicability for real samples monitoring and could ensure the
production of large amounts of data in a short period of time which can be used to address
environmental and food safety risk assessment.

© 2022 Wiley-VCH Verlag GmbH & Co. KgaA on behalf of the European Food Safety Authority.

Keywords: organophosphate pesticides, biosensor, fluorescence, thermostable enzyme, esterase-2,
environmental monitoring
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1. Introduction

Pesticides have been extensively used since the mid-20th century in public health to prevent
agricultural pests and harmful organisms. Despite their undoubtable usefulness, their high use has
contributed to a widespread contamination of the ecosystem, leading to high pesticides occurrence in
water resources, soil, air and food. Exposure to pesticide residues has been proved to induce toxic
effects to unwanted species, non-target organisms, and human health (Li and Fantke, 2022), raising
concern about food safety-related issues. Pesticide monitoring has been achieved due to the use of
modern state-of-the-art techniques such as gas chromatography and liquid chromatography coupled to
mass spectrometry (GC/LC–MS) (De O. Silva et al., 2019; Song et al., 2019; Barbieri et al., 2020).
However, these methodologies are not adequate for real-time pesticides monitoring, since they are
time-consuming and require highly skilled personnel. To overcome this problem, fluorescent biosensors
have been implemented as an easy, cheap and fast technique for direct pesticides monitoring (Bhattu
et al., 2021). Several protein-based biosensors have been recently used for organophosphate (OP)
pesticides detection, and most of them are based on acetylcholinesterase (AChE) inhibition
mechanisms (Cao et al., 2020). Nevertheless, some limitations include low stability and specificity of
AChE enzymatic activity, thus the need for new, efficient enzymes to be used as bioreceptors.

Esterase-2 (EST2) from Alicyclobacillus acidocaldarius have been recently proposed as a bioreceptor
for a biosensor due to its stability over time at different temperatures, pH and organic solvents and
specificity to OP compounds (Manco et al., 1998; Mandrich et al., 2005). Recently, our group designed
and synthesised a mutant of EST2 to be used as bioreceptor for paraoxon detection (Carullo et al.,
2018). In this context, we applied a biosensing device based on the use of EST2 labelled with a
fluorescent probe as a sensitive method for the detection and quantification of OPs in real water
samples.

The main goal of the present work, as part of the European Food Risk Assessment (EU-FORA)
fellowship programme, granted by the European Food Safety Authority (EFSA), was the development
of a fluorescence-based biosensor which allows fast, direct and continuous monitoring of OPs
compounds in real environmental and food samples to address risk assessment.

The methodology provided reliable analytical performance, with fast time of analysis and high
selectivity and sensitivity toward paraoxon, achieving limits of detection (LODs) and quantification
(LOQs) comparable to other previous levels obtained for the analysis of OP pesticides in aqueous
solution. The results obtained were confirmed by the detection of OPs in surface water samples
collected in areas impacted by agricultural and/or industrial activities, supporting the use of the
developed biosensing device for the monitoring of OPs in real samples. The direct, fast and cheap
developed methodology is effective to support the use of fluorescence-based biosensors as a solid tool
to obtain high amounts of data which can be used for pesticides risk assessment.

2. Description of work programme

2.1. Aims

The aims of the work programme can be categorised into four main parts. The first goal involved
the preparation of the enzyme in free and immobilised form, to be used in the following activity as a
bioreceptor for a fluorescent-based biosensor. The third activity aimed at validating the biosensor in
the operative condition for the detection of OP pesticides in water and drinkable food, which have
been collected as part of the last activity to acquire data on different real samples (including drinking
water, beverages and surface water) to be used for a preliminary study of the risk assessment of
pesticides in environmental and food samples.

2.2. Activities/Methods

2.2.1. Expression and purification of EST2-S35C bioreceptor

In the first part of the work programme, the fellow carried out the overexpression in mesophilic
host Escherichia coli strain BL21 (DE3) of a mutant of the thermostable esterase-2 (EST2) from
Alicyclobacillus acidocaldarius (Febbraio et al., 2011), to which the serine 35 was replaced by a
cysteine residue (EST2-S35C) near the catalytic site. EST2-S35C was extracted and purified following a
protocol already described in Carullo et al. (2018), with slight modifications (Rodrigues et al., 2021).
The microorganism was grown in an appropriate medium, the biomass was recovered by
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centrifugation and the protein was extracted by a sonication step. Subsequently, the protein was
purified by thermoprecipitation steps, followed by a gel filtration step to obtain enzyme purity > 95%.
The protein concentration was estimated following the Bradford method (Bradford 1976), with bovine
ɣ-globulin as the standard.

2.2.2. Labelling of EST2-S35C bioreceptor

The fellow proceeded to the labelling of cysteine in the active site of the purified enzyme,
incubating the protein in the presence of the fluorescent probe IAEDANS, selected for the specificity of
the binding to cysteine residues. The enzyme was incubated with IAEDANS in a ratio 1:100 overnight
at 4°C. When binding occurred, the excess of the probe was removed by dialysis, and the protein–
probe concentration was determined using the Bio-Rad dye reagent, as previously described (Bradford,
1976). The fluorescence of the labelled enzyme was measured by fluorescence spectroscopy in the
emission wavelength range from 400 to 550 nm exciting at 340 nm, and acquired in a Jasco FP-8200
fluorimeter using a quartz cuvette of 1.0 cm optical path. The enzyme was immobilised on a
membrane for further analysis of the free and immobilised form for the measurement of OPs in
aqueous solution, measuring the fluorescence quenching after OP binding to the catalytic site of the
enzyme. Part of this activity was carried out in collaboration with a university group at the Department
of Chemistry of the University of Naples Federico II (Italy).

2.2.3. Biosensor validation

In the third part of the work programme, the fellow accomplished the validation of the biosensor in
the operative condition for OPs detection in water and drinkable food. The methodology was validated
in terms of precision, accuracy, linearity, stability of bioreceptor, specificity and sensitivity.
Measurements of the fluorescence quenching of inhibited EST2-S35C were performed by adding
increasing concentrations of OPs, using paraoxon as organophosphate model. The linearity of data was
assessed, as well as the LOD and LOQ. Tests on known and unknown concentrations of OP have been
carried out to define the precision and accuracy of the method, as well as measurements at different
storage times for assessing the stability of the bioreceptor.

2.2.4. Biosensor application

The last part of the work programme was dedicated to the organophosphates detection in real
samples. Several drinking water samples and beverages (tea, milk, energy drinks) were purchased
from different markets in Naples (Italy). Moreover, two sampling campaigns were carried out to collect
surface water samples from Sarno and Tiber Rivers (Italy). Both of these rivers flow in the proximity of
the metropolitan areas of Naples and Rome, respectively; thus they are representative of areas
impacted by different anthropogenic pressures (e.g. agriculture, industries). The samples were
collected in plastic bottles, transported under cool conditions to the laboratory, where they were stored
upon arrival at �20°C in the dark. Prior to analysis, the samples were centrifuged to remove
suspended particles, and aliquots of 50 mL were transferred to polypropylene centrifuge tubes.

3. Conclusions

3.1. Bioreceptor preparation

The overexpression of the EST2 mutant (Figure 1) and biochemical characterisation was well
described in Carullo et al. (2018), demonstrating that the catalytic site is not affected by the
replacement of the serine by a cysteine and that the structure-function relationship does not change.
Moreover, EST2-S35C shows the same sensitivity of the wild type EST2 to be irreversibly inhibited by
paraoxon. After conjugation of EST2-S35C with the fluorescent probe IAEDANS, the catalytic efficiency
was measured, and the results demonstrated that the activity does not change compared to the
unlabelled enzyme, continuing to be fully inhibited by paraoxon in a ratio 1:1. The labelling efficiency
was improved by incubating the enzyme with increasing concentrations of IAEDANS, observing the
best binding to occur at 1:100 protein:probe ratio.

The fluorescence intensity was measured for increasing amounts of protein and protein-probe
complex, and good replicability and linear relationship were observed. At lower protein concentration,
a better sensitivity was observed with the EST2-S35C-IAEDANS complex, confirming the advantage of

Biosensor for pesticide risk assessment in water and drinkable food

www.efsa.europa.eu/efsajournal 5 EFSA Journal 2022;20(S1):e200403



using IAEDANS as a fluorescent probe instead of only measuring the intrinsic fluorescence of the
tryptophan of the EST2 enzyme.

3.2. Biosensor application in real samples

A decrease in fluorescence intensity of EST2-S35C-IAEDANS was observed after paraoxon addition,
demonstrating that the inhibition of the labelled enzyme by paraoxon quenches its fluorescence. The
results showed that the addition of paraoxon aliquots (in the range from 40 to 140 pmol) to 300 pmol
of EST2-S35C-IAEDANS, quenched the fluorescence of the complex, reaching a plateau at 100 pmol
paraoxon. The fluorescence quenching observed in the covalently inhibited EST2 can be related to a
structural rearrangement around the cysteine 35 residues at the entrance of EST2 catalytic site
(Carullo et al., 2018), because the presence of paraoxon molecules inside the acyl pocket affects the
accessibility to the surface of the IAEDANS probe bond to the cysteine 35. A linear response was
observed considering the ratio (I0/I) between the fluorescent intensity in the absence (I0) and
presence (I) of increasing amounts of paraoxon. Measurements carried out after 7 and 14 days of the
labelled protein at 4°C gave the same results with no significant signal decay, accounting for a high
stability of the bioreceptor. The low LODs and LOQs obtained stand for a high sensitivity of the
fluorescent-based biosensor, reaching limits comparable to previous biosensor methodologies
developed for the analysis of OP pesticides in aqueous solution.

The applicability of the developed biosensor was tested with real environmental and drinkable food
samples for OPs monitoring. The samples analysed included five surface water samples from Sarno
River and two surface waters from Tiber River (Italy), two tap water samples from Naples city, four
commercially available drinking water samples, three tea samples, one milk sample and one energy
drink sample. The results showed a decrease in fluorescence with increasing volumes of both surface
water samples from the Tiber River, located in the centre of the city of Rome, therefore probably
contaminated by the high domestic and industrial activities of the area, as well as the water samples 1
and 2 from Sarno River, thus contaminated by the presence of OP pesticides. These sampling points
are located close to the sea, in urban areas with some industries, railway and other infrastructures, or
in the proximity of agricultural fields (Figure 2). On the other hand, no decrease in fluorescence is
observed in waters belonging to sampling sites at the source of the Sarno River, which are mostly
characterised by small private crops, rural areas and small urban centres. As expected, no OP was
detected in the commercial samples. However, an increase in intensity was observed at increasing
volumes of tea samples, probably due to the presence of pigments which manifest an intrinsic

Figure 1: Representation of the EST2-S35C 3D structure with a detail of the mutated group, indicated
using the van der Waals (VDW) structure
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fluorescence that may interfere with the fluorescence measurements. To overcome this problem, the
enzyme was immobilised on a membrane which was placed onto a support in a 3D adapter designed
as part of the extracurricular activities developed during the 1-year fellowship programme. The 3D
support allows the washing of the membrane to remove unwanted substances such as pigments,
improving the fluorescence measurements for food samples and avoiding fluorescence interferences in
the aqueous solution (Rodrigues et al., 2021).

These results support the use of the EST2-S35C-IAEDANS complex as a bioreceptor in biosensors
for the monitoring and detection of organophosphate pesticides in food and environmental samples
using fluorescence approaches.

The sensitivity of this bioreceptor could allow the analysis of a wide range of organophosphate
pesticides which have the same molecular target (e.g. acetylcholinesterase), and support a more
precise and complete risk assessment in terms of single compound, as well as total amount of specific
pollutants.

Figure 2: Map of the Sarno River and Tiber River (Italy) sampling campaigns, with a detail of the
sampling locations
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3.3. Additional scientific activities

Besides the working programme-specific goals, the fellow was involved in extracurricular activities,
including the participation in the scientific international conference EUROTOX 2021, held online from
27 September to 1 October 2021 with a poster presentation ‘Direct detection of organophosphate
pesticides in water by a fluorescence-based biosensor’ as the presenting author and as the co-author
of the poster presentation ‘A FRET approach to detect organophosphate pesticides using a fluorescent
biosensor’ (https://www.eurotox2021.com/abstracts/). Moreover, the fellow is the presenting author of
the abstract ‘Application of a fluorescence-based biosensing device for the detection of
organophosphate pesticides in water samples’ and the co-author of the abstract ‘Detection of
neurotoxic compounds at environmentally relevant concentrations by using a fluorescence-based
biosensing device’ accepted as poster presentations at ONE – Health, Environment, Society –
Conference, 21–24 June 2022. Also, she took part in weekly internal institutional data clubs as a
participant and twice as a speaker. In addition, the fellow developed part of her activities in
collaboration with a university group at the Department of Chemistry of the University of Naples
Federico II (Italy). This collaboration has been demonstrated by the publication of the scientific article
‘A 3D printable adapter for solid-state fluorescence measurements: the case of an immobilised
enzymatic bioreceptor for organophosphate pesticides detection’ (Rodrigues et al., 2021), in which the
fellow contributed as the first co-author. A further article is currently submitted to a peer-reviewed
journal and another publication is in preparation. She also participated in the preparation of enzymes
in the framework of a bilateral project between the IBBC institute and an Egyptian partner from Zewail
City of Science and Technology, confirmed by her period as a visiting scientist at Zewail City of Science
and Technology in 6th of October City (Giza, Egypt) from 5 to 15 November 2021.

3.4. Disclaimer

Detailed results obtained from the method development, sample analysis and risk assessment are
not included in this report to avoid certain copyright claims, as these results will be subsequently
published in other scientific journals.
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Abstract

The expansion of fields related to probiotics, microbiome-targeted interventions and an evolving
landscape for implementation across policy, industry and end users, signifies an era of important
clinical translational changes. Characteristics and perception of traditional probiotics stemmed from the
historical long-term use of fermented products. Although the distinction between probiotic
microorganisms and fermentation-associated microbes is important, it is often confused as not all
fermented foods are probiotic supplements. Current innovation in area of biotechnology and
bioinformatics is emerging outside of the classical definitions and new probiotics will emerge from
novel sources, challenging scientific as well as regulatory instructions. At the same time, the search for
individual and group microbiome signatures – biomarkers in order to predict disease incidence,
progression and response to treatment is a key area of microbiological and multidisciplinary research,
enabled by efficient and powerful processing of large data sets. However, the regulation of marketed
beneficial microbes and probiotics differs among countries and the basic level of classification, which
depend on probiotic classification is not globally harmonised. At the same time, the regulation is very
demanding to evaluate the safety of products on the market, so that only those products with
scientific evidence benefits can obtain positive recognition in ways of health claims. Collaborative
experimental and theoretical approaches and case studies have assisted the progress in this
crosscutting area of research. There is a requirement to clearly specify criteria and provide details
about ways and approaches of achieving those criteria with the intention that manufacturers can
benefit from a transparent way of communicating product quality to end users.
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1. Introduction

The human microbiota is a microbial community that lives on and in the human body. It varies
according to several factors (e.g. age, diet and lifestyle) and play a very important role in maintaining
the health homeostasis or eubiosis (L�opez-Moreno et al., 2021). It has been demonstrated that
gastrointestinal tract (GIT) disorders are linked to microbiota alterations patterns, also called GIT
dysbiosis. Many of those disorders have been proved to be reversed by administration of probiotics
(Bear et al., 2020).

Current and most adequate definition of probiotics is ‘live microorganisms that, when administered
in adequate amounts, confer a health benefit on the host’ (Hill et al., 2014). This definition was
established and issued by a consensus panel convened by the International Scientific Association of
Probiotics and Prebiotics (ISAPP), which met to discuss the modern relevance of the 2001 Food and
Agriculture Organization (FAO)/World Health Organization (WHO) definition of probiotics (Sanders et
al., 2018). Definition of probiotics will most likely still evolve over the time, and their characteristics
include: (1) Qualified Presumption of Safety (QPS) at the species level by the European Food Safety
Authority (EFSA); (2) targeting general sub-health population people; (3) isolated from gut, breast milk
and fermented foods; (4) long history of use; (5) belong to limited genera (Chang et al., 2019; Lin et
al., 2019; EFSA, 2021a).

Traditionally, lactobacilli, bifidobacteria and other lactic acid-producing bacteria (LAB) have been
used as probiotics, primarily isolated from fermented dairy products and the faecal microbiome, mainly
Lactobacillus spp. (Firmicutes) and Bifidobacterium spp. (Actinobacteria), and involve Streptococcus
spp. (Firmicutes), Bacillus spp. (Firmicutes) and Saccharomyces cerevisiae (yeast), etc. (Marco et al.,
2017; Pasolli et al., 2020; Taylor et al., 2020; Veiga et al., 2020). In 2002, the FAO and the WHO
published the ‘Guidelines for the Evaluation of Probiotics in Food’. This guideline established safety and
efficacy standards for probiotics, systematising their discovery and selection (Araya et al., 2002). The
identification of probiotic strains that efficiently produce reproducible effects on human health is still
largely made through an empirical top-down approach, that is, studying microorganisms that are
typically enriched in healthy individuals (Veiga et al., 2020; EFSA, 2021b).

Unique taxonomic profiles and specific genera and species have been associated with health and
disease status as well as host biomarkers, dietary and lifestyle characteristics in large cross-sectional
studies (L�opez-Moreno et al., 2021). Probiotics presented as promising candidate interventions with the
potential to ‘transmit’ disorder signatures towards health utilise multiple potential modes of action
(Cunningham et al., 2021). The advent of molecular approaches, such as complete whole genome
sequencing (WGS) increased our capacity to isolate and characterise new probiotic candidates for
which cultivation was previously limited by their rigorous growth requirements, with potential health
benefits and the opportunity to be developed as next-generation probiotics (NGP) and providing
further potential for precision medicine intervention (O’Toole et al., 2017; Lin et al., 2019).

This current state of interest for discovery of new species includes the GIT, female urogenital tract,
oral cavity, nasopharyngeal tract and skin. Species or genera associated with health in these regions
are being investigated as potential interventions to restore microbial populations and therefore
physiological homeostasis in disease states (Reid, 2012; George et al., 2016; Maguire and Maguire,
2017; Nakatsuji et al., 2017; Bourdichon et al., 2021).

The area of discussion that has great potential for probiotics is in detoxification of environmental
pollutants and the need to prevent adsorption of these compounds into the body of humans, such as
several endocrine disruptors (Reid, 2015; L�opez-Moreno et al., 2021). The hormone system has an
essential role in the regulation of many physiological functions such as body development, growth,
reproduction, metabolism, immunity, inflammation and behaviour (Chrousos, 2007). Endocrine
disruptor chemicals (EDCs) are exogenous compounds that interfere with any aspect of endogenous
hormone system, including hormones production, release, transport, metabolism, binding, action or
elimination, negatively affecting human health (Lee, 2018; Pouzaud et al., 2018). They represent a
special and challenging form of toxicity as their effects depend on both the level and timing of
exposure, being especially critical in developmental stages (WHO/UNEP, 2012). EDCs are highly
heterogeneous chemicals – including pesticides, fungicides, plastics, plasticisers and heavy metals –
with diverse applications at industrial, agricultural, pharmaceutical and cosmetic level, which result in
contaminant residues in food and other consumer products leading to human exposure to EDC
mixtures, which is continuously increasing (Schug et al., 2016; G�alvez-Ontiveros et al., 2020).

This Technical Report represents a description of the EUropean FOod Risk Assessment (EU-FORA)
Fellowship work programme and its objectives: ‘To promote and coordinate the development of
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uniform risk assessment methodologies in the fields falling within its mission’, founded by EFSA. The
proposed project of ‘Microbiota analysis for risk assessment improval: Evaluation of hazardous dietary
substances and its potential role on the gut microbiome variability and dysbiosis’ was developed within
Faculty of Pharmacy, University of Granada (UGR), and ‘Jos�e Mataix Verd�u’ Institute of Nutrition and
Food Technology (INYTA - UGR) team projects that carry out microbiota analysis with different health
purposes since 2003. Interaction among distinct scientific disciplines as microbiology, nutrition,
toxicology, analytical chemistry, food safety and personalised medicine are needed to analyse factors
and substances that affect human microbiota eubiosis/dysbiosis. Furthermore, omics technologies have
a relevant role to achieve the elucidation of mechanisms leading many diseases, disorders and
dysbiosis caused by dietary exposure to toxic compounds. They could be one of the strategies to
understand the relation between microbiome and gut physiology status together with its axis
interaction. Moreover, current interest of gut microbiota determinations for complementing risk
assessment of metabolite traces of toxicants and xenobiotic substances in food is being of high
relevance. Within this initiative, multidisciplinary consortium submitted the following EFSA Partnering
Grant proposal (2019–2021) that has been successfully evaluated and awarded: ‘KNOWLEDGE
PLATFORM FOR ASSESSING THE RISK OF BISPHENOLS ON GUT MICROBIOTA AND ITS ROLE IN
OBESOGENIC PHENOTYPE: LOOKING FOR BIOMARKERS’ Acronym: OBEMIRISK. The programme was
supervised by Dr. Margarita Aguilera-G�omez, Associate Professor at UGR. The programme consisted of
three different modules based on on-going research project work and previous research interests.

2. Description of work programme

The EU-FORA work programme ‘Microbiota analysis for risk assessment improval: Evaluation of
hazardous dietary substances and its potential role on the gut microbiome variability and dysbiosis’
was structured in three different modules that covered a wide range of aspects related to microbiota
analysis for risk assessment improval. Taken together, all modules ensured a broad overview on the
various methodologies, tools and applications of programme. Each module was organised into various
related activities that were addressed step by step. Over the course of the year, Dr. Aguilera-G�omez
monitored the progress of the programme and managed the evolution of the project’s activities.
Weekly meetings analysed in greater detail the progress of each module’s deliverables and outcomes
according to the programme timeline. Furthermore, specialists were chosen to co-supervise each
module based on their experience and relevance.

2.1. Aims

Each module of the ‘Microbiota analysis for risk assessment improval: Evaluation of hazardous
dietary substances and its potential role on the gut microbiome variability and dysbiosis’ work
programme represented an independent project (Figure 1) and had specific deliverables and
outcomes, as follows:

• Objective/Module 1. To focus on obtaining the upmost information about human microbiota
variability and dysbiosis associated and/or putatively caused by diet hazardous substances
exposure and consumption, and future perspectives of probiotics and next-generation
probiotics.

• Objective/Module 2. To learn main available methods and omics technologies for gut
microbiota analysis (composition/activity patterns) while exposed to different level of diet
hazardous substances (e.g. bisphenol A and analogues).

• Objective/Module 3. To learn main methods for chemical determination of bisphenols and
analogues in food samples and human sample specimens (saliva, urine, faeces) and
elaboration of common questionnaires and surveys for food exposure estimation of the
presence of BPA and analogues (design, improvement, validation and its implementation).

Microbiota analysis for risk assessment
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2.2. Activities/Methods

2.2.1. Objective/Module 1: Comprehensive revision of literature data

A systematic review, a meta-analysis and an extensive literature search methodology was taught
and applied in different searching engine databases (Pubmed, Scifinder, Web of Science, Scopus,
Embase) according to (EFSA, 2015). It has been designed with specific key words (microbiota,
endocrine disruptors, bisphenols, obesity, insulin resistance, dyslipidaemia, hypertension, symptoms of
metabolic syndrome, infertility, interventions, probiotics and omics technologies), together with specific
question, specific exclusion and inclusion criteria, and categorisation of studies in order to obtain
relevant documents for the holistic analysis of human microbiota and its role in risk assessment and to
build Guidelines documents compiling Regulatory data and scientific evidence affecting microbiota and
probiotics risk assessment and food safety aspects.

Safety assessment and regulatory framework

The regulation of marketed probiotics differs among countries and the basic level of classification is
not globally harmonised. Therefore, probiotics can be sold as nutraceuticals, dietary supplements, or
food. In the US, probiotics are categorised as nutraceuticals, life biotherapeutic agent, medical food,
biological product or dietary supplement, which are regulated by Food and Drug administration (FDA),
under Dietary Supplement Health and Education Act (DSHEA) or Biologic Licence Application (BLA). In
Japan, probiotics are classified as functional foods and nutraceuticals and regulated by Ministry of
Health and Welfare (MHLW), as Food for Specified Heath Use (FOSHU). In Canada, probiotics are
classified as Natural Health Products and are regulated by The Canadian Food Inspection Agency
(CFIA). In the EU, most bacteria that will be used in foods for human consumption need to comply
with two different regulations (EC 258/1997 and EC 1924/2006), or if used as life biotherapeutic
products (described in the European Pharmacopoeia - Ph. Eur.) (Cordaillat-Simmons, et al., 2020). In
order to assess the safety of microorganisms, EFSA introduced the concept of the QPS to harmonise
the safety evaluation of microorganisms used as food or feed additives, food enzymes, novel foods or
pesticides, which has to follow certain criteria (EFSA, 2017, 2018, 2020) (Table 1).

Figure 1: Diagram of proposed work programme as timeline

Table 1: Transfer of general criteria for safety assessment of microorganisms isolated from human
microbiota

Criteria Description

Identification General information Source, culture collection deposition, intended use,
genetically modified microorganisms

Sequencing Whole genome sequencing (WGS), methodology of
sequencing, assembly, annotation, quality control

Microbiota analysis for risk assessment

www.efsa.europa.eu/efsajournal 6 EFSA Journal 2022;20(S1):e200404



By the general guideline for qualifications of the QPS, unless the strain qualifies for the QPS
approach or belongs to a taxonomic unit, known not to produce antimicrobials relevant to use in
humans and animals, assessment should be made to determine the inhibitory activity of culture
supernatants against reference strains, known to be susceptible to a range of antibiotics and the
inhibitory substance (FAO, 2007; EUCAST, 2015). Slight difference has been made for the production
strains, which have to demonstrate the absence of carry over into the final product together with the
exact phase of the industrial scale manufacturing process and whether any critically important
antimicrobials (CIAs) or highly important antimicrobials (HIAs) are used during the manufacturing of
the product, to determine compatibility with other additives showing antimicrobial activity and
furthermore possible co-/ cross-resistance (EFSA, 2018) and which might eventually be transferred via
horizontal gene transfer to pathogenic bacteria during food manufacture or after consumption (EFSA,
2020). In addition to general guideline for qualifications of the QPS, EFSA made supplementary
requirement for Bacillus species other than the Bacillus cereus group, where a cytotoxicity test should
be made to determine whether the strain produces high levels of non-ribosomal synthesised peptides
(EFSA, 2018).

Therefore, different legal procedure has to be conducted in order for the product to reach the
market, which depend on previously explained classification. At the same time the regulation is very
demanding to evaluate the safety of products on the market, so that only those products with
scientific evidence that claim health benefits can obtain positive recognition (Degnan, 2012; Morovic
et al., 2017; Li et al., 2018; Jagadeesan et al., 2018; de Simone, 2019). EFSA, responsible for
authorisation of health claims, has rejected all submitted health claims regarding probiotics. The
dossiers submitted in support of the claims have been deemed to not establish a cause-and-effect
relationship between a probiotic product and the claimed health effect. The applied standard in the EU
is the ‘highest possible standard’ of evidence and all studies must be conducted on healthy subjects to
be considered (Sanders et al., 2018). EFSA also does not permit the use of the word probiotic on the
label of products containing the GRAS strains (de Simone, 2019). However, to the extent a probiotic is
added to a fermented food, or included in the production of a fermented food, then that fermented
food would also be a probiotic food. Indeed, EFSA has approved a health claim for yogurt, having
determined that the yogurt bacteria (Streptococcus thermophilus and Lactobacillus delbrueckii subsp.
bulgaricus) at the species level can help improve digestion of lactose among individuals with lactose
maldigestion (Sanders et al., 2018).

While there is a general consumer view that probiotics and fermented foods are beneficial, there is
still a gap in understanding on definitions of the terms ’probiotics’, their benefits to health, how they
function, and where to find the best sources in food and healthcare products (Cunningham et al.,
2021). Probiotic supplements are often conceived by the public and recommended by clinicians to their
patients as homogenous beneficial microorganisms (Veiga et al., 2020). And regardless of all
preventive effects, the consumption of probiotics may not be thoroughly safe in certain cases or
physiological states (O’Toole et al., 2017). In this context, several bacterial species from genera other
than Lactobacillus and Bifidobacterium with proven efficacy, which are considered as potential NGP
may be strain-by-strain assessed in order to obtain sufficient research data, and to grant probiotic
status on the species level (Hill et al., 2014).

Criteria Description

In silico identification Identification, phylogenetic relatedness (Alignment-free
genome distance estimation (isDDH), Alignment-based
calculation of average nucleotide identity (ANI))

Characterisation Antimicrobial susceptibility Determination of minimum inhibitory concentration (MIC)
and antimicrobial resistance (AMR) genes from WGS

Toxigenicity and pathogenicity Determination of virulence factors from WGS, cytotoxicity
test

In vivo microbial studies Impact on gut microbiota, compatibility with other
additives showing antimicrobial activity

Production process Industrial scaling Production process (processes, culture media, impurities),
stability, specifications (formulation and other ingredients)

Final product Information Compositional data, proposed uses and level of uses, route
of administration, labelling, post-market surveillance
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Information of beneficial results provided by the NGP will comprise comprehensive understanding of
their targeted diseases. On top of these, the underlying molecular mechanisms on how NGP work and
interacts with the host have to be clarified (Lin et al., 2019). It is important to characterise in vitro
bacterial physiology, genomic analysis of potential virulence and antimicrobial resistance genes,
investigations on the presence or absence of potential genes involved in transferring antibiotic resistance
gene, and in vivo acute toxicity study in both healthy and immunosuppressed mice (Saarela, 2019).

2.2.2. Objective/Modules 2 and 3: Practical work

Next-Generation Sequencing (NGS), Bioinformatics Analyses and Omics Data Integration

The search for individual and group microbiome signatures together with the rapid evolution of
cultivation-independent, next-generation sequencing and meta-omics technologies, has allowed for the
integration and analyses of large datasets for the study of the diversity, complexity and functional role
of human gut microbiome in health and disease (Miyoshi et al., 2020). A large part of the detected
bacteria has never been cultivated (Amrane et al., 2019), therefore, an integrative approach using
both metagenome and metabolome-based characterisations of the gut microbiome together with
bioinformatic and statistical filters and algorithms can provide strain-level taxonomic resolution of the
taxa present in microbiomes, assess the potential functions encoded by the microbial community and
quantify the metabolic activities within a complex microbiome (Dhakan et al., 2019). Based on these
data, there is significant interest in targeted strategies to modulate microbial composition within hosts
on a personalised or population subgroup level (Cunningham et al., 2021).

The various platforms and reference databases developed for the marker gene (16S rRNA),
metagenomics, or meta-transcriptomics analysis (Table 2) often use similar stepwise approaches with
different bioinformatic tools (Knight et al., 2018; Swann et al., 2020; Graw et al., 2021).

Table 2: Different genomic analyses for evaluation of microbial communities

Method Cons (+) and pros (–)

High-level community profiling:
Marker gene analysis (16S rRNA, ITS
or 18S rRNA)

+Simple and inexpensive method for sample preparation and analysis
+Large already existing public data available for comparisons of
different datasets
+Higher-level analysis
–No live, death or active discrimination
–Several biases introduced through amplification, choice of primers
and variable regions
–Negative controls are required
–Functional information is limited

Functional profiling:
Whole metagenome analysis

+Can directly infer the relative abundance of microbial functional
genes; microbial taxonomic and phylogenetic identity to species and
strains level is attainable for known organisms
+No sequencing-related biases as with marker gene analysis
+Higher-level analysis
–Relative expensive, complex and laborious method for sample
preparation and analysis
–No live, death or active discrimination
–Default pipelines don’t have well annotated viruses and plasmids
and together with host-derived DNA and organelles it may introduce
ambiguous microbial signatures and assembly artefacts

Real-time functional profiling:
Metatranscriptome analysis

+Can estimate which microorganisms and their activity in a
community are actively transcribing when paired with marker gene
analysis, including the responses to interventions (intra-individual
variation)
+Can discriminate between active vs. dormant or dead
microorganisms and extracellular DNA
+Higher-level analysis
–Relative expensive, complex and laborious method for sample
preparation and analysis, together with collection and storage
–Host micro RNA contamination and rRNA must be removed
–Several biases introduced due to organisms with high transcription
rates
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The microbiomics give us a great insight into the regulation of gut microbiota. However, in order to
understand the complex biological pathways behind diseases, the identification of novel -omics
biomarkers, such as identification of genes (genomics), gene expressions and phenotype
(epigenomics), messenger RNA and micro RNA (transcriptomics), proteins (proteomics) and
metabolites (metabolomics, lipidomics, glycomics) could bring forward knowledge on probiotics and
their effects on obesity and its modulation of pathophysiological mechanisms that have links with
chronic diseases (Graw, et al., 2021).

Integrating multi-omics datasets is an innovative assignment (Figure 2), due to the increased
complexity and diversity of the collected data (Knight et al., 2018). This integration is increasingly
reliant on efficient bioinformatics tools and advanced statistical methods (Valles-Colomer et al., 2016;
Mallick et al., 2017; Knight et al., 2018). Identifying microbial taxa that explain differences between
communities is particularly challenging because microbiome data sets are high-dimensional (that is,
they include thousands of taxa), sparse and compositional. Furthermore, understanding and modelling
the confounding effects of the microbiome environment, such as host ethnicity and lifestyle, body site
etc., on the microbiome remains challenging. NGS data require intensive analysis and would benefit
from some standardisation of approach in the scientific community especially when different methods
applied in the same population yield inconsistent results (Knight et al., 2018; Poussin et al., 2018).

Therefore, multi-omics data integration still poses challenges, but integration of multiple meta-
omics datasets lays out a promising approach to comprehensively characterising the composition,
functional, and metabolic activity of microbiomes. This is of particular importance for microbiome
research to be translated into clinical applications, together with an increased demand for larger
prospective cohort studies to validate findings and determine biomarker reproducibility before they can
find applications for further improvement of human health management (Zhang et al., 2019).

2.2.3. EU-FORA Fellowship additional activities and trainings

EU-FORA Fellowship additional activities: In addition to the work at the Unit of INTYA - UGR, the
Fellow attended the four EU-FORA modules organised by EFSA (Italy), AGES (Austria), BfR (Germany)
and EFET (Greece) where a wide training in risk assessment provided her extremely useful knowledge
and practice. Moreover, additional activities positively contributed the work development and results
dissemination, as well as her training and learning:

Figure 2: Multiomics data integration approach for elucidating the role of microbiota
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• The BIOSAFE webinar series: ‘Update your knowledge on Transparency Regulation and In vitro
efficacy studies’, 17th February, 2021.

• The Microbiome Informatics webinars of the Ohio State University, 2nd March - 4th May 2021.
• The GEN webinar series: ‘Solving Metadata Management from Sample Provenance through

Omics’ 6th of April 2021.
• The BIOSAFE webinar series: ‘Update your knowledge on antimicrobial resistance’, 15th April

2021.
• The LAS-ICMSF Webinar: ‘Update on Food Safety’, 13–15 April 2021.
• The Greater Copenhagen Microbiome Summit 2021, 22nd April 2021.
• Canadian Bioinformatics Workshop Series: ‘PNA: Pathway and Network Analysis’, 10–12 May 2021.
• The STOA (The European Structural and Investment Funds - ESIFs and Horizon Europe) online

workshop: ’Health and economic benefits of microbiomes’, 11th May 2021.
• The BIOSAFE webinar series: ‘Update your knowledge on Microbiome research and WGS

analysis of secondary metabolites’, 11th May 2021.
• Canadian Bioinformatics Workshop Series: ‘MLE: Machine LEarning’, 25–26 May 2021.
• Canadian Bioinformatics Workshop Series: ‘MET: METabolomics analysis’, 7–11 June 2021.
• Canadian Bioinformatics Workshop Series: ‘AUR: Analysis Using R’, 28–29 June 2021.
• Canadian Bioinformatics Workshop Series: ‘MIC: MICrobiome analysis’, 26th August and 1–3

September 2021.
• Canadian Bioinformatics Workshop Series: ‘RNA: RNA-seq Analysis’, 8–10 September 2021.
• Canadian Bioinformatics Workshop Series: ‘HTG: High Throughput Genomics analysis’, 27–29

September 2021.
• RAFA 2021 - Virtual event highlighting current Trends and Views: ‘Recent advances in food

analysis’, 3–4 November 2021.
• The series of ‘Introduction to BioCyc for New Life Sciences Graduate Students and Post-Docs in

the life sciences’, 3–17 November 2021.

and participation at congresses (Annex A):

• Abstract acceptation and iPoster presentation at the World Microbe Forum 2021, 20–24 June
2021 (online worldwide); in collaboration with the team (Ana L�opez-Moreno, Alfonso Torres-
S�anchez, �Angel Ruiz-Moreno, Pilar Ortiz, Marina �Ubeda, Jes�us Pardo, Margarita Aguilera; Faculty
of Pharmacy, University of Granada, Granada and ‘Jos�e Mataix Verd�u’ Institute of Nutrition and
Food Technology (INYTA), Granada).
Title: Safety Assessment Criteria Implemented for the Gut Microbiota Taxa with Potential Use in
Metabolization of Dietary Endocrine Disruptors.

• Oral communication at THE EFSA-OBEMIRISK WORKSHOP Granada meeting Action: OBEMIRISK-
Knowledge platform for assessing the risk of Bisphenols on gut microbiota and its role in
obesogenic phenotype: looking for biomarkers (Granada, Spain; 14–15 October 2021) in
collaboration with the team (Ana L�opez-Moreno, Alfonso Torres-S�anchez, �Angel Ruiz-Moreno,
Pilar Ortiz, Antonis Ampatzoglou, Agnieszka Gruszecka-Kosowska, Margarita Aguilera; Faculty of
Pharmacy, University of Granada, Granada and ‘Jos�e Mataix Verd�u’ Institute of Nutrition and
Food Technology (INYTA), Granada):
Title: Metagenomic analysis of children gut microbiota: challenges and standardization

• Abstract acceptation and Poster presentation at the EFFoST conference 2021, from 1 to 4
November 2021, Lausanne; Switzerland in collaboration with the team (Ana L�opez-Moreno,
Alfonso Torres-S�anchez, �Angel Ruiz-Moreno, Pilar Ortiz, Antonis Ampatzoglou, Agnieszka
Gruszecka-Kosowska, Margarita Aguilera; Faculty of Pharmacy, University of Granada, Granada
and ‘Jos�e Mataix Verd�u’ Institute of Nutrition and Food Technology (INYTA), Granada):
Title: Safety assessment of Bacillus sp. AM1 isolated from human gut microbiota, with the ability
to metabolize dietary endocrine disruptors, as potential product used in food production chain

2.3. Results and discussion

Faecal sampling previously clustered from children (n = 109) population, aged between 3 and
13 years old, according to different level of bisphenols and analogues measurement and estimation will
be analysed through 16S rRNA gene sequencing, metagenomics and data processing. Genomic DNA
was extracted and microbiota in faecal samples population was analysed by sequencing the V4 region
of microbial 16S rDNA, using an Illumina MiSeq platform as described by Ruiz et al. (2017) and Cerd�o
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et al. (2016). Sequences were further demultiplexed and filtered. The amplicon sequence variants
(ASVs) were defined at 99% and taxonomic classifications and were assigned using the naive Bayesian
algorithm CLASSIFIER of SILVA database. Furthermore, faecal supernatants were prepared from the
most relevant samples to assess microbiota anaerobic culturing.

To identify microbiota composition, dysbiosis phenotypes patterns, reduced rank regression (RRR)
models were used to derive combinations of phenotypes maximising the explained variability of gut
microbiota within-sample diversity (each a-diversity index; Chao1, Shannon, and Faith PD). Later we
will examine partial Spearman’s correlation coefficients between the a-diversity dietary pattern and
relative abundance (% ASV) of major phyla including F/B ratio and genera within the major phyla of
the human gut microbiota with different variables within population, and sample batch as covariates
and with multiple comparison corrections using false discovery rate (FDR). Enterotypes of gut
microbiota were explored by a combination of principal coordinate analysis (PCoA) based on between-
sample (b-) diversity indices (unweighted and weighted UniFrac and Bray-Curtis), and then k-means
cluster analysis based on the PCoA scores of the first two principal coordinates. All analyses were
performed using the R statistical software.

Microbiome data collection, collation, comparison and integration of data contribute to strength the
dysbiosis phenotype-xenobiotic/toxic compound. As the proposed outcome, Microbiota knowledge
integration platform database together with Standard operational procedures could serve as further
improvements and guidelines for future legislation. This proposal contributes to the EFSA’s scientific
assessments through the expected findings that enlarge crosscutting knowledge about bisphenols
exposure, its impact on gut microbiota, dysbiosis and obesity.

The final deliverables and complete work will be published in open access publications.

3. Conclusions

In short, microbiome analysis could contribute to improve area of risk assessment and food safety.
Moreover, probiotic strains must be sufficiently characterised by next generation sequencing, safe for
the intended use, assessed through pathogenicity, immunotoxicity, colonisation, antimicrobial
susceptibility and genetic stability, supported by human clinical trials, conducted according to generally
accepted scientific standards and alive in sufficient numbers in the product at an efficacious dose
throughout shelf life. However, also legal and ethical matters must be addressed in the development of
next generation probiotics, taking into account the proposed use and in the case of isolating microbes
from humans ensuring appropriate informed consent.

Food safety risk assessment of EDCs should eventually consider the changes in and interactions
with human microbiome. However, research in this field, including the variability of the human
microbiome and its association with health outcomes, is still at its very first phase of development,
requiring integrative expertise and holistic analyses. Furthermore, global harmonization and consensus
of all stakeholders involved in the probiotic market is important since boundaries between differently
regulated markets became minimal. Therefore, product approval procedures should be globally
enforced, together with clear, reliable and truthful labelling for consumers stating general safety and
true nature of the product they are using together with the following parameters: the genus, species
and strain used, the CFU / g or ml of product (colony forming units), the recommended use and the
daily dose, as well as quality parameters of the product: trademark, magisterial formula, ingredients,
expiration date, storage conditions.

Figure 3: Evolution of microbial risk assessment under One Health approach
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Microbiological risk assessment was initially designed to evaluate and prevent the impact of
pathogenic microorganisms on human health. However, the era of biotechnology and extensive use of
new microorganisms and their products need a more holistic risk analysis. In line, risk assessors and
managers request actions and implementation of practical approaches under the One health concept.
Therefore, this work contributes to establish know-how for the integration of microbiota biomarkers
and next generation of probiotics impacting and modulating global health (Figure 3).

Disclaimer

The individual results of the analysis are not included in this report to avoid copyright claims as this
research is part of an ongoing research project (being the EU-FORA Fellowship Programme) and the
results are intended to be subsequently published in other scientific journals.
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Annex A – Posters presented at conferences:

• The World Microbe Forum 2021, 20-24 June 2021

Title: Safety Assessment Criteria Implemented for the Gut Microbiota Taxa with Potential Use in 
Metabolization of Dietary Endocrine Disruptors. 

• The EFFoST conference 2021, from 1-4 November 2021

Title: Safety assessment of Bacillus sp. AM1 isolated from human gut microbiota, with the ability to 
metabolize dietary endocrine disruptors, as potential product used in food production chain. 
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Abstract

Salmonellosis is one of the most important food-borne outbreaks that occurs in the EU/EEA. From the
first production stages at slaughter, meat is susceptible to spoilage and can be a substrate for the
pathogenic microorganisms growth. Among the pathogens, the presence of Salmonella is mainly due
to mishandling during the evisceration stage. For the year 2019, according to the collected data from
MSs, on the 17.9% of all food-borne outbursts, the presence Salmonella was confirmed. Pork meat is
considered as one of the four most commonly reported foods in cases of salmonellosis. For the
training purposes of this project, Salmonella isolation and identification along with RA for carcass
contamination, was performed. Pig carcasses were sampled using the non-destructive technique. The
sampling took place post dressing and before the stage of chilling. For the Salmonella detection, a
three phases process was performed (pre-enrichment, enrichment, isolation). A total of 757 samples
were collected, 19 were found to be positive for Salmonella. The most common was found to be
Salmonella Derby, which was identified eight times. The main objective of the project was to
determine the prevalence of Salmonella spp. in swine carcasses. Moreover, certain parameters were
evaluated in terms of their influence on the prevalence of Salmonella. A stochastic simulation model
was developed in Microsoft Office Excel 2019 by using the add-in @Risk v.8.1. The prevalence was
estimated to be 2.6%. For the pigs sampled, the average value of the distance from farm to
slaughterhouse was 200.92 km. Additionally, the average weight of the carcasses was 127.97 kg. The
prevalence of Salmonella between the samples that came from farms with a distance above the
average, was higher by 1.7 units, while the prevalence for the samples with weight above the average
was higher by 0.2 units. According to the stochastic model, it is specified that the prevalence is higher
with greater distance, and there is an 8.1% probability the prevalence will exceed the legislation’s –
hygiene criteria. In addition, the prevalence of Salmonella was shown to increase, as well in the case
of samples from weightier animals, but to a lesser extent.
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1. Introduction

1.1. Food safety and hygiene

During the slaughter of animals and meat processing, the possibility of contamination by
mishandling is high. From the first stages of the slaughter, meat is susceptible to spoilage and can be
an ideal substrate for the growth and multiplication of pathogenic microorganisms. The application of
inappropriate hygiene practices during handling, processing, storage, and distribution, catalyses the
type and extent of contamination, causing unwanted degradation of quality and potentially serious
consequences for the safety and health of consumers. During the last years, continuous improvement
actions are carried out in the production processes with the main aim of implementing suitable food
safety protocols. Despite these, incidents and their graveness remain high, causing increased concern
and a considerable rise in uncertainty. In cases involving the growth of pathogenic microorganisms in
meat, the type or intensity of the infection may be influenced by factors such as the origin or other
specific characteristics of the animal (Koutsoumanis and Sofos, 2004). Among the main causes of
contamination in meat are, direct contact with faeces residues, hides during the skinning process,
lymph nodes and gastrointestinal tract during the process of evisceration (Mann et al., 2016; Mrdovic
et al., 2017; Peruzy et al., 2021).

According to EU Regulation 853/2004, 7°C is defined as the maximum storage temperature for
carcasses, which needs to be applied once the dressing stage is been completed. At this temperature,
most of the pathogenic microorganisms do not grow, but the activity of some of them is not
completely inhibited. Among the pathogens is the presence of Salmonella, which is mainly due to
mishandling during the evisceration stage (Choi et al., 2013; S�anchez-Rodr�ıguez et al., 2018, Grispoldi
et al., 2020).

1.2. Reported food-borne data

Salmonellosis is one of the most significant food-borne outbreaks that occurred in the EU/EEA on
an annual basis. It is the second most frequent gastrointestinal infection in the human population. First
in the ranking is campylobacteriosis. Between the years 2018 and 2019, the reported cases of
salmonellosis in the European Union (EU) remained at the same level, interpreted as 20 recorded
cases for every 100,000 people. During the last 5 years, there have been stabilising trends regarding
the cases of Salmonella Enteritidis, as well. In absolute numbers, the confirmed cases, for 2019,
reached the level of 88,000. From the collective data of the 23 Member States (MS), for 2019, a total
of 926 salmonellosis cases were recorded. More than 9,000 people fell ill, leading to seven declared
deaths. For the 17.9% of all food-borne outbursts, Salmonella was confirmed as the main cause, while
72.4% of them were due to S. Enteritidis (EFSA, 2021).

Pork meat and its products are one of the four most commonly reported foods in cases of
salmonellosis. For the years 2017 to 2019, the officially declared data, of the results of the Salmonella
control by the food companies, show continuously low percentages of positive samples in pork
carcasses. Nevertheless, the presented values, are often lower than the results of the inspections
carried out by the competent authorities. From the MS’ reports on the serotyped isolates, derived both
from food and animal sources, 12% concerned the case of pork origin. The serotyped isolates with the
highest incidence responsible for infections in the human body were S. Infantis at 29.7%. Followed by
S. Enteritidis, the single-phase variant of S. Typhimurium, S. Typhimurium and finally S. Derby, with
percentages of 6.9%, 4.5%, 3.9% and 3.7%, respectively (EFSA, 2021).

1.3. Legislation’s requirements

According to Annex I of the EU Regulation 2073/2005, it is stated that after three successive
positive samples, but no longer after five positives, the food business operators must adopt
immediately suitable preventive measures. For instance, the general upgrading of hygienic conditions
during slaughter or revaluation of the process controls. Therefore, it must be certified that the
percentage of carcasses that do not fulfil the process hygiene criteria, is less than 6%.

The EU Regulation 218/2014, inserts further information regarding the official inspection controls
concerning porcine species, with the aspect of respecting the application of the microbiological criteria.
At the slaughterhouse, the business operator should carry out a fixed annual sampling plan with a
minimum of 49 samples. Each sample from a different animal. The competent authority must plan the
method most suitable for each slaughterhouse.
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In the case of having one or more positive samples, out of the total 49 animals tested, a ≥ 6%
Salmonella prevalence is assumed, with a 95% confidence margin. As a result, the competent
Authority shall investigate further the possible non-conformities to determine if the critical percentage
of 6% is exceeded or not. This percentage can also be interpreted as the minimum percentage of
samples that need to meet the legislation – hygiene criteria in the official sampling plan before
corrective actions are needed.

Furthermore, the sampling plan can be modified accordingly and comprise smaller number of
samples. This can be achieved only with relevant approvement by the official veterinarian authority,
after taking into account the risk assessment of the slaughterhouse, and aspects such as the size of
the slaughterhouse, hygienic conditions, the facilities of the establishment, number of suppliers,
distance between suppliers’ farms and premises. The implementation of all samplings should always be
in respect of EU Regulation 2073/2005.

All results and data from the business operator’s self-control and from authorities sampling, must
be reported in an annual base to European Commission in accordance with 2003/99.

2. Description of work programme

2.1. Importance

Active enrolment in the Salmonella isolation and identification along with RA for carcass
contamination, will cover all aspects of the risk assessment process, including knowledge transfer to
state veterinarians and food business operators. The topic of choice is of extreme actuality and arises
from the background of a progressive streamlining of food controls on abattoir on behalf of visual
inspection and limitation of palpation and cuts. For a comprehensive risk assessment, this approach
has to consider the presence of bacteria on the carcass as per regulation 2073/2005.

2.2. Activities/Methods

This study was carried out at a slaughterhouse in central Italy between October 2018 and October
2021. During this period, 757 pig carcasses were sampled using the non-destructive technique. The
four sampling sites tested for Salmonella presence on swine carcasses were: rump, belly, thorax, and
neck. The sampling areas of each of the four sites were approximately 100 cm2, like a square with
10 cm length on each side. The sampling took place post-dressing and before the stage of chilling.

The technique used is the following: for the sampling, a sponge in a sterile bag (Hydrated Speci-
Sponge® Bags) is moistened in 10 mL of peptone water. Make sure that the sponge is adequately
soaked. After identifying the sampling sites, delimit the four areas each of 100 cm2. Apply on both
halves of the carcass, by exerting sufficient pressure to the skin surface area. Sterile disposable gloves
should be used, to avoid any contamination of the samples. The sponge should be swiped across the
surface to be sampled horizontally, vertically, and diagonally, approximately 10 times in each direction,
inside the limits of the designated areas. Then return the sponge into the sterile bag, seal it and label
it with lot number of the sampled carcass.

Salmonella detection involves a process of three successive phases. The first is pre-enrichment, the
second is enrichment, and the last one the isolation. For the pre-enrichment phase, test tubes
containing 25 mL of peptone water were used (ISO 17604/2015). These tubes were poured inside the
sterile sponge bags and after sampling they were incubated at 37°C for 24 h. For the enrichment
phase, 0.1 mL was taken from the liquid derived from the sponge, after pre-enrichment, and sown in
tubes containing a selective broth for the isolation of salmonellae, Rapport-Vassiliadis (ISO 6579-1
2017/AMD 1:2020). These tubes were incubated at 42°C for 24 h. This broth was developed
specifically to exploit the four characteristics that differentiate Salmonella from other
Enterobacteriaceae, namely: endurance to high osmotic pressures, growth at lower pH values,
malachite green resistance, minor nutritional requirements. For the isolation, the samples were sown,
by using sterile loops, on Petri dishes containing xylose lysine deoxycholate (XLD), a selective medium
for the isolation of salmonellae, suitable for clinical and food samples. These plates were then
incubated at 37°C for an additional 24 h. Salmonellae use xylose and decarboxylate lysine, thereby
changing the pH to higher alkalinity levels. Change of the soil’s colour is observed. The initial light red
turns to bright red/violet. Furthermore, salmonellae presence can be spotted from the black-coloured
colonies. The hydrogen sulfide, which is produced as a catabolite, forms a bind with the ammonium
iron citrate, found in the soil, precipitating in the form of a black compound (ISO 6579-1 2017/AMD
1:2020).
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Colonies showing phenotypic characteristics attributable to the genus Salmonella were isolated,
cultivated in purity, and stored in a freezer at �80°C for subsequent analysis. The stems were then
thawed and grown in brain–heart infusion broth at 37°C for 24 h. Subsequently, a suspension in
physiological solution of the second degree of the McFarland scale was prepared for each bacterial
stem. This suspension was inoculated in an API 20E diagnostic gallery and incubated at 37°C for 24 h.
API 20E is a standardised system used, not only for the identification of Enterobacteriaceae but for
other non-demanding Gram-negative bacilli as well. It includes 21 miniaturised biochemical tests, in
addition to a specific database. The API 20E gallery consists of 20 microtubes, containing dehydrated
substrates. The tubes are inoculated with a bacterial suspension that reconstitutes the media. The
reactions produced during the incubation period result in spontaneous colour changes or may be
revealed by the addition of reagents. The reading of these reactions is carried out using the reading
table while the identification is obtained with the analytical index or with the identification software.
The stems identified as Salmonella spp. were sent to the ‘Togo Rosati’ Experimental Zooprophylactic
Institute of Umbria and Marche for serotyping (ISO 6579-1 2017/AMD 1:2020).

Serological typing is carried out through serum agglutination, with a rapid method on a slide. This
method is applied to the identification of somatic O antigens and H flagellar antigens and is based on
the identification scheme developed by Kauffmann-White, Le Minor (Grimont and Weill, 2007).

For the 19 positive samples, the serotype was specified, as described above. From more to less
frequently identified: Salmonella derby, eight times; Salmonella typhimurium and Salmonella London,
three times; Salmonella give and Salmonella Brandenburg, two times; Salmonella gold coast one time
respectively (Figure 1, Table 1).

2.3. Application of simulation model

To analyse the risk and calculate the prevalence, a stochastic simulation model was developed in
Microsoft Office Excel 2019 with the use of the add-in programme @Risk v.8.1 for Excel (Palisade,
Ithaca, USA). @Risk is based on a Monte Carlo simulation that can provide beneficial outcomes and
allow to overcome uncertainty in quantitative analysis. Monte Carlo simulation can perform risk
analysis through the substitution of individual points of uncertain inputs with the distribution of
possibilities. These are randomly tested over and over, for many interactions, and the model
calculation to create large sets of possible data which can then be further analysed.

A total of 757 samples were collected and the data were processed with the application of @Risk.
Of that 19 samples were found to be positive for Salmonella. The prevalence of Salmonella was
estimated to be 2.6%. The pigs came from farms in various parts of Italy (Figure 2). The distance
from farm to slaughterhouse ranged from 7.6 to 584 km and the average value was 200.92 km
(Figure A.1a). The weight of the carcasses ranged from 51 up to 207.8 kg with an average of
127.97 kg (Figure A.1b). The prevalence between the samples that came from farms with a distance
greater than 200 km (distance above the average), concerning the prevalence of Salmonella for all the
samples, was higher by 1.7 units, with an estimated prevalence value of 4.3%. The stochastic model
gives a direct correlation between the distance and the expected prevalence of Salmonella. A possible
cause, can be the increased length of stay, of the animals, in the transport vehicles with inadequate
hygiene conditions and close contact among animals (Simons et al., 2016). The considerable higher
prevalence value (4.3%) designates the need to increase monitoring and sampling frequency in these

Figure 1: Box Plot – Serotype grouping with distance
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cases (Figure A.2). On the other hand, the prevalence of Salmonella for the samples that weighed
more than 130 kg (weight above the average), concerning the prevalence of Salmonella for all the
samples, was higher by 0.2 units, with an estimated prevalence value of 2.8% (Figure A.3) (Graphs
Appendix A).

2.4. Additional relevant activities and learning opportunities

Besides the specific activities on the risk assessment model for Salmonella spp. in swine carcasses,
the fellow participated in a full range of activities of the research unit, which is indeed a group young
and committed, so the fellow took part in the exciting and numerous activities of the unit:
participations to the master degree workshops and the continuing education training for the public
health and risk assessment. Moreover, the fellow has fully involved in the organisation and
participation in the monthly scientific events of the master degree in Veterinary public health and food
hygiene (Appendix B).

3. Conclusions

The main objective of the project was to determine the prevalence of Salmonella in swine carcasses
from regular and emergency slaughter. This research will clarify the role of slaughterhouses and
procedures as a source of pathogens’ contaminations and focus the attention on the importance of RA
along with the accurate and detailed inspection of the carcasses despite modern trends and revisions
of procedures. For all carcasses sampled, additional accompanying data were collected for processing
and analysis. All information came from the competent audit authority responsible for the operation of
the sampling slaughterhouse. Furthermore, certain parameters were evaluated in terms of their
influence on the prevalence of Salmonella. According to the stochastic model, it is specified that the
prevalence is higher with greater distance, and there is an 8.1% probability the prevalence will exceed
the critical percentage of 6%. In addition, the prevalence of Salmonella shown to increase, as well in
the case of samples from weightier animals, but to a lesser extent. The probability the prevalence will
exceed the critical percentage of 6%, is 0.1%.

Risk assessments are beneficial studies that in fact can help decision-making. Based on the RA
results, FBOs can achieve more targeted resource management. The qualitative model’s outcome can
be utilised for the reassessment of existing priorities in the inspection technics. Moreover, interventions
with great efficacy are made easier to plan and apply throughout the production chain (Pouillot et al.,
2012, Costa et al., 2020).

Figure 2: Locations of the farms (a) Northern Italy and (b) Central Italy – Region of Umbria (Google
Maps). Yellow pins: Farms with samples tested positive for Salmonella
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Table 1: Data of samples tested positive in Salmonella, including the identified serotype, the lot number – slaughter number, the category, the farm
code, Distance farm to slaughterhouse, weight of carcasses, breeder name, the freezer number of the sample when archived

Slaughter
number

Category Farm code
Distance
in km

Weight
in kg

Breeder name Internal reference number

Serotype

Salmonella Give 043177 S 020TR*** 46.6 132.6 B***** 977
043176 S 020TR*** 46.6 121.4 B***** 976

Salmonella Gold Coast 113275 S 039PG*** 25.9 144.4 L***** 979
Salmonella Derby 120278 S 163CN*** 518 86.2 D***** 980

120304 S 027PG*** 21.5 128 B***** 982
120313 S 027PG*** 21.5 137 B***** 983

120302 S 006PG*** 22.3 131.8 U***** 981
190236 S 094VR*** 365 121 S***** 995

190237 S 094VR*** 365 117.8 S***** 996
190238 S 094VR*** 365 129 S***** 997

190239 S 094VR*** 365 139 S***** 998
Salmonella Brandenburg 127259 S 019CN*** 511 138.4 V***** 984

134234 S 019CN*** 511 118.4 V***** 985
Salmonella Typhimurium 148272 S 107CR*** 377 156.2 F***** 988

148273 S 107CR*** 377 163.6 F***** 989
176199 S 006PG*** 22.3 121.4 U***** 994

Salmonella London 351184 S 027VR*** 351 133.8 A***** 1000
351188 S 027VR*** 351 132.8 A***** 1001

351283 S 094VR*** 365 111.8 A***** 1002
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Appendix A – Distribution Graphs @Risk

Figure A.1: (a) Distribution of distance values (farm to slaughterhouse), (b) Distribution of weight
values

Figure A.2: Prevalence of Salmonella in all samples (blue), in comparison with prevalence of
Salmonella for the samples from farms with distance 200 km and greater (red)

Figure A.3: Prevalence of Salmonella in all samples (blue), in comparison with prevalence of
Salmonella for the samples with weight of 130 kg and up (red)
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Appendix B – Side projects and activities throughout the fellowship

Alongside of the main risk assessment project, the fellow had participated actively in all the
ongoing projects of the department:

1) eLearning courses on Quantitative risk analysis models in Excel, with @RISK, Palisade.
2) Participation in the preparation and writing of research papers and ongoing projects of the

department: A review manuscript on E.coli, currently untitled project/A quantitative risk
assessment of Listeria monocytogenes/A study on the application of natural extracts as
alternatives to sodium nitrite in canned meat/Hygienic Characteristics and Detection of
Antibiotic Resistance Genes in Crickets (acheta domesticus) Breed for Flour Production/
Evolution and Antimicrobial Resistance of Enterococci Isolated from Pecorino and Goat
Cheese.

3) Regular visits to a slaughterhouse in Umbria Central Italy, for the observation of animal’s
behavior prior to and after certain animal-welfare interventions.

4) Participation in the experimental part of undergraduate student’s thesis project: Effect of
packaging and storage conditions on some qualitative characteristics of beef meat.

5) Webinars on Programming with Python: Getting started with Python/Python Data Structure
6) Presentation of the Eu-Fora fellowship programme to Erasmus and undergraduate students

of UniPG.
7) Day trip to a meat processing company in Umbria Central Italy, for the supervision of the

production line, processing and packaging of Chianina beef meat.
8) Day trip to an automatic – robotic milk farm in Umbria Central Italy, where cattle moving and

handling techniques were examined on Holstein Friesian cattle, in accordance with animal
welfare principals.

9) Cibo Sovrano. Le guerre alimentari globali al tempo del virus – “Sovereign Food. Global food
wars at the time of the virus” by Maurizio Martina, Vice Director of the Food and Agriculture
Organization (FAO), Round table discussion.

10) EU-FORA Training Courses:

• Induction training of the European Food Risk Assessment Fellowship Programme (EFSA)
(11–29 January 2021).

• Module 1 training of the European Food Risk Assessment Fellowship Programme – Risk
Communication (BfR–EFSA) (22–26 March 2021).

• Module 2 training of the European Food Risk Assessment Fellowship Programme –
Emerging Risks (EFET–EFSA) (7–14 June 2021).

• Module 3 training of the European Food Risk Assessment Fellowship Programme – Data
Collection and Reporting (EFSA) (4–7 October 2021).

• Module 4 training of the European Food Risk Assessment Fellowship Programme – Novel
Foods (AGES–EFSA) (22–26 November 2021).
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Abstract

Campylobacter jejuni is considered as the main pathogen in human food-borne outbreaks worldwide.
Over the past years, several studies have reported antimicrobial resistance (AMR) in C. jejuni strains.
In Europe, the official monitoring of AMR comprises the testing of Campylobacter spp. from food-
producing animals because this microorganism is responsible for human infections and usually
predominant in poultry. Food-producing animals are considered to be a major source of
campylobacteriosis through contamination of food products. Concerns are growing due to the current
classification of C. jejuni by the WHO as a ‘high priority pathogen’ due to the emergence of resistance
to multiple drugs such as those belonging to the fluoroquinolones, macrolides and other classes, which
limits the treatment alternatives. Knowledge about the contributions of different food sources to
gastrointestinal disease is fundamental to prioritise food safety interventions and to establish proper
control strategies. Assessing the genetic diversity among Campylobacter species is essential to the
understanding of their epidemiology and population structure. Using a population genetic approach
and grouping the isolates into sequence types within different clonal complexes, it is possible to
investigate the source of the human cases. The work programme was aimed for the fellow to assess
the AMR of C. jejuni isolated from humans, poultry and birds from wild and urban Italian habitats.
Given the public health concern represented by resistant pathogens in food-producing animals and the
paucity of data about this topic in Italy, the aim was to identify correlations between phenotypic and
genotypic AMR and comparing the origin of the isolates. The work programme allowed the fellow to
acquire knowledge, skills and competencies on the web-based tools used by IZSAM to process the
NGS data and perform bioinformatics analyses for the identification of epidemiological clusters, the
study of AMR patterns in C. jejuni isolates, and the assessment of the human exposure to such AMR
pathogens. Furthermore, the fellow became able to transfer the acquired knowledge through
innovative web-based didactical tools applied to WGS and clustering of specific food-borne pathogens,
with particular reference to C. jejuni. To achieve this objective, 2,734 C. jejuni strains isolated from
domestic and wild animals and humans, during the period 2011–2021 were analysed. The resistance
phenotypes of the isolates were determined using the microdilution method with EUCAST breakpoints,
for the following antibiotics: nalidixic acid, ciprofloxacin, chloramphenicol, erythromycin, gentamicin,
streptomycin, tetracycline. The data were complemented by WGS data for each strain, uploaded in the
Italian information system for the collection and analysis of complete genome sequence of pathogens
isolated from animal, food and environment (GENPAT) developed and maintained at IZSAM;
information like clonal complex and sequence type to understand the phylogenetical distance between
strains according to their origins were also considered. This work underlines that a better knowledge
of the resistance levels of C. jejuni is necessary, and mandatory monitoring of Campylobacter species
in the different animal productions is strongly suggested.
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1. Introduction

Antibiotic-resistant bacteria can spread through many routes. When antimicrobial resistance (AMR)
occurs in zoonotic bacteria present in animals and food it can also compromise the effective treatment
of infectious diseases in humans.

In the field of food safety, policymakers need to protect consumers from risks related to the
food chain and to establish the best control options to reduce such risks. Scientists and risk
assessors are examining the factors which may lead to the presence of antimicrobial-resistant
bacteria in food and animals to provide appropriate scientific advice to decision-makers (Allard
et al., 2012).

1.1. Description of the pathogen

Campylobacter is a Gram-negative, aerobic, microaerophilic, mobile bacterium. It presents
pleomorphic forms, being observed as curved, spiral, comma and coccoid bacilli, the last one is
observed especially in old cultures (Baker, 2009). They can grow at two temperatures: 37°C and
42°C (Best et al., 2005). The taxonomy of this genus has changed dramatically since its discovery,
in 1963, by Sebald and V�eron (Buettner et al., 2010); (Cecilia et al., 2013). Currently, it comprises
25 species, 2 provisional species and 8 subspecies, many of which are of clinical and economic
importance (Cevenini et al., 1985). Campylobacter jejuni is one of the most important species,
which comprises two subspecies: C. jejuni subsp. jejuni and C. jejuni subsp. doylei. The jejuni
subspecies, referred to as C. jejuni, have been recognised as the most isolated bacterium from
humans with gastroenteritis since 1970. In addition, it is involved in other diseases (Diaz-Sanchez
et al., 2013), such as proctitis, septicaemia, meningitis, abortion and autoimmune diseases (Reiter’s
syndrome and Guillain-Barr�e syndrome) (Baker, 2009). In chickens and other species of birds, as
well as in dogs, pigs, sheep and livestock, C. jejuni is considered a commensal organism, making it
one of the most important pathogens present and transmitted by foods of animal origin (Dingle
et al., 2001). Most cases of Campylobacter enteritis do not require treatment, as they are generally
short-lived, self-limited events. However, when symptoms are prolonged or very severe,
antimicrobial therapy is necessary. For these occasions, erythromycin is the antibiotic of choice.
Some Campylobacter species are resistant to penicillin, ampicillin and cephalosporins. The increase
in resistance to fluoroquinolones coincides with their administration in poultry and veterinary
medicine in general. Most strains of C. jejuni are still susceptible to erythromycin, azithromycin,
gentamicin, tetracycline and chloramphenicol. Erythromycin and azithromycin shorten the duration
of illness when given early in gastrointestinal infection (EFSA and ECDC, 2014; EFSA Antimicrobial
Resistance, 2021).

1.2. Situation

Campylobacter is the most common cause of bacterial gastroenteritis in Europe. The incidence of
human campylobacteriosis is increasing worldwide, as well as the number of isolates resistant to
fluoroquinolones which are one of the primary classes of antimicrobials used to treat Campylobacter
infection in human therapy and thus considered of high public concern (Kittl et al., 2013). In 2020,
in the European Union, Campylobacter is still the most commonly reported cause of bacterial food-
borne illness, as it has been since 2005. It represented more than 60% of all the reported cases in
2020 (EFSA and ECDC, 2021). Poultry is a natural reservoir of Campylobacter species, constituting
the most important source of human infection. The consumption of undercooked poultry meat or the
mishandling of raw poultry products is considered to be the main risk factor associated with human
campylobacteriosis (Lucarelli et al., 2016; Manfreda et al., 2016). In Italy, the notification rate was
1.410 reported human cases per 100.000 population (Di Giannatale et al., 2016; EFSA and ECDC,
2021). Human clinical cases are not regularly reported; Therefore, the real incidence of the disease
in man has not been established. However, a pilot surveillance programme for Campylobacter
infection in humans has been recently implemented. The preliminary results confirmed previous
observations (Parkhill et al., 2000; Mughini Gras et al., 2012), namely that the pathogen is
widespread, and that human cases frequently occur, particularly in children (Pendleton et al., 2013).
With regard to animals and animal products, studies carried out in Italy have demonstrated the
presence of Campylobacter in poultry, poultry products and pork meat (Piantieri et al., 1985; Pezzotti
et al., 2003a,b; Piccirillo et al., 2014; EFSA and ECDC, 2021). However, the presence of the
pathogen at a national level needs to be better investigated.
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1.3. EFSA’s Role in AMR

EFSA provides independent scientific support and advice to risk managers on the risks to human
and animal health related to the possible emergence, spread, and transfer of AMR in the food chain
and animals. EFSA takes an integrated approach to its work on antimicrobial resistance involving a
number of its Scientific Panels and Units as it is a concern for the entire food chain. On this topic,
EFSA cooperates closely with other relevant EU agencies such as the European Centre for Disease
Prevention and Control (ECDC) and the European Medicines Agency (EMA) (Allard et al., 2012).

1.4. NGS in Campylobacteriosis

The investigation of the food-borne disease outbreaks related to the origin of the pathogen strains
could be time-consuming in most cases. The available molecular tools, including the ‘gold standard’
pulsed-field gel electrophoresis (PFGE) method, do not always distinguish the outbreak-related strains
from other genetically similar strains unassociated with the same outbreak (S�anchez de la Barquera
and Herrera, 2002; L�evesque et al., 2008; Man, 2011). Thus, next-generation sequencing (NGS) tools
and whole genome sequencing (WGS) in particular, provide a powerful approach for epidemiological
trace-back efforts (On, 2005). The tracking and tracing of living animals and animal-derived food
within the food chain is part of the monitoring process (Harlizius et al., 2004; Sarhangi et al., 2021). In
addition to epidemiological tracing, NGS provides additional data to investigators that can include
identification of specific markers for detection efforts and assessment of unique virulence factors that
may be strain specific.

The lack of a method for distinguishing Campylobacter strains makes it more difficult to trace back
sources in outbreaks. Multiple typing methods have been developed including antibiotic resistance,
phage typing, serotyping and several emerging genetically based methods. Advanced research in the
field of genome-based methods (multilocus sequence typing and microarrays) has allowed the
identification of different clonal groupings of C. jejuni (Troso et al., 1997; Manning et al., 2003; Kittl et al.,
2013a). Also, the development of real-time PCR Taqman allelic discrimination assays permitted the rapid
detection of C. jejuni isolates and preliminary strain identification (V�eron and Chatelain, 1973). However,
the high plasticity of Campylobacter relegates the use of some of the genotyping technology in advance
of more advantageous methods like WGS (Sebald and Veron, 1963; Troso et al., 1997; Young et al., 2007
Stahl and Stintzi, 2011). The development of WGS of C. jejuni offers the opportunity to detect genes and
proteins involved in the pathogenesis of Campylobacter and also genes of unknown function (Zanetti
et al., 1996; Zhang et al., 2009). The understanding of the function of many of these proteins and genes
could lead to the increasing of knowledge of the role of Campylobacter in the colonisation of chicken gut,
the immune response and finally could cause the improvement of current practices and potential
intervention strategies for the control of campylobacteriosis (Zhang et al., 2009).

1.5. Data collection

The development of integrated information systems is a guarantee for farmers and consumers
because these systems allow to turn data into actions. The Italian Ministry of Health appointed the
IZSAM as National Reference Centre for WGS of microbial pathogens: database and bioinformatics
analysis. For this reason, the IZSAM has realised a platform (GENPAT) (Genpat Platform, 2017) for the
collection and storage of genomic sequences of pathogenic microorganisms, to perform bioinformatic
analyses, to archive and to share the results. IZSAM provides the technical infrastructure, developers
team, and service desk needed for the management of data, ensuring the interoperability with other
national information systems in the veterinary field through an online platform. The GENPAT system
provides IT tools and data that are quickly available, usable and helpful in outbreak situations allowing
to link molecular typing and bioinformatics analyses result with time and geographical position of
sampling as well as the others epidemiological information available. In this way, it is possible to
compare the classification results obtained by WGS for two or more distinct isolates and to measure
their relatedness in order to support an epidemiological investigation as experienced in 2015 during a
severe listeriosis outbreak in the Marche region (Duranti et al., 2018).

Access to information allows knowing the health risk to which the livestock and food processing chain is
exposed and how the risks can affect public health, performing real-time assessments to adjust technical
and organisational responses, plan actions and check their effectiveness afterward. The national platform
for the collection and analysis of complete genome sequence together with the veterinary information
systems adopted in Italy during the years fully meets these needs (Cito et al., 2018).
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2. Description of the work programme

2.1. Aims

The work programme allowed the fellow to acquire knowledge, skills and competencies on the
application of NGS methods and bioinformatics analyses for the identification of epidemiological
clusters, the study of AMR patterns in C. jejuni isolates and the assessment of the human exposure to
such AMR pathogens. Furthermore, the fellow became able to transfer the acquired knowledge
through innovative web-based didactical tools applied to WGS and clustering of specific food-borne
pathogens, with particular reference to C. jejuni.

2.2. Activities/Methods

WP1. Acquisition of knowledge and skills to use didactic web-based tools (February–April 2021)
The fellow had the opportunity to acquire new knowledge and skills through theoretical and

practical training on didactic web-based tools. The training was carried out at distance in cooperation
with subject matter experts and trainers working at the ISO 9001:2015 certified International Centre
for Veterinary Training and Information (CIFIV). This learning-by-doing approach allowed the fellow to
apply his knowledge by contributing to the development of technical and scientific content for an
e-learning course devoted to professionals engaged with genomics applied to food safety risk
assessment (e.g. microbiologists, epidemiologists, bioinformaticians, statisticians and veterinarians).
This WP allowed maximising the impact of the fellowship by enhancing cascade training and scalability
of the acquired competencies to other scientific domains.

WP2. NGS technology and production of WGS data (March–May)
NGS has been used for WGS of viral and bacterial pathogens, and it is also applied for

metagenomics and transcriptomic studies of microorganisms. At the genomic laboratory, the fellow
acquired knowledge and practical skills on different NGS technologies, starting from the sample (the
bacterial isolate or different samples for metagenomics analysis).

Different aspects of the WGS workflow were taken into consideration:

– General requirements for a genomic laboratory, use of the laboratory management system, and
specific worksheets.

– DNA extraction for short and long-read sequencing, evaluation of quantity and quality of DNA.
– Sequencing on Illumina and Nanopore NGS platforms, quality metrics of the NGS run.
– Best practices for quality management of the WGS workflow, use of positive and negative
control, genomic library Quality Control.

– Principles of validation of WGS workflow.
– Participation in proficiency tests for microbial WGS.

WP3. Collection, normalisation and organisation of data (June–August)
IZSAM collects and registers a well-defined set of data for each sample tested in its laboratories. In

addition, several samples were collected in the framework of national control plans (all related data are
registered into the National Veterinary Information System) and European and national projects managed
by IZSAM. All these factors allowed IZSAM to retrieve relevant epidemiological data for all tested samples.

The WP3 activity was focused on data related to a selection of Campylobacter isolates obtained
from different sources, at various stages of the chicken meat production chain (farm, slaughterhouse
and retail). A detailed data analysis plan was prepared, including the description of the dataset
retrieved, the type of data quality checks to be performed and the format of the resulting validated
databases, using data from 2,734 C. jejuni strains isolated from domestic and wild animals and
humans, during the period 2011–2021.

WP4. Bioinformatics analysis (July–October)
The fellow was involved in the development of a detailed data analysis plan, including the

description of the bioinformatics pipelines used to analyse WGS data and metadata obtained from the
Campylobacter isolates arriving at IZSAM. The data were analysed to identify ‘epi-clusters’, considering
the outcomes of the molecular typing methods using WGS data, such as in silico MLST, and gene-by-
gene or single nucleotide polymorphisms (SNPs)-based analysis. Moreover, different bioinformatic tools
such as Resfinder, ARIBA, Plasmidfinder and databases like CARD were applied to WGS data aiming to
identify the AMR genes of interest and associated mobile genetic elements within the genome of
Campylobacter isolates.
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WP5 Exposure assessment (November–December)
The results of the analysis performed in WP4 allowed to development of AMR risk assessment

models, considering different exposure pathways. For instance, data concerning the dissemination and
persistence of C. jejuni in the farm’s environment and the production chain were taken into account
together with the presence of AMR determinants and genetic mobile elements in the strain’s genome.

2.3. Secondary activities

The fellow has assisted and completed complementary activities to reinforce the experience
(description in Appendix A).

3. Results and conclusions

3.1. AMR

The proportion of completely susceptible strains was very similar in isolates from humans and
domestic animals (67,63% and 61,55%, respectively), while strains from the wild animal population
found a significantly higher prevalence (95,49%). Most of these strains were collected from
domestic animals (95,01%), largely poultry samples (81,21%), that showed a high level of
resistance to nalidixic acid, ciprofloxacin and tetracycline (67,39%, 67,27% and 55,63%,
respectively). The human isolates reproduced the same patterns reinforcing the direct association
between the increase in the resistance profiles over time with veterinary practices in the control of
pathogens in poultry (Moore et al., 2006; Ruiz-Palacios, 2007). Fluoroquinolones had very high rates
of resistant profiles since 2011 with a stable trend over the last decade. Conversely, erythromycin
showed a slight increase in resistance levels mostly for poultry and swine, while wild animals and
human strains had stable trends. In conclusion, antibiotics released in animal production
environments can interfere with the development of resistance profiles.

3.2. Genetic approach

Within the samples we have identified 11 clonal complexes (CCs) (443-49-179-446-42-206-354-45-
353-828-21), the most prevalent being CC-828, CC-21 and CC-353, with 30,5%, 19,7% and 16,9%
respectively. This CCs were often described in the literature for its global distribution. Despite the high
genetic diversity usually detected within Campylobacter populations, a remarkable similarity among
isolate collections on a national and international scale, even across different continents, can be
documented (Di Giannatale et al., 2016; Cito et al., 2018). CC-21 is a multihost lineage shared among
different sources (De Haan et al., 2010), one of the largest CCs found to date, comprising 26% of all
the isolates submitted to PubMLST, with a total of 152 different STs (https://pubmlst.org/
campylobacter). This CC is frequently associated with cases of human disease and is one of the most
frequently reported CCs in poultry (Dingle et al., 2001; K€arenlampi et al., 2007; Kittl et al., 2013b;
Manfreda et al., 2016; EFSA and ECDC, 2021); however, CC-21 has also been found in cattle (Pezzotti
et al., 2003; EFSA and ECDC, 2021), sheep (Lucarelli et al., 2016), turkey (Lo Schiavo et al., 1991) and
the environment (Dingle et al., 2001). Several studies were performed in Italy and show how common
this CC is not only in chickens but also in strains isolated from turkeys, cattle and bulk tank milk (Lo
Schiavo et al., 1991; Bianchini et al., 2014a,b). The most common CC among chicken C. jejuni isolates
was the CC-21 according to that documented worldwide (Pezzotti et al., 2003b; EFSA and ECDA, 2014;
Lucarelli et al., 2016; Cito et al., 2018; Sarhangi et al., 2021). CC-828 was also described as predominant
and with similar results to CC-21 and shared between chicken and human campylobacteriosis (Pezzotti
et al., 2003a). The predominance of the CC-828 and CC-353 was expected since several studies
demonstrated that these CCs are globally spread in both human and chicken Campylobacter populations
(S�anchez de la Barquera and Herrera, 2002; Pezzotti et al., 2003b; Colles and Maiden, 2012; Lucarelli
et al., 2016; Cito et al., 2018).

The most diverse CCs are related to more prevalent sequence types. This proposes that probably
their diversity is a mirror of their replication frequency and circulation which affects their gene content
and efficiency (On, 2005; Ragimbeau et al., 2008). This data demonstrates the importance of rapid
reporting of gastroenteritis cases to local public health authorities to perform a timely epidemiological
and microbiological investigation. Mandatory notification for Campylobacter would be useful for better
estimation of the disease, as well as identification of the source of infection and proper control
measures to protect public health (Sheppard et al., 2009a,b). The more prevalent CCs we have found
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are concordant to those found worldwide, keeping track of molecular epidemiology provides a
universal picture of the movement of dominant Campylobacter strains.

3.3. Conclusions from the participation in the EU-FORA programme

It was a valuable opportunity for the fellow to obtain experience in AMR risk assessment of a food-
borne pathogen like C. jejuni. This was also an excellent opportunity to consolidate his specialised
knowledge and skills in food safety, particularly in bacterial microbiology, by working according to
European and international guidelines and standards for AMR. The general risk assessment
methodology applied for this specific project is expected to be further extended and applied by the
fellow in future positions, to expand knowledge. Moreover, the EU-FORA programme provided a great
environment to build a strong professional and personal network that will be an open door for future
collaborations and references.
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Appendix A – Secondary Activities

Additional relevant activities and learning opportunities completed by the
fellow:

– ‘Induction training of the European Food Risk Assessment Fellowship Programme’ (EFSA)
(11– 29 January 2021).

– Content Reviewing LEGO Project In the framework of the Erasmus+ Programme Unit 1.
eLearning course for Food Microbial Bioinformatician (1 February–29 March 2021).

– ‘Module 1 training of the European Food Risk Assessment Fellowship Programme’ (EFSA)
(22– 26 March 2021).

– eLearning course for Food Microbial Bioinformatician LEGO Project In the framework of the
Erasmus+ Programme (29 March–31 December 2021) https://www.learngenomics.eu/2021/02/
04/call-for-applications-e-learning course.

– A course in the Italian language (April–July 2021). Provided by CPIA Municipality of Teramo.
– Illumina Practical Training (Provided by Illumina Technical Expert). (31 May–1 June 2021).
– ‘Module 2 training of the European Food Risk Assessment Fellowship Programme’ (EFSA) (7–14

June 2021).
– 4th European Summer School on Nutrigenomics (virtual edition, 21–25 June 2021) https://www.

unicam.it/nutrigenomics/ Food as Medicine: Food and our Genome https://www.futurelearn.
com/courses/fam-genome. Scholarship.

– CampyUK. Liverpool International congress. Abstract Submitted ‘Monitoring Antibiotic Resistance
in Campylobacter jejuni from Italy in the last 10 years (2011–2021)- Conesa, A.; Garofolo, G.;
Janowicz, A.; Di Marcantonio, L.; Di Pasquale, A.; Camma, C. LigthTalk Presentation. (8–10
September 2021).

– Parma Summer School ‘Food Safety Aspects of Integrated Food Systems’-EFSA. (28–30
September 2021).

– ‘Module 3 training of the European Food Risk Assessment Fellowship Programme’ (EFSA) (4–7
October 2021)

– ‘Module 4 training of the European Food Risk Assessment Fellowship Programme’ (EFSA)
(22–26 November)

– Online Course- Introduction to programming for Bioinformatics with Python. October 2021.
Udemy.

– Online Course- Practical Bioinformatics: Play with Genes On Your Screens. October 2021.
Udemy.

– Antimicrobial Resistance- Theory and Methods. 5 weeks course. Authorized by the Technological
University of Denmark (DTU) Trough Coursera. Grade: 90.61%. October–November 2021
https://coursera.org/share/5a1c35b77a615678e17657a88c786cca

– Cohesive Symposium One Health EJP- European Joint Programme Promoting One Health in
Europe through joint actions on foodborne zoonoses, antimicrobial resistance, and emerging
microbiological hazards. 8–10 November 2021. The Netherlands (On remote).

– Short Training Workshop EFSA Partnering Grants GP/EFSA/ENCO/2020/03 GA3- Basic
Bioinformatics Skills Relating to Using Genotypic/Phenotypic techniques for Risk Assessment/
Predictive Microbiology – Online ’virtual’ workshop from 9 to 11 November 2021. Dublin, Ireland
(On remote).

– Giornata di studio del Centro di Referenza Nazionale per Sequenze Genomiche di microrganismi
patogeni: banca dati e analisi di bioinformatica (GENPAT). by IZSAM G. Caporale, Teramo, IT.
30/11/2011. 4.5 Credits.
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Abstract

Food contact materials (FCMs) are materials and articles intended to be placed in direct or indirect
contact with foodstuffs, or which can reasonably be expected to come into contact with food under
normal or foreseeable conditions of use. Substances intentionally used to manufacture FCMs, as well
as non-intentionally added substances resulting from impurities, by-products and/or degradation
products, can migrate from FMCs into food and, consequently, are taken up by humans. To protect
consumers’ health, EU legislation requires that FCMs must be sufficiently inert to prevent substances
from being transferred into the food in quantities that could endanger human health. At the German
Federal Institute for Risk Assessment (BfR), Unit 74 ‘Safety of Food Contact Materials’ deals with the
risk assessment of FCMs and provides recommendations on the use of substances for the production
of FCMs for which no specific European measures exist yet (e.g. silicone, rubber, paper and board).
The BfR ‘Recommendations on Food Contact Materials’ are not legally binding; however, they represent
the current state of the scientific and technical knowledge for the conditions under which these
materials meet the requirements for consumer safety. As part of the EU-FORA programme, the fellow
was involved in the risk assessment tasks and projects undertaken by Unit 74, which include: (i) the
scientific evaluation of analytical and toxicological data from dossiers for adding new substances to the
database ‘BfR Recommendations on Food Contact Materials’; (ii) the hazard assessment of cyclic
volatile methylsiloxanes (cVMS) migrating from silicone FCMs into foodstuff; and (iii) in vitro metabolic
stability study of cyclic methylsiloxanes in the presence of S9 fraction, performed in the BfR
laboratories. Moreover, the EU-FORA fellowship was a great opportunity for the fellow to build a strong
network of food safety experts and to be part of an international community of risk assessment
professionals.
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1. Introduction

Risk analysis is a process consisting of three components: risk assessment, risk management and risk
communication (CAC, 2015). The first component, risk assessment, is the scientific foundation of risk
analysis, intended to estimate the risk to a given target organism, system or (sub)population, including
the identification of attendant uncertainties, following exposure to a particular agent, taking into account
the inherent characteristics of the agent of concern as well as the characteristics of the specific target
system (IPCS, 2004). The risk assessment (RA) process begins with problem formulation and includes
four additional steps: (i) hazard identification; (ii) hazard characterisation; (iii) exposure assessment;
and (iv) risk characterisation (WHO, 2021). To develop the next generation of European food risk
assessors and to build a common culture for RA, the European Food Safety Authority (EFSA) created the
European Food Risk Assessment Fellowship (EU-FORA) Programme. Within the scope of the EU-FORA
programme, the goal of this fellowship is to gain insight into the RA of Food Contact Materials (FCMs), in
order to protect consumers from health risks associated with exposure to migrating chemicals from
FCMs into food. An FCM is any material or article intended to be placed in direct or indirect contact with
foodstuffs, or which can reasonably be expected to come into contact with food under normal or
foreseeable conditions of use. To ensure food safety, FCMs must be sufficiently inert to prevent
substances from being transferred into the food in quantities large enough to endanger human health or
to bring about an unacceptable change in the composition of the food or a deterioration in its
organoleptic properties, as laid down in Article 3 of the European Framework Regulation (EC) No 1935/
2004 on materials and articles intended to come into contact with food (European Commission, 2004).
Despite the enforcement of safety requirements, several food safety crises have been associated with
FCMs. In 2005, Italian authorities withdrew 30 million litres of infant milk from the market due to high
level of 2-isopropylthioxanthone (ITX), a photoinitiator used in UV-inks (Morlock and Schwack, 2006). In
2009, another photoinitiator, 4-methylbenzophenone, was notified by German and Belgian authorities
due to its migration from food packaging into cereal products (EFSA, 2009). Over the last years, several
chemicals used in FCM applications have been demonstrated to pose a health risk if consumers are
exposed to those substances above safety levels. For instance, certain primary aromatic amines (PAAs)
were shown to possess genotoxic and carcinogenic properties. Food contamination with PAAs can
originate from printing azo-dyes, azo-pigments, isocyanate-based adhesives, monomers present in
plastics and printed or recycled paper used for food packaging (Trier et al., 2010; Campanella et al.,
2015; Yavuz et al., 2016). Some substances in the group of phthalates and perfluoroalkyl and
polyfluoroalkyl substances (PFAS), as well as bisphenol A (BPA), have been classified as endocrine-
disrupting chemicals (EDCs), exogenous substances or mixtures that alter functions of the endocrine
system and consequently cause adverse effects in an intact organism, or its progeny, or (sub)
populations (Zoeller et al., 2012). With more than 12,000 intentionally added substances (IAS) that
could be possibly used to make FCMs worldwide (Groh et al., 2021) and the potential formation of non-
intentionally added substances (NIAS), such as impurities, by-products, side reaction products and
degradation products, FCMs can be a significant source of chemical food contamination (Grob et al.,
2006). It does not necessarily imply that food contamination with substances migrating from FCMs leads
to adverse health effects in humans. Nevertheless, the potential health risks resulting from the exposure
to migrating non-evaluated chemicals, or due to improper conditions of use of an evaluated/authorised
substance (e.g. level used, time, temperature, food types) or manufacturing process (e.g. curing), need
to be assessed. At the German Federal Institute for Risk Assessment (Bundesinstitut f€ur Risikobewertung
– BfR), Unit 74 ‘Safety of Food Contact Materials’ has the task to assess the nature and likelihood of
harms resulting from human exposure to chemicals used in FCMs. The chemical/analytical and
toxicological data provided by applicants in course of the inclusion of new substances into the BfR
recommendations on food contact materials or data gathered from the literature and/or authoritative
sources serve as the basis for the FCM risk assessment. Finally, the BfR publishes the results in the form
of statements and publications.

2. Description of the work programme

2.1. Aims

The aim of the work programme was to gain insight into the RA of FCMs performed at the BfR, in
accordance with the EFSA guidelines. In particular, the fellow acquired hands-on experience in the
evaluation of analytical and toxicological (in vitro and in vivo) data for the inclusion of new substances

Risk Assessment of Food Contact Materials II

www.efsa.europa.eu/efsajournal 4 EFSA Journal 2022;20(S1):e200408



into the database ‘BfR Recommendations on Food Contact Materials’ (https://bfr.ble.de/kse/faces/
DBEmpfehlung_en.jsp). He gained relevant knowledge of risk assessment tools, such as the PROAST
software for Benchmark Dose Modelling (BMD), the FoodEx2 database and in silico toxicology tools
(OECD Toolbox, Toxtree). In addition, part of the work programme included practical experience in the
German national reference laboratory for materials in contact with food (NRL-FCM).

2.2. Activities/Methods

In order to achieve the training objectives, the fellow was involved in the ongoing risk assessment
tasks undertaken by the BfR Unit 74, providing his contribution to the risk assessment issues. The
following activities and projects were carried out:

i) Scientific evaluation of two dossiers for the inclusion of new substances in the ‘BfR
Recommendations on Food Contact Materials’. Due to the confidentiality concerning the
dossiers, the data will not be disclosed.

ii) Hazard assessment of cyclic volatile methylsiloxanes (cVMS) that migrate from silicone FCMs
into foodstuff.

iii) In vitro metabolic stability study of cyclic methylsiloxanes using S9 fraction.

2.2.1. Data evaluation in the context of an application of new substances into
the ‘BfR Recommendations on Food Contact Materials’

In the absence of specific European or national regulation for certain material groups, the BfR
provides recommendations for the safe use of substances for the production of FCMs through the publicly
available ‘BfR Recommendations on Food Contact Materials’. The goal of these recommendations is to
ensure that FCMs do not release substances into foods in quantities that could cause a health risk for
consumers. Of the 17 material types of FCMs listed in Annex I of Regulation (EC) No 1935/2004, only
four are currently covered by EU legislation on specific materials: (i) plastic materials and recycled plastic
materials, (ii) active and intelligent materials, (iii) ceramics, (iv) regenerated cellulose film. Consequently,
the BfR deals with those materials that are not subject to any harmonised EU regulation, such as
silicones, natural and synthetic rubbers, papers, cartons and cardboards. It should be noted that BfR
recommendations on plastic materials also exist, but are restricted only to components of catalytic
systems and polymerisation auxiliaries, which are not yet accounted by the respective EU regulation. In
addition, some BfR recommendations deal with a quite narrow scope of application (or intended use) of
these materials (e.g. artificial sausage skins, temperature-resistant coatings for cooking, paper and
paperboard for baking purposes). Even though BfR recommendations are not legally binding, they
represent the current state of the scientific and technical knowledge for the conditions under which not
specifically regulated materials meet the requirements for consumer safety as laid down in the
framework Regulation (EC) No 1935/2004. Consequently, materials and articles that come into contact
with food are often required to be manufactured in accordance with these provisions. Nevertheless,
FCMs shall always be manufactured in compliance with good manufacturing practices stated in
Regulation (EC) No 2023/2006 (European Commission, 2006). In order to include a new substance into
the BfR ‘Recommendations on Food Contact Materials’, an application must be submitted to BfR. The
dossier must follow the guidelines laid down in the EFSA ‘Note for Guidance for the Preparation of an
Application for the Safety Assessment of a Substance to be used in Plastic Food Contact Materials’ (EFSA
CEF Panel, 2008). The manufacturer has to supply information on the identity of the substance, data on
chemistry and technology, conditions of use, migration into food (including the analytical methods used),
data on substance’s residual content in the FCM, antimicrobial properties (if antimicrobial substances are
incorporated into FCMs) and toxicological data. In order to perform a risk assessment for migrating
chemicals, both the toxicological and exposure data need to be combined. Since the generation of
toxicological data is very resource and time consuming, a tiered approach is used for necessary data.
Based on data from migration studies performed into food (simulants), a different amount of
toxicological information must be provided as a minimum requirement. As a general principle, the greater
the exposure through migration, the more toxicological information will be required. In case of:

a) High migration (i.e. > 5 mg/kg food), a full data set is needed, which comprises:

– At least two in vitro genotoxicity tests, in line with the testing strategies of the EFSA
Scientific Committee recommendations on genotoxicity testing strategies applicable to
food and feed safety assessment:
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i) A bacterial reverse mutation test.
ii) An in vitro mammalian cell micronucleus test.

– A 90-day oral toxicity study.
– Studies on absorption, distribution, metabolism and excretion.
– Studies on reproduction and developmental toxicity.
– Studies on long-term toxicity/carcinogenicity.

b) Migration between 0.05 and 5 mg/kg food, the following data are necessary (limited data
set):

– At least two genotoxicity tests as indicated above.
– A 90-day oral toxicity study.
– Data to demonstrate the absence of bioaccumulation in human.

c) In case of low migration (i.e. < 0.05 mg/kg food), only two genotoxicity tests, at least, are
needed.

Once the application is submitted, Unit 74 ‘Safety of Food Contact Materials’ checks the compliance
of the dossier with the requirements and assesses the scientific information with particular regard to
possible consumer exposure. Studies on genotoxicity and, if necessary, on toxic effects after repeated
dose (carcinogenicity, reproductive toxicity, neuro toxicity, immune toxicity and endocrine disruptor
properties) are taken into account, along with findings on absorption, distribution, metabolism and
excretion (ADME). In this context, the fellow worked on the evaluation of genotoxicity and subchronic
toxicity studies of two substances applied for inclusion into the BfR recommendations. Afterwards, the
evaluated dossiers were further discussed in the ‘Toxicology’ and ‘Applications’ subcommittee groups of
the BfR Committee for Consumer Products (BeKo), staffed with external experts, which advise the BfR
on the toxicological evaluation of the applied substances.

2.2.2. Hazard assessment of cyclic volatile methylsiloxanes (cVMS)

Owing to their elasticity, non-sticky surface, heat resistance and affordable price, silicone bakeware
products are widely used in both industrial and consumer applications as alternative to metal or single-
use paper bakeware. Silicone bakeware is often made of silicone elastomers, a rubber-like material
obtained from fluid siloxanes by formation of cross-links between linear polymers during vulcanisation.
However, unreacted cyclic volatile methylsiloxanes (cVMS), used in the starting materials or resulting
from side reactions during the polymerisation process, can still be present in the final product and
potentially migrate into foodstuff (Helling et al., 2012). cVMS (examples, see Table 1 and Figure 1) are
man-made chemicals and consist of [(CH3)2SiO]n units arranged as cyclic structures. The Si–O atoms
are singly bonded to form a ring and generally expressed as Dn, with n = number of Si atoms in the
ring. In a recent opinion, ECHA listed three cVMS, namely octamethylcyclotetrasiloxane (D4),
decamethylcyclo-pentasiloxane (D5) and dodecamethylcyclohexasiloxane (D6), in the ‘Candidate List of
Substances of Very High Concern’ (SVHC list) for authorisation, according to the Article 57 of the
Regulation (EC) No 1907/2006 (REACH Regulation), due to their properties as persistent,
bioaccumulative and toxic (PBT) and very persistent and very bioaccumulative (vPvB). In addition, D4
is classified as toxic to reproduction (cat. 2) according to Regulation (EC) No 1272/2008 (CLP
Regulation). Over the past decades, several scientific publications demonstrated that cVMS could
migrate from silicone FCMs into food and food simulants, raising some concerns on potential adverse
health effects resulting from the oral intake of cVMS (Meuwly et al., 2007; Helling et al., 2009; Fromme
et al., 2019; Liu et al., 2021). In February 2021, a German official food control laboratory tested
various silicone bakeware products for the potential release of D3, D4, D5, D6 and D7 (Table 1) into
food simulants. For some of the tested silicone FCMs, migration into vegetable oil (food simulant D2)
and poly(2,6-diphenyl-p-phenylene oxide (MPPO)) (food simulant E) exceeded 5 mg/kg food
significantly. At the present, a comprehensive risk assessment on cVMS migrating from FCMs into food
(simulants) does not exist yet. Due to the high uncertainties in the human exposure estimation, such
as the occurrence of cVMS during repeated use, and the transferability of the migration data in food
simulants to real food, a preliminary hazard assessment was performed to evaluate the nature of the
potential adverse health effects associated with the oral intake of cVMS. First, a comprehensive
literature review was carried out. Regulatory and authoritative reviews, together with peer-reviewed
key publications, were consulted to identify potential critical endpoints relevant for human health. Once
the critical endpoints were identified, the benchmark dose (BMD) approach was applied to establish a
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point of departure (PoD). The BMD is a dose level, estimated from a fitted dose-response curve,
associated with a specified change in response, the benchmark response (BMR) (EFSA Scientific
Committee, 2017). The tool PROAST was used to calculate the BMD levels and the respective lower
confidence bound (BMDL) and upper confidence bound (BMDU). The BMDL of the selected critical
endpoint was used as PoD. Since the majority of the studies available were based on inhalation exposure
studies, inhalation to oral extrapolation of the BMDL was conducted by applying a default physiological
parameter, according to the ECHA ‘Guidance on information requirements and chemical safety
assessment’ (ECHA, 2012). Differences between oral and inhalation uptake observed in absorption
studies in animals were taken into account. The extrapolated oral BMDL was used to calculate a
temporary tolerable daily intake (tTDI). Due to missing toxicological data, a read-across approach was
applied to include higher molecular weight cyclic methylsiloxanes within the derived tTDI. From the tTDI,
the acceptable migration into food was estimated, assuming a body weight (bw) of 60 kg and food
consumption of 1 kg food/day. Based on the assessment studies performed, a tTDI was established for a
group of cyclic methylsiloxanes, in order to set the basis for future risk assessment.

2.2.3. In vitro metabolic stability study of cyclic methylsiloxanes using S9
fraction

In literature, in vivo metabolism of D4 and D5 was elucidated. According to Franzen et al. (2017)
and Varaprath et al. (1999), the metabolite profiles reported in blood, tissues and excreta of rats
following exposure to D4 suggest that D4 is initially oxidised to a hydroxylated derivative, presumable
by cytochrome P450. The initial metabolite appears to rearrange and further hydrolysis leads to the
formation of short-chain linear siloxanes, which are excreted via urine (Figure 2). The same metabolic
pathway was proposed for the D5 (Dekant and Klaunig, 2016). However, beside D4 and D5, no data
are available for higher molecular weight cyclic methylsiloxanes. The aim of this study was to develop
a working protocol for the investigation of the metabolic stability in vitro of cyclic methylsiloxanes, in
the presence of S9 fraction. The ability of cytochromes P450 (CYPs) enzymes to bind and metabolise
higher molecular weight cyclic methylsiloxanes (e.g. Dn, n ≥ 6) should be investigated, and possible
metabolites should be identified. Due to the lipophilic properties of the cyclic methylsiloxanes (e.g. D4
logPoW = 6.98), several solubility tests were performed, taking into consideration the solvent
compatibility with the S9-mix. The cyclic methylsiloxanes were incubated with S9-mix extracted from
rat liver for 4 h at 37°C. The samples were extracted with a suitable organic solvent at the beginning
of the experiment (t = 0 h) and after incubation at 37°C for 4 h (t = 4 h) in order to investigate if any
decrease in cyclic methylsiloxane or increase in metabolites concentration occurs during the incubation
period. The extracts were analysed by LC-GC coupled online to a triple quadrupole mass spectrometer
for quantification of siloxanes in selected ion mode. All samples were prepared in duplicate, with and
without S9-mix.

Table 1: Name and characteristics of five cyclic volatile methylsiloxanes

Name Abbreviation CASNR Molecular formula Molecular weight

Hexamethylcyclotrisiloxane D3 541-05-9 C6-H18-O3-Si3 222.46

Octamethylcyclotetrasiloxane D4 556-67-2 C8-H24-O4-Si4 296.64
Decamethylcyclopentasiloxane D5 541-02-6 C10-H30-O5-Si5 370.80

Dodecamethylcyclohexasiloxane D6 540-97-6 C12-H36-O6-Si6 444.93

Tetradecamethylcycloheptasiloxane D7 107-50-6 C14-H42-O7-Si7 519.07

5D4D D6 

Figure 1: Chemical structures of D4, D5 and D6
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3. Conclusion

The EU-FORA programme allowed the fellow to gain deeper insight into risk assessment of food
contact materials and to acquire relevant knowledge of different risk assessment tools. At the
Bundesinstitut f€ur Risikobewertung, the fellow worked side-by-side with the experts of Unit 74 ‘Safety
of Food Contact Materials’ on the scientific evaluation of two dossiers for the inclusion of new
substances in the ‘BfR Recommendations on Food Contact Materials’, including the communication with
the applicants concerning the occurring scientific questions. In a separate project, the fellow undertook
the first steps to a risk assessment of cVMS migrating from silicone FCMs into food. Based on
toxicological studies published in the literature or evaluated by other competent authorities, a hazard
assessment for cVMS was performed, leading to a temporary tolerable daily intake value for these
substances. In addition, in course of a laboratory work project in the German national reference
laboratory for food contact materials, the fellow worked on the set-up of a test protocol for the in vitro
metabolism study on cyclic methylsiloxanes. Moreover, beside the scientific knowledge, the EU-FORA
fellowship was a great opportunity for the fellow to build a strong scientific network, to meet
international experts and fellows and to be part of an international community of risk assessment
professionals.

4. Disclaimer

The results of the hazard assessment of cVMS are intended to be published in a peer-reviewed
journal. In order to avoid copyright claims, they were not included in the technical report.
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Abbreviations

ADME absorption, distribution, metabolism and excretion
BeKo BfR Committee for Consumer Products
BfR Bundesintitut F€ur Risikoberwertung
BMD Benchmark Dose Modelling
cVMS Cyclic Volatile Methylsiloxanes
EU-FOR A European Food Risk Assessment Fellowship Programme
FCMs Food Contact Materials
NRL-FCM German National Reference Laboratory for Materials in Contact with Food
PoD Point of Departure
RA Risk Assessment
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Appendix A – Training activities

Event Title Contribution Location Date

Webinar Food Packaging Forum: Addressing
endocrine disrupting chemicals (EDCs)
and mixture

Attendance Online 15.4.2021

Meeting Toxicological subcommittee meeting BfR
unit 74

Oral presentation BfR 20.4.2021

Conference Genetic Toxicology Association (GTA)
Annual Meeting

Attendance Online 3–6.05.2021

Webinar Food Packaging Forum: Responding to
hazardous chemicals in FCMs:
substitution and simplification

Attendance Online 13.5.2021

Conference International Akademie Fresenius Online
Conference “Residues of Food Contact
Materials in Food”

Attendance Online 24–26.6.2021

Summer School BfR-Summer Academy 2021: Lecture
Series

Attendance BfR/Online 16–20.8.2021

Summer School Parma Summer School 2021 Attendance Online 28–30.9.2021
Meeting Toxicological subcommittee meeting BfR

unit 74
Oral presentation BfR 9.11.2021

Webinar Evidence-based Toxicology Collaboration
(EBTC) 10th Anniversary Celebration

Attendance Online 11.11.2021

Webinar Food Packaging Forum: Is current
phthalate regulation fit for purpose?

Attendance Online 19.11.2021

Risk Assessment of Food Contact Materials II

www.efsa.europa.eu/efsajournal 11 EFSA Journal 2022;20(S1):e200408



EU-FORA SERIES 4

APPROVED: 31 January 2022

doi: 10.2903/j.efsa.2022.e200422

Emergent marine toxins risk assessment using molecular
and chemical approaches

Y Garc�ıa-Cazorla and V Vasconcelos

Interdisciplinary Centre of Marine and Environmental Research (CIIMAR), Portugal

Abstract

Cyanobacteria harmful blooms represent a deviation to the normal equilibrium in planktonic communities
involving a rapid and uncontrolled growth. Owing to the capacity to produce toxins as secondary
metabolites, cyanobacteria may cause huge economic losses in the fishing and aquaculture industries and
poisoning incidents to humans due to their accumulation in the food chain. The conditions which promote
toxic blooms have not yet been fully understood, but climate change and anthropogenic intervention are
pointed as significant factors. For the detection of toxins in edible marine organisms, the establishment of
international regulations and compulsory surveillance has been probed as exceptionally effective.
However, not regulation nor monitoring have been settled concerning emergent marine toxins. In the
light of this scenario, it becomes essential to apply fast and reliable surveillance methodologies for the
early detection of cyanobacterial blooms as well as the occurrence of emergent marine toxins. Shotgun
metagenomic sequencing has potential to become a powerful diagnostic tool in the fields of food safety
and One Health surveillance. This culture-independent approach overcomes limitations of traditional
microbiological techniques; it allows a quick and accurate assessment of a complex microbial community,
including quantitative identification and functional characterisation, in a single experiment. In the
framework of the EU-FORA fellowship, with the final goal of evaluate metagenomics as a promising risk
assessment tool, the fellow worked on the development of an innovative workflow through state-of-the-
art molecular and chemical analytical procedures. This work programme aims to evaluate the occurrence
of emergent marine toxins and the producing organisms in Cabo Verde coastal cyanobacteria blooms.
Our results show the outstanding potential of a holistic metagenomic approach for the risk assessment of
emergent marine toxins and the producing organisms. Additionally, we have also highlighted its value for
the identification and evaluation of secondary metabolites as natural bioactive compounds with
biotechnological and industrial interest.
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1. Introduction

Cyanobacteria, also known as blue-green algae, are a diverse group of Gram-negative
photosynthetic prokaryotes with a great ecological importance. They colonise a wide heterogenous
range of ecosystems and are a major component of the phytoplankton (Moreira et al., 2013). Their
ability to produce toxins as secondary metabolites may lead to the development of harmful blooms
causing huge economic losses in the fishing and aquaculture industries and poisoning incidents to
humans due to their accumulation in the food-chain (Anderson et al., 2002). Nevertheless,
cyanobacteria have also attracted an increasing interest owing to the production of a large number of
natural bioactive compounds (e.g. alkaloids, non-ribosomal peptides, polyketides) with promising
biotechnological and biomedical applications (Le~ao et al., 2012).

Harmful algal blooms (HABs) are unpredictable due to their erratic nature. Episodes of human
poisoning caused by HABs have been commonly recorded in the last century mostly because of the
lack of regulated monitoring programs. The establishment of international regulations and compulsory
surveillance led to the detection of these toxins in edible marine organisms and today the cases of
human poisonings in Europe are sporadic, usually because of violated health authorities’ regulations
imposing the closure of harvesting areas and seafood commercialisation (Regulation (EC) No 853/
2004; 854/2004; 15/2011, 786/2013).

However, the situation is different when we refer to emergent marine toxins (e.g. ciguatera fish
poisoning, cyclic imines, pufferfish poisoning, neurotoxic sellfish poisoning), which are not yet
regulated nor monitored regularly in Europe. Climate change combined with human intervention in the
ecosystem aid the migration and establishment of new toxic species typical from warmer waters into
more temperate areas such as the European Union (EU), where they have been already reported
(Otero et al., 2010; Garc�ıa-Altares et al., 2014). This fact highlights the essential need of a European
surveillance plan to monitor and track these emergent toxins and toxin-producing organisms in marine
ecosystems. A systematic compilation of data will provide the input needed to perform knowledge-
based risk assessment which allow the regulatory authorities stablish measures to protect the
consumers and advise the fish production sector.

At this regard, the present work programme aims to develop an innovative holistic approach to
sample and analyse emergent marine toxins and their producing organisms both on marine
ecosystems and food matrixes. With its power to comprehensively detect and analyse entire microbial
communities in a single experiment, metagenomics-based methods stand out in addressing this need
(Josi�c et al., 2017; Campos et al., 2020). This culture-independent methodology has the potential to
overcomes limitations of the classical microbiology techniques which are time-consuming and target
only specific subsets of microbes. Therefore, shotgun metagenomic sequencing and the subsequent
computational analysis of the sequences represent a powerful tool capable of provide an exhaustive
quantitative picture of the genetic and metabolic diversity encoded in these complex samples
(Sharpton, 2014). Additionally, it has the potential to open access to untapped genetic resources for
the screening and identification of genes encoding new toxins and bioactive compounds (Quince et al.,
2017).

Cabo Verde is a diverse group of volcanic islands located in the Tropical Eastern Atlantic, in the
Sahel region of Africa. The environmental characteristics of this archipelago provide niche conditions
for a wide variety of cyanobacteria. Due to the scarce information existing at the date in what
concerns cyanobacteria, their toxins and natural products, these underexplored habitats are an
interesting and promising location for the development of this work programme (Semedo-Aguiar et al.,
2018). Environmental samples have been collected and analysed following an integrated metagenomic
approach which allows to assess the taxonomic biodiversity of the samples and the presence of genes
of interest (including cyanotoxins and secondary metabolites with biotechnological potential). The final
objective was obtaining results that will allow gathering new data on the distribution of emergent
marine toxins in the region, detect new vectors, new toxin producing species and map the current
state of this problem, essential steps all of them for a risk assessment analysis which study the
potential food-chain implications of these cyanobacteria.

2. Description of work programme

The work programme proposed by CIIMAR to the EU-FORA fellow was framing in the context of
the project EMERTOX, funded by EU Horizon 2020 Framework Research Programme. This project
focus on the study of emergent marine toxins and the producing organisms in the North Atlantic and
Mediterranean, with the aim of mapping the actual situation, developing new approaches to assess
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their occurrence and predicting the possible future scenarios based on molecular data (routes of
dispersion) and modelling in the framework of global environmental changes.

Regarding the inexistent legislation on emergent marine toxins and the producing organisms, the
implementation of this project and development of a global surveillance and monitoring system, may
provide insights into the mechanisms of emerging and spread of marine toxins and help identify
hotspots and novel vectors. Thus, food risk assessment and knowledge-based interventions could be
developed to reduce the spread and dispersal of marine toxins throughout the food chain.

With the objective of contributing to the data gathering and innovation of monitoring tools, the
fellow worked on the development of an innovative workflow through state-of-the-art molecular and
chemical analytical procedures.

2.1. Aims

The aims of the work programme were:

i) to broad the proficiency of the fellow with the food and feed safety risk assessment and
surveillance methodologies, including hazard identification, hazard characterisation, exposure
assessment and risk characterisation.

ii) to gain first-hand experience in the execution of qualitative and quantitative risk assessment
and epidemiological surveillance based on molecular and chemical approaches in relation to
emergent marine toxins and the producing organisms.

iii) to develop and validate a novel workflow (including collection, normalisation and analysis of
data) for the identification and characterisation of emergent marine toxins and their
producing organisms in environmental samples based on the potential of next-generation
sequencing (NGS), shotgun metagenomic sequencing and computational analysis for One
Health surveillance and food safety risk assessment.

iv) to contribute to the raise of awareness across Europe regarding emerging marine toxins and
their producing organisms in the food chain.

2.2. Activities and methodology

The activities and methodology described below were in line with the aims of the work programme
proposed by CIIMAR, rooted in the improvement of systematic collection and evaluation of data to
facilitate the food risk assessment of emergent marine toxins and their producing organisms. As study
model, the research project is dedicated to examine the biodiversity, toxicity and biotechnological
potential of cyanobacteria from Cabo Verde islands following a molecular approximation relied on
shotgun metagenomic sequencing and computational bioinformatic analysis.

2.2.1. Sampling, DNA extraction and shotgun metagenomic sequencing

Sampling points were stablished at specific locations in S~ao Vicente and Santo Ant~ao islands (Cabo
Verde archipelago). Two millilitres of samples of cyanobacterial mat growing on sediment were
collected in each sampling point using sterile plastic syringes. Care was taken to target only the mat,
with sediment found embedded in the mat matrix. For preservation, cyanobacterial mat samples were
snap-frozen in tubes containing an aqueous, nontoxic reagent that rapidly permeates tissue to stabilise
and protect molecular integrity (RNAlater, Thermo Fisher Scientific). Upon arrival to the laboratory,
samples were stored at �80�C until processing.

A total of 10 metagenomic samples from Cabo Verde were studied during this work programme.
After checking different approximations and optimisation of the DNA extraction procedure, a spin
column silica-based methodology which requires no phenol or chloroform extraction was selected. DNA
was extracted from 200 mg wet weight of each homogenised sample, using the NZY Plant/Fungi gDNA
Isolation Kit (NZYtech) according to manufacturer’s instructions, including a first step of cell lysis and
RNA removal, followed by a clarification step of the crude lysate and the final genomic DNA (gDNA)
purification.

The extracted gDNA quality was evaluated by agarose gel electrophoresis (1% agarose, 150V,
40min), NanoDrop Spectrophotometer and Qubit Fluorometer (Qubit dsDNA BR Assay Kit, Thermo
Fisher Scientific) to determine DNA integrity, concentration and potential contaminations.

Shotgun sequencing was performed on a DNBseqTM sequencing platform by BGI (Beijing Genomics
Institute). This system is powered by combinatorial Probe-Anchor Synthesis (cPAS), that combines
linear isothermal Rolling-Circle Amplification (RCA) and DNA Nanoball (DNB) technology with stepwise
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sequencing using DNA polymerase on patterned array flow cells, followed by fluorescent high-
resolution digital imaging analysis (Goodwin et al., 2016; Natarajan et al., 2019). After gDNA
fragmentation, library preparation and sequencing, short paired-end reads (150 bp) were generated
with a deep of 5Gb (~ 40 million reads) per sample.

2.2.2. Computational data analysis: bioinformatics and statistics

Quality control

After sequencing, the raw reads were filtered to obtain clean reads. Data filtering includes removing
adaptor sequences, contamination and low-quality reads as follow:

1) Filter adapter: delete the entire read if more than 25% match the adapter sequence.
2) Filter low-quality data: delete the entire read if there are more than 50% bases having a

quality value lower than 20 and if the read is shorter than 150 bp.
3) Remove N: delete the entire read if there are more than 3% N in the read.
4) Filter out duplication.

Adapters were removed with the bioinformatic tool Cutadapt (version 3.5) (Martin, 2011). Reads
were quality trimmed to a minimum quality score threshold of 20 and reads shorter than 150 bp were
removed using Trimmomatic software (version 0.38) (Bolger et al., 2014). The final quality of the
cleaned reads was assessed with the tool optimised for high throughput sequence data FastQC
(version 0.11.9) (Andrews, n.d.).

Assembly-free taxonomic profiling

In order to determine the phylogenetic diversity of the microbial community present in each
sample, the cleaned set of reads obtained after quality trimming were analysed under the pipeline
MetaPhIAN (version 3.0.13) (Beghini et al., 2021). The minimum total nucleotide length for the
markers in a clade for estimating the abundance without considering sub-clade abundance was set in
2000. The minimum mapping quality value (MAPQ) was set in 5 and the mapping was performed
under the ‘very sensitive’ parameter with BowTie2, an ultrafast and memory-efficient tool for aligning
sequencing reads to long reference sequences.

The taxonomically annotated reads allowed as to obtain an accurate estimation of organismal
relative abundance (in terms of cells) at species-level resolution.

Assembly-free profiling of functional potential

With the aim of describing the metabolic potential of the microbial communities present in our
samples, we utilised the tool HUMAnN2 (version 0.11.1) (Abubucker et al., 2012) with default
parameters, a query coverage threshold for nucleotide alignments of 90 and using the UniRef90 cluster
database. Paired-end reads were concatenated prior to their use in this pipeline because HUMAnN
does not support paired end data. Gene families were clustered with the Kyoto Encyclopedia of Genes
and Genomes (KEGG) Orthology database into functional orthologs.

We obtained the functional profiling and the abundance of genes and microbial pathways from our
shotgun metagenomic sequencing data.

De novo assembly

To improve the detection of toxins and secondary metabolites in our samples, the high-quality
cleaned paired-end reads from each sample were undependably assembled de novo into contigs,
following by scaffolding of these generated contigs, applying the pipeline metaSPAdes (version 3.15.3)
(Nurk et al., 2017) with K-mer sizes of 33, 55, 77, 99 and 127. After assembly, only scaffolds exceeding
1 kb in length were retained for downstream analysis in order to avoid binning errors and ambiguous
gene annotation from shorter contigs.

The assembled contiguous genome fragments were clustered into different linages (bins) using
depth-of-coverage, nucleotide composition, and marker genes with the pipeline MaxBin2 (version
2.2.4) (Wu et al., 2016). The resulting draft Metagenome Assembled Genomes (MAGs) were quality-
checked using QUAST (version 4.4) (Gurevich et al., 2013) to generate and verify assembly statistics,
compare results from different workflows and preclude the inclusion of misassembles from our
analysis.
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MAGs taxonomic profiling and search for genes of interest

Taxonomic assignment to each draft MAG was done using GTDB-tk (version 1.7.0) (Chaumeil et al.,
2020) and annotated using RASTtk (version 1.073) (Aziz et al., 2008; Overbeek et al., 2014; Brettin et
al., 2015).

MAGs were additionally explored for the identification, annotation and analysis of secondary
metabolite biosynthetic gene clusters (BGCs) using the antiSMASH web server pipeline (version 6.0.1)
(Blin et al., 2021) under strict setting. To determine the genetic novelty of the BGCs identified, we
performed homology searches against the NCBInt database using NCBI BLAST+.

3. Conclusions

3.1. Conclusions of the research study

Shotgun metagenomic sequencing has been scrutinised as a promising technology for food risk
assessment and One Health surveillance. This methodology allows to explore and link the phylogenetic
and metabolic complexity encoded in uncultured microbial communities from environmental,
agricultural and clinical settings. While there are still technical limitations and challenges that need to
be solved, such as the detection of low abundance microorganisms, metagenomics has the potential to
address with precision manifold issues concerning the global food supply chain, including pathogen
detection, monitoring of toxins and antimicrobial resistance determinants, detection of fraudulent
products and quality control. Considering the active development and evolution of this field, together
with the rapid establishment of WGS in the food and feed safety risk assessment during the recent few
years, we envisage a near future where omics-based tools will become an indispensable part of the
food safety surveillance and risk assessment.

Applying this state-of-the-art sequencing technology and computational bioinformatic analysis, we
successfully determined the taxonomic biodiversity in our samples, the presence of genes of interest
and explore the production of toxins and secondary metabolites with biotechnological potential. Our
samples from Cabo Verde Islands exhibited a broad compositional biodiversity and interesting
production of novel BGCs. Altogether, this study evidences the potential for the discovery of novel
bioactive compounds with forthcoming biotechnological and biomedical implementations, but it also
highlights the plausible risks of the appearance of HABs and new emergent marine toxins in the Cabo
Verde coastal marine areas. Taking into account the food chain implications of these HABs and the
toxins produced, our results will grant the evaluation of occurrence, toxicity and exposure to HABs
toxins in order to accomplish an evidence-based risk assessment covering the food and feed chains.

3.2. Conclusions of the EU-FORA Fellowship experience

The fellow was hosted by the Blue Biotechnology and Ecotoxicology team at CIIMAR. Her
integration on such a multidisciplinary research group has provided her a unique opportunity to
interact and create synergies with scientific experts in the fields of Global Changes and Ecosystems
Services, Marine Biotechnology and Biology, Aquaculture and Seafood Quality.

The proposed work programme was an excellent fit with the experience and expectations of the
fellow. It has been an opportunity to consolidate and broaden her knowledge on microbiological and
chemical risk assessment from a One Health perspective, enabling her to gain valuable first-hand
experience on shotgun metagenomics analysis, bioinformatic tools and in silico evaluation at all stages
of the food safety assessment.

Throughout the year, the fellow had the opportunity to participate in diverse scientific discussions
and seminars. Additionally, she attended several complementary trainings to acquire further skills
needed for the accurate performance of the research project: Foundations of One Health (University of
Calgary), Introduction to Bioinformatics (University of Calgary) and Metagenomics applied to
surveillance of pathogens and antimicrobial resistance (Technical University of Denmark).

The preliminary results of this project have been presented with a format of oral communication
during the 19th International Conference on Harmful Algae (ICHA) in Mexico. A full description of the
tools, methodology and results will be reported in a manuscript currently under preparation.

The work programme together with these supplementary activities, and the high-level set of
trainings provided by the EU-FORA programme (covering in detail all the different areas of food safety
risk assessment, risk management, risk and crisis communication), have expanded the fellow expertise
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selecting and applying risk assessment methodologies, collecting and analysing relevant data, using
computer models in risk assessment, and providing effective risk and crisis communication.

In short, both the fellow and the supervisor value positively the capacity building opportunity bring
by the fellowship programme. We agree that EU-FORA provides an exceptional framework for the
building of scientific networks. It is a win-win scenario for the development of cooperation, exchange
of high-level knowledge and professional experiences with the final goal of achieve a major
harmonisation of risk assessment methodologies and practices in the farm-to-folk chain across Europe.

4. Disclaimer

The results obtained during the research study are intended to be published in scientific peer
review journals. In order to avoid copyright claims, they have not been included in the present
technical report.
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Abstract

As the world population rapidly grows, there is a clear need for alternative food sources, particularly
for the provision of protein. Seaweed is one such alternative source of protein that requires greater
investigation. In this context, a working programme within the European Food Risk Assessment (EU-
FORA) Fellowship Programme framework was developed at National Food Institute – Technical
University of Denmark. This Programme is an initiative of the EFSA with the aim to build a European
risk assessment community. The purpose of this technical report is to describe the activities in which
the fellow was involved. As part of the Research Group for Risk–Benefit, the fellow performed a risk–
benefit assessment of seaweed Palmaria palmata gaining an in-depth expertise in all the steps. The
health impact of Palmaria palmata consumption was estimated, considering its high nutritional value
but also highlighting concerns towards some components. Simultaneous to the work on the risk–
benefit, the fellow also worked within the Research Group for Food Allergy, specifically on the
allergenicity risk assessment of a plant-based novel protein (seaweed protein) using different
laboratory assays. Seaweed protein digestibility was assessed, and its digestion products were
characterised and assessed for immunogenicity. Finally, the fellow collaborated with the Research
Group for Microbial Biotechnology and Biorefining in the development of a novel food (alfalfa protein)
application dossier to be submitted to EFSA, gaining expertise in the risk assessment of a novel food.
In conclusion, the present working programme, together with additional activities and training
provided by different institutions, enabled the fellow to gain a broader perspective in food safety,
particularly concerning seaweed, novel foods and the safety assessment of novel proteins.
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1. Introduction

European Food Risk Assessment (EU-FORA) Fellowship Programme is an initiative of European Food
Safety Authority (EFSA) with the aim to build European risk assessment capacity and knowledge
community. This technical report describes the activities of the programme conducted at National Food
Institute – Technical University of Denmark, as follows: (i) Risk–benefit assessment (RBA) of seaweed,
(ii) allergenicity risk assessment of a plant-based novel protein (seaweed) and (iii) risk assessment of
novel food (alfalfa protein).

1.1. Seaweed

The world’s population is continuously growing and there are studies concluding that total food
production should be increased by at least 60% to feed a world of more than 9 billion people by
2050.1 One of the challenges will be rising food production to meet the protein demand, showing the
clear need to find alternative protein sources and to develop means of production that have less
negative environmental impacts (European Commission, 2021). Seaweed is considered an alternative
source of protein (Leandro et al., 2020).

Seaweed has a high nutritional value due to its content of several dietary components (Leandro
et al., 2020) and has been found to be a source of potential bioactive compounds (Holdt and Kraan,
2011). Seaweed is characterised by a high level of protein (up to 47% of dry weight in red species)
(Mouritsen et al., 2013), low fat content (0.3–3.8% dry weight) and relatively high concentration of
omega-3, omega-6 fatty acids and dietary fibre (Leandro et al., 2020). Seaweed is a source of
minerals and vitamins (Leandro et al., 2020), particularly iodine, which is present in significant high
concentrations in some species (Roleda et al., 2018) and could be of health concern. Furthermore,
seaweeds could also be a source of potential harmful contaminants such as cadmium, mercury,
inorganic arsenic and lead, due to their cell wall structure conferring them high absorption properties
(Banach et al., 2020). Seaweed allergenicity has not been widely studied, but there are some reports
in literature describing allergic reactions to it (Thomas et al., 2019). This toxicological profile has raised
concern from several food authorities regarding the exposure to excessive levels of these contaminants
upon seaweed consumption (ANSES, 2018; Duinker et al., 2020). EFSA identified seaweed as a
potential emerging risk (EFSA, 2017). Therefore, it is a food which requires further investigation.

1.2. Risk–benefit assessment

A risk–benefit assessment (RBA) is an evaluation of combined adverse and beneficial health effects
associated with food in order to inform food safety and public health strategies (Verhagen et al.,
2012). It is necessary to perform a RBA for seaweed in order to evaluate its health impact, considering
its high nutritional value but also the concerns regarding some of its components. A risk–benefit
balance for different intake levels of red seaweed Palmaria palmata (L.) Weber & Mohr had not been
assessed previously, and therefore, it was included in this project under the EU-FORA Fellowship
Programme.

1.3. Allergenicity risk assessment of novel proteins

Food allergy is considered as an adverse immune response to food (Bøgh and Madsen, 2016).
Immunoglobulin E (IgE)-mediated immune reaction (type I), the most common one in food allergy,
consists of two phases: (i) sensitisation, whereby the immune system develops hyper-reactivity to the
allergen upon exposure without symptoms, (ii) elicitation, clinical manifestations of immune response
occur after re-exposure to the allergen, which can be gastrointestinal, respiratory or on skin
(Fernandez et al., 2013).

Taking into account that seaweed is considered an alternative source of protein, and there is little
information on the potential allergenicity of seaweed protein, it was considered relevant to include a
project investigating the allergenicity of seaweed protein within the EU-FORA Programme.

1.4. Risk assessment of novel foods

Novel foods are defined as foods that had not been consumed to a significant degree by humans in
the European Union before 15 May 1997. Their safety for consumers has to be assessed in terms of
nutritional composition, microbiology, toxicology and allergenicity (EFSA NDA Panel, 2021). In the

1 https://www.fao.org/news/story/en/item/35571/icode/
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specific case of alfalfa, it is widely consumed as food, but not as isolated alfalfa protein. Therefore, an
application will be submitted to EFSA in order to evaluate its safety for consumers as novel food. The
fellow collaborated on the development of this dossier as part of the EU-FORA Programme.

2. Description of work programme

2.1. Aims

The aims of the work programme for the fellow were the following ones:

1) Gaining expertise in performing RBA of food. This includes working on a specific RBA case on
seaweed as part of the Risk–Benefit Group.

2) Gaining expertise in allergenicity risk assessment of a plant-based novel protein (seaweed)
within the Research Group for Food Allergy Group. Introduction to novel proteins
allergenicity risk assessment and experimental work were included.

3) Learning about risk assessment of novel foods (alfalfa protein) in collaboration with the
Research Group for Microbial Biotechnology and Biorefining, including thorough examination
of all aspects of a novel food risk assessment.

The activities described in Section 2.2 are aligned with the aims of the programme.

2.2. Activities/Methods

The fellow’s main project was to perform the RBA of seaweed, gaining experience in searching
scientific databases, performing systematic data extraction from scientific publications and its
evaluation, generation of data using dose–response modelling, discussion of results and their
presentation and drafting the final output with results and conclusions in an harmonised format. The
fellow collaborated with the Research Group for Food Allergy for a period, gaining practical experience
in allergenicity assessment techniques. Finally, the fellow collaborated in the development of a novel
food application, gaining experience in data extraction and collation and resolving practical issues in
the preparation of an application.

2.2.1. Risk–Benefit Assessment of seaweed

Initially, the fellow conducted a literature search including risk–benefit methodology together with
previously performed risk–benefit cases in order to understand different steps of the assessment.
Following this, the fellow was involved in the development of a specific risk–benefit assessment case
on Palmaria palmata in collaboration with other members of the Research Group for Risk–Benefit. The
overall RBA was based on five stages (Figure 1).

Figure 1: Risk–benefit assessment paradigm. Adapted from EFSA Scientific Committee (2010)
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First, the risk–benefit objective was formulated: to quantify the overall health impact in terms of
Disability-Adjusted Life-Years (DALYs) of the consumption of seaweed Palmaria palmata in the adult
Danish population. In order to identify its nutrients and contaminants and their concentration levels, a
literature search was performed. The identification of potential health effects was based on
assessments from international expert reports, including publications from the Food and Agriculture
Organisation (FAO), World Health Organisation (WHO), regulatory agencies (EFSA; French Agency for
Food, Environmental and Occupational Health and Safety (ANSES); Food Safety Authority of Ireland
(FSAI)), Rapid Alert System for Food and Feed (RASFF) and scientific papers. For hazards and benefits
characterisation, a literature search was also carried out to identify systematic reviews for
epidemiological studies, including meta-analyses, in order to develop dose–response models. These
literature searches were performed in PubMed, ScienceDirect and Web of Science including articles up
to September 2021. Palmaria palmata nutrients and chemical contaminants and their health effects are
summarised in Appendix A.

Three consumption scenarios were investigated, each one compared to zero intake of seaweed
(reference scenario). Concentration data of different components were collected from the literature
and internal databases, including seaweed samples from different European countries, years and
seasons and the Danish food monitoring programme. An average value was calculated for each
component taking into consideration the wide variation in their levels.

Mean daily exposure to nutrients and chemical contaminants in each scenario was calculated
considering mean daily intake of Palmaria palmata and mean concentration of each component in
Palmaria palmata. For contaminants, it was expressed in terms of µg per unit body weight (70 kg as
default), whereas for nutrients, it was expressed in absolute terms. Background dietary exposure was
also taken into consideration when dose–response models applied were not considered linear. Data
were taken from the Danish National Survey of Diet and Physical Activity 2011–2013 and National
Food Institute. Population statistics used in the models were obtained from Statistics Denmark.

The calculated daily exposure to nutrients and contaminants was combined with dose–response
models to estimate the size of a given health effect associated with Palmaria palmata consumption in
the three scenarios. The health effects were expressed and integrated in the composite health metric
DALYs. DALY allows for the comparison of different health effects as it integrates the morbidity and
mortality of a health effect in a single number, and one DALY is equal to one healthy life year lost
(Devleesschauwer et al., 2014). Depending on the availability of data, ‘Top-down’ or ‘Bottom-up’
approaches were applied to estimate incidence and DALY of the different health effects (Gibb et al.,
2015) (Appendix A). The last step was the integration of risks and benefits expressed in DALYs for
each scenario and the comparison between different scenarios, through the calculation of the
difference between alternative and reference scenarios (in ΔDALYs). ΔDALY > 0 implied a health loss
due to Palmaria palmata intake, whereas ΔDALY < 0 meant a health gain. All modelling and
calculations were performed using Microsoft Excel.

A manuscript, currently under preparation, includes a comprehensive description of the risk–benefit
assessment, details on the risk and benefit characterisation and dose–response models, calculations
and results of the assessment. It is expected to be submitted for publication in a peer-reviewed
journal.

To be able to carry out this project, the fellow had regular meetings and discussions with the
supervisor as well as other members of the group experienced in risk–benefit. The fellow also
scheduled meetings with different groups of the Division of Risk Assessment and Nutrition at National
Food Institute in order to gather and discuss data such as seaweed composition, consumption, health
effects, etc.

2.2.2. Allergenicity risk assessment of seaweed protein

Initially, the fellow performed a literature review including novel protein allergenicity risk
assessment in order to understand the approach to be followed. There are no validated methods to
assess novel protein allergenicity at present. In vitro digestibility tests can provide information on the
susceptibility of a protein to digestion, which can simulate its digestibility in the human gastrointestinal
system and subsequent presentation to the host’s immune system (Foster et al., 2013). Historically,
pepsin resistance test has been considered an assay for allergenic potential assessment within a
weight-of-evidence approach (Astwood et al., 1996; Codex Alimentarius Commission, 2009; EFSA GMO
Panel, 2017). However, the predictability value of this test has been controversial because there is
evidence showing that digestion may cancel, reduce, increase or not induce an effect on the
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allergenicity of food allergens (Bøgh and Madsen, 2016). The main limitation of the pepsin resistance
test is the difficulty to mimic human gastric digestion physiological conditions. Therefore, EFSA
recommends using in vitro digestibility methods where human digestion process conditions can be
simulated (gastric and intestinal digestion) (EFSA GMO Panel, 2017). Nevertheless, the classical pepsin
resistance test provides information on stability of proteins including biochemical and physico-chemical
properties contributing to the overall safety assessment of the novel protein (EFSA GMO Panel, 2021).

These limitations highlight the necessity of immunological tests (enzyme-linked immunosorbent
assay (ELISA), immunoblots) in order to assess allergenic potential of food allergens and their digested
products (Bøgh and Madsen, 2016). In order to be considered a complete allergen (in type I food
allergy), a protein has to fulfil these properties: IgE-binding ability, allergic reaction elicitation and de
novo sensitisation capacity, although not all allergens are complete allergens (Aalberse, 2000). This
means the allergenic potential of digested products needs to be assessed on those levels in order to
evaluate the effect of digestion on allergenicity (Verhoeckx et al., 2019).

In this context, the fellow carried out a ‘hands-on’ project on allergenicity assessment of plant-
based protein from different red and brown seaweed species. Previously, the fellow performed the
Chemical Risk Assessment relevant to the assays to be carried out. This project required writing of
protocols for each assay, assay optimisation and presenting the results in the Research Group for Food
Allergy meetings.

With the purpose to assess resistance to enzymes as a parameter in allergenicity assessment of
novel proteins, the fellow performed in vitro digestibility tests with red and brown seaweed simulating
gastrointestinal conditions. The protein profiles of intact protein and digestion products were
characterised using electrophoretic techniques, which allowed them to separate peptides according to
their size. Afterwards, immunoblots were carried out in order to assess the immunoreactivity of
seaweed protein and its digestion products, and ELISA to evaluate the levels of animal antibodies
reactive to these proteins (Figure 2). Results showed differences in protein digestibility of different
seaweed species. Limited methods and results are presented in this report in order not to compromise
the future scientific publication under preparation.

2.2.3. Novel food application

The fellow collaborated with the Research Group for Microbial Biotechnology and Biorefining in the
development of a plant-based novel food (alfalfa protein) application to be submitted to EFSA. Initial
literature searches were performed including ‘EFSA Guidance on the preparation and submission of an
application for authorisation of a novel food in the context of Regulation (EU) 2015/2283’ (EFSA NDA
Panel, 2021) and scientific outputs (Ververis et al., 2020). After gathering all data requirements for the
submission of novel food applications, several meetings took place where the fellow provided support
and assistance guiding the responsible members of the project through the data requirements.
Different practical aspects and the approach to be taken were also addressed. This task also included
the exchange of knowledge with the supervisor, the professor and the PhD student in charge of the
project.

Figure 2: Stepwise approach followed in seaweed protein allergenicity assessment: seaweed protein
in vitro digestion, protein characterisation throughout electrophoretic techniques and
immunochemical techniques (ELISA and immunoblot). Pictures obtained from BioRender
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2.2.4. Additional activities

During the EU-FORA fellowship, the fellow had the opportunity to take part in the following
activities:

• Preparation of a manuscript including results from the RBA of seaweed and collaboration in
the drafting of a manuscript on allergenicity risk assessment of seaweed.

• Scientific division seminars: lectures including a wide range of projects within the area of food
research.

• Weekly group meetings: discussion of ongoing projects and presentation of results.
• EUROTOX Virtual Congress 2021.
• 9th BfR-Summer Academy 2021: online training course on risk assessment and risk

communication in the area of food safety provided by The German Federal Institute for Risk
Assessment.

• WHO webinar: Burden of foodborne diseases: how can we estimate it and why do we need it?
• ‘Bridging European Science III’ event in Copenhagen: international forum for scientific

interactions between universities, companies and the public sector in the Nordic countries and
Spain.

• National Food Institute - Technical University of Denmark Conference: digitalisation.

3. Conclusions

The work programme carried out at National Food Institute – Technical University of Denmark
provided the fellow with expertise in RBA, novel foods and allergenicity risk assessment of novel
proteins. Through participation in the research group for risk–benefit, the fellow gained broad ‘hands-
on’ experience in performing a RBA and obtained deep knowledge through collaboration with
colleagues experienced in different areas. Through collaboration with the research group for food
allergy, the fellow was challenged to learn laboratory assays in the area of novel protein allergenicity
assessment and to apply them in the assessment of specific seaweed protein samples. The outputs of
the risk–benefit assessment and allergenicity assessment will be published in relevant peer-reviewed
journals. At the same time, the fellow worked on the development of a novel food application. During
this work, the fellow expanded the knowledge in plant-based novel foods and proteins, and got a
thorough insight of the requirements for their risk assessment.

In addition to these projects and activities developed at the hosting site, the trainings provided by
the different institutions throughout the programme were of great value in the learning process of the
fellow. Therefore, EU-FORA programme was an excellent opportunity to promote knowledge exchange
and future collaboration opportunities. The National Food Institute – Technical University of Denmark
made it possible for the fellow to gain a broader perspective and contribute to food safety assessment,
in a multicultural and pleasant atmosphere.
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Appendix A – Risk-Benefit assessment of seaweed

A.1. Components and health effects associated

A.2. Disability-adjusted life years (DALY) calculation

A.2.1. ‘Bottom-up’ approach

It was applied when estimates of current incident cases or DALY of a given health effect
irrespective of risk factors were not available. Incidence of disease was estimated due to the exposure
using dose–response models (Nauta et al., 2018). The disease burden of each health effect was
quantified in DALYs, composed of years lived with disability (YLDs) and years of life lost due to
premature mortality (YLLs). YLDs are calculated as follows:

YLDd,s,a ¼ ACd,s,a � Dd � DWd,

where ACd,s,a is the annual number of incident cases for health outcome d for sex s and age a, Dd is
the duration of health outcome d and DWd is the disability weight for health outcome d. The disability
weight can be interpreted as a measure of good health, ranging from zero (perfect health) to one
(death) (Devleesschauwer et al., 2014). YLLs are calculated as follows:

YLLd,s,a ¼ ADd,s,a � SEYLLs,a,

where ADd,s,a is the annual number of deaths due to the health outcome d for sex s and age a, and
SEYLLs,a is the standard expected years of life lost for a death for sex s and at age a (Thomsen et al.,
2018) (WHO, 2020). DALYs were calculated as the sum of YLD and YLL:

DALYd ¼ ∑
s
∑
a
ðYLDd,s,a þ YLLd,s,aÞ:

A.2.2. ‘Top-down’ approach

It combines epidemiological and incidence data and estimates the number of attributable cases of a
certain health outcome due to exposure to Palmaria palmata (Nauta et al., 2018). It was applied when
disease or DALY envelopes were available.

Dose–response models already available in literature were applied with modifications. When relative
risk (RR) estimates were available in literature, dose–response functions were derived following these
equations (Barendregt and Veerman, 2010):

Table A.1: Palmaria palmata nutrients and chemical contaminants of interest included in the RBA

Component Health effect Reference

Lead ↑ Intellectual disability (lowered IQ) EFSA CONTAM Panel (2010)

Cadmium ↑ Chronic kidney disease EFSA CONTAM Panel (2009a,b)
Methylmercury ↑ Intellectual disability (lowered IQ) EFSA CONTAM Panel (2012)

Inorganic arsenic ↑ Lung, bladder and skin cancer EFSA CONTAM Panel (2009a,b)
Iodine ↑ Intellectual disability (lowered IQ) EFSA NDA Panel (2014)

↑/↓ Goiter Yu et al. (2008)
↑/↓ Thyroid cancer Franceschi et al. (1999)

Kainic acid ↑ Neurotoxicity Jørgensen and Olesen (2018)
Docosahexaenoic acid, (DHA),
Eicosapentaenoic acid (EPA)

↓ Fatal coronary heart disease Mozzafarian and Rimm (2006)

Dietary fibre ↓ Fatal coronary heart disease Reynolds et al. (2019)
↓ Type 2 diabetes mellitus

↓ Colorectal cancer

↑: increased effect (adverse effect of the component and associated health outcome); ↓: decreased effect (beneficial effect of
the component and associated health outcome); IQ: intelligence quotient.
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β ¼ lnðRRliteratureÞ=dose
RR ¼ expðβ� exposureÞ,

where RRliterature is the relative risk for each health outcome obtained from literature, RR is the relative
risk for each scenario and exposure is the intake of each component in each scenario.

In order to calculate the change in DALYs for each scenario, population impact fraction (PIF) was
used to estimate the proportion of health outcome cases that could be prevented by the change of the
exposure to different components of Palmaria palmata from the reference to alternative scenarios
(Murray et al., 2003). RR shift methodology was applied, assuming the changes in the RR of scenarios
describe the change in exposure (Barendregt and Veerman, 2010), according to the following
equation:

PIFd ¼ ðRRd,ref � RRd,altÞ=RRd,ref,

where RRd,ref is the relative risk of reference scenario for health outcome d and RRd,alt is relative risk
of alternative scenario for health outcome d.

The health effect in DALY for each component and health outcome was calculated using the
following formula:

DALY ¼ PIFd � DALYGBD,

where PIFd is the population impact fraction for health outcome d and DALYGBD is DALY value obtained
from GBD Results tool.
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Abstract

Parasitic nematodes of the genus Anisakis are the causative agent of anisakiosis, an important fish-
borne zoonosis. Humans are infected through consumption of raw or undercooked fish, contaminated
with the parasite. Infection can result in both gastrointestinal and allergic symptoms. There are few
reports of anisakiosis in Portugal, but evidence of Anisakis allergy exists, indicating that exposure is
occurring in the population. The European Food Risk Assessment Fellowship Programme (EU-FORA)
work programme, entitled: ‘Food safety of fish and zoonoses: fish consumption and microbiological risk
assessment and perception, from fisherman to final consumers in Portugal’ was hosted by the
Interdisciplinary Centre of Marine and Environmental Research (CIIMAR), in Porto, Portugal. It aimed
to gather information on risk perception and attitudes in the Portuguese population to contamination
of fish with Anisakis spp. and on their knowledge of methods to prevent infection. In addition, it aimed
to examine the risk of anisakiosis in the Portuguese population.
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1. Introduction

1.1. European Food Risk Assessment Fellowship Programme (EU-FORA)

The European Food Risk Assessment Fellowship Programme (EU-FORA) is an initiative of the
European Food Safety Authority (EFSA). It aims to build the European Union’s (EU) scientific
assessment capacity and knowledge community, in line with the key objectives outlined in EFSA’s
strategy 2020. It provides scientists working in food safety organisations across Europe with the
opportunity to increase their knowledge and gain experience in food risk assessment, taking a ‘learning
by doing’ approach to training. (Bronzwaer et al., 2016). The fellow was hosted by the Interdisciplinary
Centre of Marine and Environmental Research (CIIMAR), in Porto, Portugal. The work programme was
entitled: Food safety of fish and zoonoses: fish consumption and microbiological risk assessment and
perception, from fisherman to final consumers in Portugal. The programme included a 3-week
induction training course and four 1-week modules, each focused on different aspects of risk
assessment and risk communication. These modules would usually be held in different food safety
institutes across the EU; however due to the Covid-19 pandemic, they were conducted on an online
platform.

1.2. Background to Risk Assessment

Each year, almost one in 10 people fall ill from eating contaminated food. The World Health
Organization has estimated that food-borne disease resulted in 420,000 deaths in 2010, with a global
burden of 33 million Disability Adjusted Life Years (DALYs) (WHO, 2015). Food-borne zoonoses from
fish and shellfish products are of significant public health concern, with high numbers of people at risk
worldwide in both developed and developing countries (Lima dos Santos and Howgate, 2011).
Anisakiosis is a fish-borne parasitic zoonosis caused by nematodes of the genus Anisakis, Dujardin
1845. These parasites have an indirect life cycle, using marine mammals, usually cetaceans as their
definitive host. Invertebrates such as fish or squid are intermediate or paratenic hosts and crustaceans
act as first intermediate hosts (Klimpel et al., 2004; EFSA BIOHAZ Panel, 2010; Smith and Wootten,
1978). Humans are infected with Anisakis spp. through consumption of the third-stage larval (L3) form
of the parasite in raw, smoked, marinated, salted or undercooked fish or squid (Audicana et al., 2002;
Caldeira et al., 2021). They are accidental hosts for the parasite, so it does not mature, but on
reaching the gastrointestinal tract, the larvae can cause disease (anisakiosis) (Mattiucci et al., 2018).

Van Thiel first described gastric anisakiosis in the 1960s (Van Thiel, 1962; Van Thiel and Van
Houten, 1966; Buchmann and Mehrdana, 2016), the symptoms include nausea, vomiting and
abdominal pain, and are caused by the larvae penetrating the gastrointestinal tract tissues (Caramello
et al., 2003; Buchmann and Mehrdana, 2016). Patients can experience both abdominal and
hypersensitivity symptoms and this condition is described as gastroallergic anisakiosis (Daschner et al.,
2000). The other condition associated with Anisakis infection is an allergic response to fish products
that contain parasite allergens. In these cases, live parasites may not be necessary to induce an
allergic reaction, although it is generally believed that an initial Anisakis infection must occur to
sensitise individuals to parasite antigens. However, it has not been possible to definitively rule out the
occurrence of sensitisation through exposure to antigen alone (Audicana et al., 2002; EFSA BIOHAZ
Panel, 2010).

There has been an increase in notifications of anisakiosis over the past few decades. This is probably
due to increased inspection measures for fishery products, higher detection rates of contaminated
seafood and of human infections due to improved detection and diagnostic techniques, along with the
increasing popularity of raw or lightly cooked fish products (McCarthy and Moore, 2000; Chai et al.,
2005; Audicana and Kennedy, 2008; Caldeira et al., 2021). The economic consequences of this parasite
can be substantial, caused by increased rejection rates of contaminated products and decreased
consumer confidence due to the negative aesthetic effects of visible nematode larvae in seafood
products (D’amico et al., 2014; Llarena-Reino et al., 2015). Anisakis was ranked fourth of 14 food-borne
parasites within the category of international trade importance in a report from the FAO/WHO (2014).

There are very few reported cases of anisakiosis in Portugal (Santos et al., 2022). The first case
was reported in 2017 by Carmo et al. (2017). A case–control study by Falc~ao et al. (2008) found that
7% of the control group in the study population were sensitised to Anisakis simplex, while 22.5% of
the patients in the case group, suffering from acute, relapsing urticaria, were sensitised. An earlier
study by Nunes and Ladeira (2003) demonstrated that 8% of a population tested in a coastal region of
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Portugal were allergic to Anisakis spp. indicating that exposure to the parasite is occurring in the
population. Portugal does not have a tradition of eating raw fish, but this may change with the global
trend towards consumption of raw or lightly processed foods (McCarthy and Moore, 2000; K€aferstein,
2003). Also, grilling is a common method of cooking fish and this does not always result in sufficiently
high temperatures throughout the fish to inactivate larvae. Furthermore, dead Anisakis larvae may be
allergenic to previously sensitised individuals. Hake gonads are a popular Portuguese dish and this area
of the fish is frequently parasitised by Anisakis (Santos et al., 2022). The factors outlined above
indicate that the Portuguese population is at risk of exposure to this parasite.

2. Description of work programme

2.1. Aims

The work programme had three main aims:

i) Use survey data to characterise the situation in Portugal with regard to the zoonotic fish
parasite Anisakis. The survey gathered information on general fish consumption, raw fish
consumption and on consumer risk perception and attitudes to contamination of fish with
Anisakis spp. Also, on consumer knowledge of methods of preventing infection.

ii) Examine the risk of anisakiosis in the Portuguese population from consumption of raw or
undercooked fish.

iii) Determine the prevalence of Anisakis spp. in European hake (Merluccius merluccius), captured
in North-East Atlantic Portuguese waters.

2.2. Activities/Methods

2.2.1. Assessing raw fish consumption trends and sociodemographic and health
characteristics of raw fish consumers

A survey had been carried out prior to the start of the work programme consisting of 33 questions
that gathered information on demographics, general health, fish consumption habits for both cooked
and raw/undercooked products and knowledge of Anisakis. Data from questions regarding raw fish
consumption were analysed in conjunction with data from sociodemographic and health-based
questions, including those relating to allergy. This allowed analysis of the subset of respondents that
consumed raw fish in relation to the type and volume of raw fish consumed, their sociodemographic
profile, perceived health status and frequency of allergies.

2.2.2. Assessing consumer risk perception, awareness of Anisakis and
‘willingness to pay’ for Anisakis-free fish

Survey respondents were asked to describe what hazards they associated with fish consumption, to
indicate if they had any prior knowledge of Anisakis and if this had affected their purchasing habits in
the past. They were also asked if they were aware of methods to prevent infection with this parasite.
In the final section of the survey, respondents were provided with information on Anisakis and also
presented with a hypothetical scenario regarding a treatment that could remove all parasites and
parasite antigens from the fish without affecting the quality. They were then asked if they would be
willing to pay extra for such a product and given options of price ranges to choose from, for those that
were willing to pay extra. This scenario and question were included to facilitate a contingent valuation
study as an additional analysis of the survey data. Contingent valuation (CV) studies are used to
assess the monetary trade-offs that consumers would be willing to make for a good or service (Carson,
2012). This approach was used by Bao et al. (2018) to ascertain the value that Spanish consumers
would place on Anisakis-free fish.

2.2.3. Examine the risk of anisakiosis in the Portuguese population from
consumption of raw or undercooked fish

The initial plan for this part of the project had been to carry out a quantitative risk assessment
regarding the risk of anisakiosis posed to the Portuguese population from consumption of a given
species of fish, raw or undercooked. One of the objectives of assessing raw fish consumption trends
(see Section 2.2.1) was to identify a suitable hazard vehicle for this analysis. However, following
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analysis of these data, no suitable hazard vehicle was identified. It was decided to focus on the five
species most frequently eaten raw or undercooked in Portugal, identified by our survey, and examine
the risks that they might pose to the population.

2.2.4. Determining the prevalence and distribution of Anisakis spp. larvae in a
sample of European hake

2.2.4.1. UV-Press analysis

Forty-five European hake were examined for Anisakis L3. The UV-Press method was used to
estimate the number of parasites in the muscle and viscera of the fish. This method was first described
by Karl and Leinemann (1993). Anisakis larvae fluoresce under UV light after freezing, allowing them to
be identified and their location marked on the plastic bag. The larvae were removed from the samples,
washed in 0.9% saline solution and examined using a stereoscope to distinguish between Type I and
Type II Anisakis L3.

This was the first time that the UV-Press method had been used in the laboratory, so some work
was required to optimise the method such as establishing the most suitable light source to obtain the
best visualisation of the larvae.

2.2.4.2. Statistical analysis of UV-Press results

From the findings of the UV-Press analysis, the intensity and abundance of infection per fish were
calculated, as defined by Bush et al. (1997), as well as the intensity and abundance of infection in the
muscle and viscera of each fish. The density of infection in the muscle and viscera was also calculated
(Bush et al., 1997). The Mann–Whitney U test was used to establish if measurements such as infection
abundance differed significantly between heavier and lighter fish, and Spearman’s rank-order
correlation was used to evaluate some host–parasite correlations, such as fish weight and length with
intensity and density of infection in the muscle and viscera. SPSS version 27 was used for this analysis.

2.2.5. Molecular analysis of Anisakis L3 obtained from a range of fish species

Anisakis L3 isolated from a sample of 16 fish of the subclass Elasmobranchii and 14 gurnards were
selected for identification using conventional PCR. DNA was extracted and amplified by PCR, using
primers for Internal Transcribed Spacer rDNA (ITS) (Gasser et al., 1993; Gasser and Hoste, 1995),
Mitochondrial-encoded cytochrome c oxidase subunit 2 (COX-2) (Nadler and Hudspeth, 2000) and
elongation factor 1 alpha 1 (Mattiucci et al., 2016). PCR products were analysed by electrophoresis on
a 1% agarose gel and submitted for forward and reverse Sanger sequencing with an external
company. The sequences obtained were analysed using MEGA software and compared with sequences
deposited on GenBank.

3. Conclusions

The survey analysis provided the fellow with hands-on training in data analysis and an
understanding of how contingent valuation studies are conducted. It resulted in a data set with useful
insights into the fish consumption habits of the Portuguese population, their knowledge and perception
of risks associated with the parasite Anisakis and their awareness of methods of preventing infection.

Through working on the UV press method, the fellow also gained experience in introducing a new
method to the host institute laboratory and this allowed collection of data regarding prevalence and
distribution of Anisakis larvae in European hake from Portuguese waters. In addition, the fellow
received training in molecular techniques to allow speciation of Anisakis larvae.

Preparation for the quantitative risk assessment that was planned, allowed the fellow to go through
the process of gathering and organising data for such an assessment. When it became apparent from
analysis of survey data, that no suitable hazard vehicles could be identified, the fellow worked on
examining the risks of anisakiosis posed to the Portuguese population from the species of fish most
commonly consumed raw in Portugal. This consolidated the knowledge of the topic already gained
over the course of the programme, and provided an opportunity to acquire a broader understanding of
this food safety issue, through a comprehensive review of the relevant literature.

The fellow also had the opportunity to attend regular on-line seminars at the host institute, learning
about a wide variety of research projects conducted there. The EU-FORA modules provided training in
a broad range of topics related to risk assessment, along with the opportunity to network with other
scientists in this field.
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Results of the fellow’s project were presented in two posters at the international conference of the
European Association of Fish Pathologists 2021 (Annex A and B), and will be published in four articles
in peer-reviewed journals.
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Annex A – Poster on UV-Press method results presented at the European
Association of Fish Pathologists 20th international conference (virtual) on
diseases of fish and shellfish 20–23 September 2021
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There is not a tradi�on of consuming raw or undercooked fish in Portugal, however these products are becoming increasingly popular, and 
common cooking methods such as grilling do not always reach sufficient temperatures to ensure death of parasite larvae. Although there are few 
reports of anisakiosis in Portugal, studies in other, neighbouring, countries have highlighted that this is a highly under-reported disease due to 
the non-specific symptoms and lack of awareness of the condi�on. Our findings form a basis from which we can establish a more accurate 
es�mate of the risk posed to Portuguese consumers from the consump�on of hake. The high prevalence of Anisakis larvae in our sample 
highlights a need for consumer educa�on about this parasite. 
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Forty-five European hake of mixed age were measured, 
weighed and the viscera and muscle were examined 
for Anisakis spp. larvae using the UV-Press Method. 

Table 1. Summary of results for forty-two European hake caught in Portuguese 
waters in April 2021. Fish were examined for stage 3 Anisakis spp. larvae using 
the UV-press method. 

Anisakiosis is a fish-borne zoonosis, caused by parasi�c nematodes of the genus 
Anisakis. These marine parasites have an indirect life cycle, using marine mammals, 
usually cetaceans, as their defini�ve host. Humans are accidental hosts for Anisakis 
spp; the larvae do not mature, but on reaching the gastrointestinal tract can cause 
disease.

Portugal has one of the highest levels of fish consump�on in the world and the 
European hake is one of the most popular fish in Portugal. 

Mean Standard Devia�on Range

Intensity 11.3 9.7 1-41

Total Abundance 11 9.8 0-41

Visceral Abundance 6.6 7.1 0-34

Muscle Abundance 4.4 4.4 0-20

Density per gram of viscera 0.54 0.5 0-2.53

Density per gram of muscle
(n=45) 0.05 0.04 0-0.16

Figure 1. Anisakis spp. Larval Stage 3 Abundance in Muscle and Viscera

Figure 2. Anisakis spp. Larval Stage 3 Density per Gram of Viscera and Muscle

The fish analysed had a mean±SD length of 31.6±3.7 cm and weight of 212.6±85.7 g.

A total of 473 Anisakis stage 3 larvae were found, with a prevalence of 95.6% (95% CI 
89.5-100%).

Three fish were fully eviscerated and these were excluded when calcula�ng the 
intensity, abundance and density per gram of viscera.

A significantly higher number of larvae were found in the viscera and the muscle of 
the larger fish (Mann-Whitney test, Z = -2.21, and p<0.03). However, the muscle 
density values were not significantly different between large and small fish (Mann-
Whitney test, Z =-0.07, and p=0.95). 

Fish length was significantly, posi�vely correlated with the total larval abundance per 
fish (Spearman correla�on coefficient: ρ =0.64, p<0.01), the visceral abundance (ρ = 
0.68, p<0.01) and the muscle abundance (ρ =0.393, p<0.01). Also with the density of 
parasites in the viscera (ρ = 0.49, p<0.01).
Fish weight was significantly, posi�vely correlated with the total larval abundance 
per fish (ρ = 0.63, p<0.01), the visceral abundance (ρ = 0.67 , p<0.01) and the muscle 
abundance (ρ =0.38, p<0.01). And with the density of parasites in the viscera (ρ = 
0.45, p<0.01).
The larval abundance in the viscera was significantly correlated with the larval 
abundance in the muscle (ρ = 0.44, p<0.01).
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Annex B – Poster on survey results presented at the European Association
of Fish Pathologists 20th international conference (virtual) on diseases of
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A ques�onnaire consis�ng of 33 ques�ons was circulated online. 
There were 746 respondents. Informa�on was collated on socio-
demographic factors and fish-consump�on habits. Data on 
consumers’ a�tudes to contamina�on of fish with Anisakis spp., 
risk percep�on and knowledge of preven�on methods were also 
analysed. 

To assess the level of knowledge within the Portuguese 
popula�on of Anisakis spp. and their poten�al risks; also, to 
assess awareness of methods to prevent infec�on. 

Anisakiosis is a zoonosis resul�ng from the accidental inges�on of 
viable Anisakis spp. larvae in raw or undercooked fish products. 
Portugal has one of the highest levels of fish consump�on in the 
world and although raw fish is not part of the tradi�onal 
Portuguese diet, the growth of interna�onal trade and increasing 
popularity of lightly cooked or raw food means that consumers 
may be at increased risk of exposure to this parasite. 
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A significant number of par�cipants had li�le or no knowledge of Anisakis spp., the risks associated with them and preven�on methods. The
majority of respondents had a post-graduate degree, mos	requently in th e area of Biological or Health Sciences. I�s clear tha�here is a need
to raise awareness o�his parasite, so that consumers know the risks assoc iated with ea�ng raw or lightly processed fish, and are familiar with
effec�ve methods to preven�nfec�on. This informa�on should be inclu ded in consumer awareness programs regarding safe food.
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Figure 1. Survey responses regarding hazards associated with fish 
consump�on

The majority of respondents were aged between 30 and 49 (55%) 
and were female (72%). About 67% had post-graduate degrees, 
39% of respondents worked in the field of Biological and Health
Sciences. 

Most respondents (86%) cited “transmission of parasites” as a 
risk associated with the consump�on of raw fish. Most 
respondents had not heard of Anisakis spp. (66%) or preven�on 
methods (79%). Of those that stated they were aware of 
preven�on methods, the majority cited "cooking thoroughly" and
"freezing" as the most important. 
Only 7% of people have avoided buying or ea�ng fish due to the
presence of worms. In these cases, the fish most commonly 
avoided were cod (29%), anchovies (26%), salmon or trout (22%).

Thirty-five per cent of respondents would be willing to pay 
between € 1 and € 2.5 extra for a fish product that was treated to 
remove Anisakis larvae and allergens. Thirteen percent of 
respondents stated that they would not buy this Anisakis-free 
product and 25% would not pay any extra for it. In these two 
cases, the main reason given was that they should not have to 
pay extra to have access to safe food. 

Figure 2. Types of fish avoided by the 55 respondents that have avoided buying or 
ea�ng fish due to concerns about Anisakis spp. 

AIMS

MATERIALS &  METHODS

RESULTS

Anisakis spp. and the poten�al risks to human health; an assessment 
among consumers in Portugal

0 100 200 300 400 500 600 700

Others

None

Radioac�ve contamina�on

Chemical pollutants

Toxins (poison)

Dangerous bacteria

Parasite Transmission

Number of Times Cited

0 2 4 6 8 10 12 14 16 18

Atlan�c Mackerel
Sardine

Squid
Others

Rooster fish
Blue whi�ng

Hake
Monkfish

Black sword fish
Horse mackerel

Tuna
White sword fish

Mackerel
Salmon or Trout

Anchovies
Cod

Number of Times Cited

Figure 3. Preven�on methods cited by the 156 respondents that stated they had 
both heard of Anisakis spp. and were aware of preven�on methods.

0 20 40 60 80 100 120 140 160

Marinate or cool the fish

Gut the fish as soon as possible

Freeze the fish at -20 ° C for more than
24 hours.

Cook the fish well

Number of Times Cited

Seafood safety and food-borne zoonoses from fish

www.efsa.europa.eu/efsajournal 10 EFSA Journal 2022;20(S1):e200409



EU-FORA SERIES 4

APPROVED: 31 January 2022

doi: 10.2903/j.efsa.2022.e200410

Risk assessment of rare earth elements, antimony, barium,
boron, lithium, tellurium, thallium and vanadium in teas

Ewelina Kowalczyk1,2, Lucas Givelet1, Heidi Amlund1, Jens Jørgen Sloth1 and Max Hansen1

1The National Food Institute, Technical University of Denmark, Kongens Lyngby,
Denmark – hosting site

2Department of Hygiene of Animal Feedingstuffs, National Veterinary Research Institute,
Puławy, Poland

Abstract

In recent years, a great intensification in the use of various elements especially in modern technology
can be observed. However, the anthropogenic activities, including industrialisation, urbanisation or
intensive agriculture, have led to the release of many of the elements into the environment. The
consequence of the accumulation of the elements both in soil and water systems is their presence in
the food chain. Inhalation and consumption of the contaminated food and beverages have been
indicated as the main pathways of the exposure to many elements. Due to the fact, that tea is
considered the second most popular beverage worldwide and its consumption is constantly increasing,
it is crucial to evaluate the safety of the product, especially for toxic elements contamination. Thus,
the aim of the project was to evaluate the contamination levels of rare earth elements (REEs) including
lanthanides, scandium (Sc) and yttrium (Y) and also antimony (Sb), barium (Ba), boron (B), lithium
(Li), tellurium (Te), thallium (Tl) and vanadium (V) in teas. Subsequently, the risk assessment was
carried out. Additionally, the Fellowship provided hands-on training on the evaluation of applications of
new biocides and participation in the science-based advises given to the Danish Food and Veterinary
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1. Introduction

In the last few decades, there has been an intensive increase in technological development, which
has involved the use of many chemical elements. Anthropogenic activities, including industrialisation,
urbanisation or intensive agriculture, have already altered the natural occurrence state of many of the
elements (Fedele et al., 2008). Release to the environment, and subsequent accumulation in soil,
water and organisms has consequently led to the presence of many potentially toxic elements in the
food chain, which may affect animal and human health.

Until now, some of the elements including lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As) or
aluminium (Al) have been widely known and studied, especially as food contaminants (Pearson and
Ashmore, 2020). However, it can be expected that humans, through consumption of various foods can
be exposed to several other elements, which may reveal toxic potential. Still, there is a wide group of
elements that has been poorly studied, both toxicologically and as food contaminants. Especially, little
is known about the dietary exposure to a group of elements called rare earth elements (REEs).

REEs include 17 elements out of which 15 are named lanthanides, including lanthanum (La), cerium
(Ce), praseodymium (Pr), neodymium(Nd), promethium (Pm), samarium (Sm), europium (Eu),
gadolinium(Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium (Tm), ytterbium
(Yb) and lutetium (Lu). Two additional elements have been classified as REEs, namely yttrium (Y) and
scandium (Sc) (Gwenzi et al., 2018). REEs are chemically uniform with similar physical and chemical
properties. Due to their specific physical properties, they found a broad application in the modern
technology e.g. catalysis, electronics, mobile communication, LED light bulbs, wind turbines, electric
cars, fuel cells and fuel additives (Gwenzi et al., 2018; Squadrone et al., 2018; Doulgeridou et al.,
2020). REEs has also been used in the production of fertilisers, especially in China (Wang et al., 2003;
Gwenzi et al., 2018; Squadrone et al., 2018; Doulgeridou et al., 2020), and it was estimated that 5200
tons of REE-enriched fertilisers, used as growth promoters, were released into the cultivated soil in
China only in 2002 (Li et al., 2013). Due to the broad use of REEs and a potential release to the
environment, they began to be perceived as emerging contaminants (Squadrone et al., 2018).

Similarly to REEs, lithium (Li) has numerous industrial and commercial applications e.g. as catalyst
of chemical reactors, component of batteries or as sanitising agent for swimming pools, hot tubs and
spas (EPA, 2008). Some additional elements including tellurium (Te) and thallium (Tl), despite their
high toxicity, are also widely used. Thallium is used in semiconductor materials, photocells, infrared
measuring devices and as a catalyst in various organic synthesis procedures. In some countries, it is
also used for the production of pesticides (Willner et al., 2021). Tellurium is mainly applied in the
production of cadmium telluride thin-film solar cells, followed by thermo-electrics (Willner et al., 2021).
In the case of barium (Ba), it has been already evaluated that the industrial (e.g. petroleum industry,
steel industry, production of semiconductors) and medicinal application more than doubled during the
last 40 years (Kravchenko et al., 2014).

Industrial intensification and increasing presence of electronic waste worldwide are becoming a
paramount problem leading to contamination of soil and water. It can be therefore expected that
elevated concentrations of many elements will be present in various plants and consequently
contribute to an increased consumer exposure to REEs.

Due to the fact that tea is considered the second most popular beverage worldwide (Wang et al.,
2020) and its consumption is constantly increasing (Vieux et al., 2019), it is crucial to evaluate the
safety of the product, especially for toxic elements contamination.

Aside of the essential trace elements such as potassium (K), manganese (Mn), selenium (Se), zinc
(Zn), strontium (Sr) and copper (Cu), teas can contain various chemical elements that can be harmful
and which cannot be eliminated while processing or tea infusions preparation (Zhang et al., 2018).
Depending on tea origin, accumulation of various elements can occur naturally or result from
manufacturing and agronomic processes (de Oliveira et al., 2018).

As tea has the ability to accumulate REEs in a higher degree than other major food crops (Wang
et al., 2020), and fertilisers containing REEs have been also used for tea production (Wang et al.,
2003, 2020), it can be expected that tea may contain elevated concentrations of REEs compared to
other plants (Wang et al., 2020). As many other elements can also be present in tea plants, besides
REEs, a set of elements including antimony (Sb), barium, boron (B), lithium, tellurium, thallium and
vanadium (V) was also investigated.

Risk assessment of elements in tea

www.efsa.europa.eu/efsajournal 4 EFSA Journal 2022;20(S1):e200410



2. Description of work programme

2.1. Aims

The aim of the project was to estimate the exposure of the adult Danish population to REEs and
other selected elements, including Sb, B, Ba, Li, Te, Tl, V resulting from tea consumption. Finally, for
each element, the risk assessment was performed. In the case of REEs, due to their similar properties
and lack of toxicological data on all of the elements, the exposure and risk assessments were carried
out for the sum of the analysed elements.

2.2. Activities/Methods

2.2.1. First part included a literature search (PubMed, Scopus, Science Direct) for the elements,
besides REEs that could be incorporated into the scope of the project. The next step regarded
identification of the most important dietary sources of REEs and other elements included in the study.

2.2.2. Analysis of a selection of dry teas (black, green – Camellia sinensis, and rooibos – Aspalathus
linearis) for their content of REEs, Sb, B, Ba, Li, Ta, Tl and V with inductively coupled plasma triple
quad mass spectrometry (TQ ICP-MS, Thermo Scientific). Samples of teas were grinded and
homogenised before the analysis, and subsequently, a test portion (0,3 g) was subjected to acidic
digestion with the use of microwave oven. Afterwards, samples were analysed by iCAPTM TQ ICP-MS
with Standard, Kinetic Energy Discrimination and Oxygen Reaction modes. The quality of the analytical
methods was assured by simultaneous analysis of a certified reference material for REEs (BCR-670),
and adherence to European standard methods EN 13805:2014 and EN 15763:2009.

Since teas are consumed as an infusion, to evaluate the real ingestion of the investigated elements,
the transfer rates of the elements to the infusion were also measured.

2.2.3. Exposure assessment combined data on REEs from the present study with consumption data
from a consumer survey among Danish citizens. Only adult (> 18 years old) consumers were included.
A consumer was defined as a person consuming min. one cup of tea per week. The estimated average
consumption was 350 mL per day, and the high consumption (1,084 mL per day) was represented by
95th percentile (P95). For the purpose of risk assessment, an average body weight of 70 kg was
adopted. Exposure was estimated using the average concentrations corrected with the transfer rates
and the average consumption (scenario 1). However, as regards tea, one can expect the phenomenon
called ‘brand loyalty’, which in the case of high contamination of the product can lead to long-term
exposure to elevated concentrations of the hazards, additional exposure scenarios were taken into
consideration. One, representing the case of the average consumption with exposure to high
concentration (P95) (scenario 2), and the other, representing high consumption (P95) and high
contamination (P95) of the products (scenario 3).

2.2.4. Risk assessment of the dietary exposure to REEs, Sb, B, Ba, Li, Ta, Tl and V resulting from
tea consumption by Danish consumers.

3. Conclusions

3.1. Risk assessment

Rare Earth Elements: The group of REEs in the study consisted of 16 elements (La, Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Gd, Tb, Dy, Tm, Yb, Y, Sc). A key toxicological characteristic of the
REEs is their common ability to displace calcium from calcium-binding sites in living systems, resulting
in enzyme inhibition or other biochemical dysfunctions (Palasz and Czekaj, 2000). Some other potential
human health effects include dysfunctional neurological disorders e.g. reduced intelligence quotient
(IQ) in children, associated mainly with La (Gwenzi et al., 2018; Wang et al., 2019) and bone alteration
(Zaichick et al., 2011). Additionally, genotoxicity and fibrotic tissue injury associated with several REEs
were observed (Gwenzi et al., 2018). In the case of La, multiple adverse effects on various organs
including liver, kidney and lung as well as the nervous system of animals were reported. The effects
were related to the oxidative stress, disturbance of the homoeostasis of essential elements and
enzymes as well as histopathological changes (Liu et al., 2010).

Since the interest in REEs is only recently increasing, there is no sufficient toxicological data on all
individual elements. Consequently, there are no health-based guidance values for REEs derived by any
of the authorities. For the purpose of risk assessment, we have adopted the values from toxicity
studies on some of the REEs.
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Ninety-day studies conducted according to the guidance of the Organization for Economic
Co-operation and Development (OECD) with the established no observed adverse effect levels
(NOAEL) were available for La, Ce, Y. Based on the NOAELs, tolerable daily intake (TDI) values were
derived for La, Ce and Y. For La, 51.3 µg/kg body weight (bw) per day for a decreased body weight
was derived (Fang et al., 2018). In the case of Ce, TDI was set at 161.5 lg/kg bw per day from NOAEL
for induced weight loss, decreased erythrocyte, albumin, total bilirubin and phosphocreatine kinase as
well as increased leukocytes in animals (Wu et al., 2019). For yttrium, the TDI of 145.5 µg/kg bw per day
was proposed, based on NOAEL for multiple changes in mortality, clinical signs, daily food consumption
and weekly body weights, urinalysis, haematology, blood coagulation, clinical biochemistry and
histopathology of all the main organs/tissues except lung (Wang et al., 2017). The lowest TDI, derived
for La of 51.3 µg/kg bw per day, was adopted as the reference vale for the sum of all REEs. The decision
was based on the fact that La was one of the predominant elements in all analysed teas, as it was
determined at one of the highest concentrations together with Ce and Y, thus had a major contribution to
the overall contamination.

High uncertainty is associated with the adaptation of TDI derived for La, for the sum of REEs, as
there is insufficient toxicological data on other elements. It is possible that other elements could have
higher toxicity comparing to La, and adapted TDI could be insufficiently protective, and risk could have
been underestimated.

The evaluated exposure to REEs (Table A.1, Appendix A) ranged from 7.57 to 58.06 ng/kg bw,
depending on the tea type. However, as the highest exposure would constitute only 0.1% of the TDI,
it can be said that the risk of adverse effects caused by REEs is rather not expected from the
prolonged ingestion of teas.

Antimony: In the case of Sb, oral exposure predominantly affects the gastrointestinal system
resulting with burning stomach pains, colic, nausea and vomiting (Sundar and Chakravarty, 2010). The
health effects observed in animals orally exposed to higher doses of Sb included hepatocellular
vacuolisation, haematological alterations such as decreases in red blood cell counts and haemoglobin
levels and histological alterations in the thyroid (Atsdr, 2019). For Sb, the suggested NOAEL in the
subchronic drinking water study in rats was established as 6.0 mg/kg bw per day based on decreased
body weight gain and reduced food and water intake. By the application of an uncertainty factor of
1,000 (100 for intra- and interspecies variation and 10 for the use of a subchronic study), a TDI of
6 lg/kg bw was determined (WHO, 2003). Taking into the consideration the evaluated exposure to Sb,
the daily intake from tea consumption would represent only 0.03% of a TDI, confirming the negligible
risk to the health of the consumers.

Barium: Human and animal high-dose exposure to soluble Ba compounds results in a number of
effects including electrocardiogram abnormalities, ventricular tachycardia, hypertension and/or and
hypotension, muscle weakness and paralysis (SCHER, 2012). However, kidney effects are considered
the most sensitive health effect associated with long-term ingestion of Ba (Kravchenko et al., 2014).
Due to the marked severity of nephropathy, the lower confidence limit of the benchmark dose for a
5% response (BMDL05) was selected over the typically 10% incidence as a point of departure. By
applying an assessment factor of 300, a TDI of 0.2 mg/kg bw per day was derived (SCHER, 2012). In
the case of the highest exposure resulting from black tea consumption, the TDI would be covered only
in 0.3%, meaning that there is a negligible risk of the adverse health effect caused by Ba ingestion
with tea.

Boron is not an essential nutrient for humans and any specific biochemical functions have not
been identified. There is however, some evidence that, in humans, B may influence the metabolism
and utilisation of other nutrients, especially calcium, and may have a beneficial effect on bone
calcification and maintenance (EFSA, 2004a; Zioła-Frankowska et al., 2014). Symptoms related to B
intoxication includes gastrointestinal disturbances, granular degeneration of tubular cells, exfoliate
dermatitis, epilepsy, cardio-circulatory collapse. Congestion of the brain, hair loss, lethargy, anorexia
and mental confusion were other identified effects (EFSA, 2006). The most sensitive endpoint of
toxicity of B was, however, a developmental toxicity (Murray and Schlekat, 2004). A tolerable upper
intake level (UL) was based on the decreased fetal body weight in rats resulting from maternal boron
intake during pregnancy. The NOAEL for this effect (9.6 mg/kg bw per day) was extrapolated to
humans by application of uncertainty factor of 60 (including intra- and interspecies variability) to give
an UL of 0.16 mg/kg bw per day (EFSA, 2004a).

Consumption of rooibos tea would lead to the highest exposure to B compared to consumption of
the other analysed teas. However, it would represent only 2.6% of the allowed UL. Based on the
outcome, it can be said that the risk for the tea consumers related to the B would be very low.
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Lithium is used as a treatment in the bipolar affective disorder; hence, most of the toxicological
studies are based on clinical investigations of the patient subjected to Li treatment. The element has
been identified as having an adverse renal effect, with the most common being nephrogenic diabetes
insipidus. However, some additional adverse effects on thyroid function, primarily asymptomatic
hypothyroidism have been observed in patients treated with Li (McKnight et al., 2012). In the case of
lithium, the provisional subchronic and chronic reference dose (p-RfD) was derived from the lowest
observed adverse effect level (LOAEL) of 2.1 mg/kg per day for adverse effects in several organs and
systems. The LOAEL was divided by an assessment factor of 1,000, yielding a subchronic and chronic
p-RfD of 2 µg/kg per day (EPA, 2008). The highest exposure from tea consumption was evaluated for
rooibos. However, it would constitute only 8.14% of p-RfD, reflecting low risk to the health of the tea
consumers.

Tellurium is an element with chemical properties resembling those of non-metals, such as sulfur,
however, if the toxicity is concerned, the properties are closer to the effects caused by selenium
(Health Council of the Netherlands, 2014). The clinical manifestation of the ingestion of substantial
concentrations of Te includes vomiting, nausea, metallic taste, black discoloration of the oral mucosa
and skin, corrosive gastrointestinal tract injury and a characteristic garlic-like odour of the breath
(V�avrov�a et al., 2021). In long-term drinking water studies in rats and mice, no evidence of
carcinogenic effects were found (Greim, 2005) .

Concentrations of Te determined in teas were very low and often below the limit of quantification of
the method; in some samples, the element was not determined (data not shown). Due to the absence
of the elements or very low determined concentration, tellurium was not included in the exposure
assessment and in the general risk assessment.

Thallium: In the case of thallium, it is known that its salts can cause a wide spectrum of adverse
effects in humans and animals, and thallium is considered a cumulative poison (EPA, 2009). Acute
thallium poisoning is usually accompanied by gastrointestinal symptoms, while neurological findings
(sensory and motor changes) predominate in chronic exposure. Other symptoms include polyneuritis,
encephalopathy, tachycardia and degenerative changes of the heart, liver and kidneys (Cvjetko et al.,
2010). P-RfD values for thallium of 1 9 10–5 mg/kg per day (for hair follicle atrophy) were derived by
Environmental Protection Agency (EPA) (EPA, 2009, 2012). Taking into account the highest estimated
exposure of 1.48 ng/kg bw, resulting from drinking black tea, it can be said that the risk for the
human health is low, as the exposure covers 14.8% of the p-RfD.

Vanadium has not been shown to be essential for humans or possess any nutritional value. The
most common non-occupational sources of vanadium exposure are contaminated food and drinking
water (Rodr�ıguez-Mercado et al., 2011; Crebelli and Leopardi, 2012). High concentrations of V may
cause irreversible damage to the kidneys (EFSA, 2004b). However, vanadium in mammalian species
can accumulate in the liver, kidneys, bones, lungs and spleen (Rodr�ıguez-Mercado et al., 2011; Crebelli
and Leopardi, 2012). Vanadium compounds may initiate some gastrointestinal problems such as
diarrhoea, vomiting, general dehydration with weight reduction, intestinal inflammation and a
characteristic green tongue (Wilk et al. 2017). In the case of V, the reference dose (RfD) of 7 lg/kg
bw per day was derived by the EPA. The dose was based on gastrointestinal disturbance (intestinal
cramping and diarrhoea) observed in human studies (EPA, 2006). The exposure to V through
consumption of teas is low, ranging from 0.1 to 2.6 ng/kg bw, contributing only to 0.04% of RfD in
the case of the highest exposure. Thus, the risk of adverse effects is not expected from the prolonged
ingestion of teas.

Due to the lack of substantial information on the toxicity of most of the elements from the REEs
group, the related uncertainty should be evaluated as high. Some of the REEs may reveal higher
toxicity than this established for lanthanum. Thus, the applied TDI would not be enough protective.
Consequently, the assessment would lead to the underestimation of the risk. However, due to the fact
that lanthanum, cerium and yttrium constituted 60% of total REEs contamination, the contribution
from other elements is significantly lower, and performed risk assessment should provide a reliable
outcome. An additional factor contributing to the uncertainty of the assessment is the fact that some
of the consumers can brew tea longer than 3 min that was used in the transfer rate study. Therefore,
higher rates of the elements can be leached into infusions and thus contribute to higher exposure. As
the exposure to most of the elements was contributing to a small per cent of the tolerable daily
intakes, the whole uncertainty of the risk assessment could be evaluated as low, and moderate in the
case of REEs.
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3.2. Final conclusions

The analysis of tea samples from the Danish market for the determination of REEs, Sb, B, Ba, Li,
Te, Tl, V was carried out. The aim of the analysis was to determine the contamination levels and
subsequently evaluate the risk related to the exposure of adult consumers of tea to these elements.
The risk assessment revealed that exposure to all investigated elements through consumption of tea
poses a negligible risk to the consumers and no adverse effects are expected even for high
consumers.

Overall, the work programme allowed the fellow to gain knowledge and practical skills on risk
assessment. Additionally, the fellow gained a practical knowledge on ICP-MS analysis and sample
preparation for elemental analysis. Results of the project were presented as a EUROTOX conference
poster and are planned to be published as a scientific paper in a peer-reviewed scientific journal.
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Appendix A – Exposure assessment

Table A.1: Estimated exposure to the investigated elements resulting from the consumption of
black, green and rooibos tea, expressed in ng/kg bw per day

REEs B Ba Li Sb Tl V

Black tea

Scenario 1 9 482 132 2 0.4 0.2 0.1
Scenario 2 18 578 196 5 0.4 0.5 0.3

Scenario 3 56 1,789 606 16 1 1.5 0.8

Green tea

Scenario 1 8 636 109 2 0.3 0.03 0.5
Scenario 2 9 714 133 5 0.5 0.6 0.8

Scenario 3 27 2,211 412 14 2 0.2 2.5

Rooibos tea

Scenario 1 15 991 44 43 0.05 0.01 0.6
Scenario 2 19 1,345 64 53 0.07 0.02 0.8

Scenario 3 58 4,167 199 163 0.2 0.04 2.6
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Appendix B – Secondary activities

1) Webinar on ICP-MS. ‘Heavy Metals in Baby Food’ (28 April 2021).
2) Participation in 9th BfR-Summer Academy 2021: Lecture Series on Risk analysis in Food safety

(23–27 August 2021).
3) Participation in the postgraduate course ‘Risk Analysis in Food Safety’ consisting of two main

modules: first focusing on microbiological, and a second on chemical risk assessment. Each
module consisted of 12 submodules, including case studies intended to the elaboration of a risk
assessment on a specific microbiological/chemical hazard, finalised with the preparation of the
reports and poster presentations (31 August to 3 December 2021).

4) Participation with a poster presentation in the 56th Congress of the European Society of
Toxicology – EUROTOX 2021. The poster presentation: ‘Rare earth element as the emerging
contaminants in black tea – risk assessment resulting from the dietary exposure’ was related to
the project on risk assessment carried out by the fellow at DTU (27 September to 1 October
2021).

5) Webinar on the application procedure for active substances in pesticides and maximum residue
levels (28 October 2021).

6) Hands-on training on the evaluation of applications and requests related to biocides products,
mainly destined to be used as disinfectant/cleaning agents.

7) Taking part in advice-giving to the Danish Food and Veterinary Administration, the Danish
Environment Protection Agency and the Danish Medical Agency.

8) Participation in division meetings.
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Abstract

High consumption of red meat, in particular of its processed products, has been linked to the
development of various chronic diseases, and the need to reduce consumption levels of these products
has been identified as a public health priority in Europe. Among the potential alternatives, pulses have
gained a prominent position in recent years. Stemming from the broader context of the substitution of
red meat in the diet with alternative plant-based protein sources, this work programme was developed
to address the need of improving the current understanding on the public health impact of potential
substitutes. From a training perspective, the main goal was to advance the fellow’s background
knowledge in the principles of nutritional epidemiology, while contributing to the harmonisation of food
risk assessment practices across Europe. The activities developed comprised a comprehensive learning
experience in the different components of the risk assessment framework, giving particular focus to
the appraisal of epidemiological evidence within this context (hazard identification and
characterisation). The fellow had the opportunity to gain hands-on experience with EFSA’s databases
among other relevant national and international data sources. The association between the
consumption of legumes and risk of cardiovascular disease in particular was extensively explored and
described by summarising the available evidence through dose–response meta-analyses. The one-
stage approach method was used to explore the shape of the associations, including studies with as
few as two levels of exposure, in a weighted mixed-effects model. The analysis was also performed
taking into account the potential risk of bias of included studies, assessed using the ROBINS-I tool.
Upon the completion of the activities carried out, the fellow made significant progress towards the
learning outcomes expected to be achieved throughout the duration of the EU-FORA fellowship period.
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1. Introduction

The consumption of red meat has significantly increased during the last five decades. Despite being
an important source of several macro- and micronutrients, high levels of red meat in the diet,
especially of its processed products, have been linked with various chronic diseases. Hence, a
reduction in the consumption of red meat has been identified as a public health priority in Europe.
Reasons such as consumers’ increasing concern and preference for health promoting foods have also
led to the emergence of products that can replace red meat. Among the potential alternatives, pulses
have gained a prominent position. Cultivation and consumption of pulses have a long tradition in
almost all regions of the world and, for centuries, this food group has played a fundamental role in the
functioning of traditional agricultural systems and dietary patterns of populations. Pulses are extremely
nutritious, with high levels of protein, dietary fibre and with a very low fat content. Moreover, they
offer agricultural and ecological benefits in terms of nitrogen fixation in the soil and have a low water
and carbon footprint. Despite their nutritional and environmental benefits, in the recent decades,
pulses have not received deserved attention as an important food component in the diet of
populations worldwide. More recently, higher concerns with health, nutrition and the environment
seem to be leading to significant changes in food consumption patterns and driving a shift to more
plant-based inclusive diets. This work programme was developed within the broader context of the
substitution of red meat in the diet with alternative plant-based protein sources, addressing the need
to better understand the impact of potential substitutes on public health. This report describes the
knowledge and experience acquired by the fellow during the EU-FORA fellowship programme based at
the Dept. of Hygiene, Epidemiology and Medical Statistics of the School of Medicine, National and
Kapodistrian University of Athens, as well as a synthesis of results achieved.

2. Description of work programme

2.1. Aims

Using the Leguminosae family species as a case study, the programme’s main goal was to advance
the fellow’s background knowledge in the principles of nutritional epidemiology, while contributing to
the harmonisation of food risk assessment practices across Europe, namely those related to the
appraisal of epidemiological evidence, which are inextricably related to hazard identification and
characterisation. The specific learning objectives for this work programme were (1) to increase the
fellow’s expertise in the utilisation of food consumption data, (2) to develop the fellow’s knowledge on
systematic review and meta-analysis methodologies and (3) to develop the fellow’s capacity on how to
weigh scientific evidence and to assess uncertainties of epidemiological research to be used under the
risk assessment framework.

2.2. Activities/Methods

2.2.1. Identification of the subject matter and patterns of consumption of pulses
in Greece and beyond

A single food is often known under several common names, whereas the use of similar names for
different commodities is not uncommon. The foods belonging to the Leguminosae family (i.e.
fabaceae, commonly known as the legume or pea family) are a good example of such inconsistencies,
with terms such as ‘pulses’, ‘legumes’, ‘dried vegetables’ or ‘grain legumes’ being often used
interchangeably by the scientific community. However, these terms characterise food items with
different nutritional profiles, have distinct roles in eating habits of populations and have different
implications for human and animal health, as well as for the environment. In the first module of this
work programme, and to address Problem formulation, the fellow has explored, identified and
characterised the definitions and inconsistencies among these terms through the consultation of
selected sources (EFSA FoodEx2 and other food classification systems at the global or European level,
food composition databases and dietary guidelines) that included food items belonging to the
Leguminosae family in sufficient detail. In order to evaluate consumption patterns and trends for this
food group, the fellow further consulted and worked with food intake data available for the global and
European contexts. Food consumption data from Greece was used more extensively due to its
traditional mediterranean eating pattern, of which pulses are an integral component, serving as a case
study for a detailed insight into specific trends of consumption, types of pulses with higher
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contributions to the overall intake and main characteristics of consumers. For these purposes, three
levels of available data were considered: FAO Food Balance Sheets (FBS), compiling yearly country-
level data on the available national food supply; Household Budget Surveys, providing information on
food availability at the household level; and studies assessing food consumption at the individual level,
in particular those following the EU Menu methodology, available at the EFSA Comprehensive European
Food Consumption Database, further complemented by other data collections.

2.2.1.1. Definition of the exposure

The FoodEx2 – EFSA Food classification and description system for exposure assessment – is a
comprehensive food classification system developed by EFSA (EFSA, 2015), including different
grouping hierarchies, depending on the food domain of interest. The exposure-oriented hierarchy is
designed to facilitate the grouping of food items for exposure calculations and the preferred hierarchy
for reporting consumption data, being thus considered under the scope of this module. The EFSA
Catalogue Browser was used as the main source to describe the specific terms and categorisation for
the items under the Leguminoase family in FoodEx2. In this classification system, this food group is
comprised within two major categories (hierarchy terms): ‘Legumes, nuts, oilseeds and spices’ and
‘Vegetables and vegetable products’. The first is further divided into two hierarchy terms: ‘Legumes’,
comprising two generic terms depending on whether the items are in the form of fresh (‘Legumes
fresh seeds’) or dried seeds (‘Pulses (dried legume seeds)’), with both categories including similar
groups of several species of beans (including soyabeans), peas, lentils, lupins and other legumes (fresh
seeds of horse gram, peanut, kersting’s and bambara groundnut); and ‘Processed legumes, nuts,
oilseeds and spices’, which is further divided into ‘Canned or jarred legumes’, including canned/jarred
beans, peas, lentils and chickpeas, and ‘Pulses flour’, along with other core items pertaining to nuts,
oilseeds and spices. On the other hand, the latter hierarchy term (‘Vegetables and vegetable products’)
comprises the generic term of ‘Legumes with pods’, which is further divided into three core terms –
‘Beans (with pods)’, ‘Lentils (with pods)’ and ‘Lentils (young pods)’, with each term also including
several species, along with other categories of vegetables and vegetable products. The major
distinguishing aspect between these two main terms is that under the ‘Legumes, nuts, oilseeds and
spices’, the fresh seeds of legumes without pods are considered; whereas in the category of
‘Vegetables and vegetable products’, only the fresh leguminous seeds within pods are included.

In order to further explore the definitions of this food group, other sources of food classification
and description were consulted. A detailed comparison between the categorisation of FoodEx2 and
other food classification systems for the species in the Leguminosae family is described in Appendix A.
Briefly, FoodEx2, along with the FAO Definition and Classification of Commodities and FAO/WHO Codex
classification are the most descriptive and comprehensive among the included classifications,
describing a similar listing of species under the pulses category, with the exception of soyabeans,
which are explicitly excluded from the second and are found under the category of oil-bearing crops.
Additionally, it seems consensual among the selected sources that when the term pulses is used it
refers exclusively to the dried legume seeds. In some cases, the category ‘legumes’ includes both the
fresh and dried seeds and in other comprises specifically the fresh leguminous seeds, thus excluding
pulses. The most evident discrepancies are related to the categorisation of the fresh legume seeds and
processed legumes. Unlike in FoodEx2, other food classification systems do not distinguish legumes
within pods from those in the shelled form. This might however be relevant from a chemical exposure
perspective, since pods are fully exposed to pesticides, whereas the seeds are protected within the
pod. In a similar way, processed legumes are described as a specific group in FoodEx2, an important
distinction from a nutritional standpoint. However, it should be noted that different classification
systems were developed to fill different needs and the inconsistencies identified might be a reflection
of those rather than actual inconsistencies or disagreements.

2.2.1.2. Assessment of trends in the consumption of pulses worldwide, in Europe and
Greece

According to the OECD-FAO Agricultural Outlook 2020–2029 (OECD/FAO, 2020) , about 22 g/day/
per capita of pulses were available for consumption in 2020, globally. The values were highest in Africa
and Latin America (about 30 g/day/per capita), followed by Asia (19 g/day/per capita) and North
America (16 g/day/per capita) and lowest in Europe (8 g/day/per capita) and Oceania (5 g/day/per
capita). The overall supply of pulses had a slow but steady decline in both high- and low-income
regions since the early 1960s, reaching a plateau between the early 1990s and 2000s. No major
changes are foreseen in the global per capita availability of pulses for the next decade (OECD/FAO,
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2020). However, pulses are expected to regain importance in the diets and farming systems of Europe
as a whole and in the European Union in particular (OECD/FAO, 2020). After consulting the available
data from FAO FBS (FAOSTAT, 2021), in 2010, the per capita supply of pulses in Europe was estimated
at 6.8 g/day, with a slow but steady increase since then. This value is expected to increase to 9.5 g/
day per capita in 2029. Between 1961 and 2018, peas were the most available pulse in Europe, with
an average of 2.5 g/day per capita in 2018, followed by beans with 1.7 g/day per capita in the same
year. However, the supply available for consumption of both of these types of pulses has been slowly
decreasing throughout time, while for other pulses (including broad beans, horse beans, chickpeas,
cowpeas, pigeon peas, lentils, bambara beans, vetches, lupins, flour and bran of pulses), it has been
steadily increasing. Due to the nature of categorisation of data in FAO FBS, it was not possible to
understand if this is due to higher levels in the supply of a single or more types of pulses.

Focusing on a National context, data available at the FAO FBS for Greece, the Greek Household
budget surveys and original studies on food consumption at the individual level were consulted and
used. Table 1 shows the trends in the average per capita supply (g/day) in Greece by decade and the
respective average share in the total caloric and protein supply for that time period, according to FAO
FBS. Similarly to the observed for the global context, the per capita supply of pulses in the country has
been steadily declining since the early 1960s from 21.5 g/day to 13.4 g/day in the 2010s. In the
1960s, pulses represented 5.1% of the total protein supply in Greece and 2.5% of the total supply of
calories intake (Table 1). Six decades later, in the 2010s, these values are about half of those
previously reported. These trends were also in line with those described using data from the Greek
Household budget surveys.

At the individual level, Greek food consumption data available at the EFSA Comprehensive Food
consumption database were retrieved. The number of individuals reporting any level of intake of
pulses was relatively low in all age groups. For the pulses’ food group as a whole, the percentage of
consumers was 18.2% in adolescents, 15.8% in adults and 23.7% in the elderly in 2015. The average
consumption was higher among the elderly [mean (sd): 6.73 (15.08) g/day] and lower among
adolescents [mean (sd): 4.72 (14.13) g/day]. Lentils were the most consumed pulse among
adolescents (9.1%), while beans were reported by a higher number of adult and elderly consumers
(10.4% and 11.3%, respectively). Taking into account the Greek Dietary Guidelines (Kastorini et al.,
2019), which recommend an amount of at least 450 g of pulses per week for adolescents and adults,
the results provided in this study show that regardless of the age group, the Greek population is
currently characterised by low levels of intake of pulses, with an average of about 33 g/week among
adolescents, 34 g/week among adults and 47 g/week among the elderly.

2.2.2. Understanding of the current state of the art: health outcomes associated
with the consumption of legumes

The second module of the work programme consisted in conducting of a comprehensive literature
search to describe the health outcomes associated with the consumption of pulses (hazard
identification) and to identify existing dose–response meta-analyses (hazard characterisation). For this
purpose, the fellow searched PubMed and other literature sources in order to identify systematic
reviews and meta-analyses addressing the association between the dietary intake of pulses and health
outcomes, considering either the whole food group or specific types. Despite the main interest of the
present work programme being legumes in their dried form, i.e. pulses, after a preliminary search it
was evident that in the majority of studies there was no distinction between subtypes, with the food
group of legumes being assessed as an aggregated term, including fresh and dried seeds. For this
reason, the term legumes was used in the sections of this report aiming to address the epidemiological
evidence on the association between this food group and health outcomes (Sections 2.2.2 and 2.2.3).

Table 1: Average per capita per day supply of pulses and its contribution to the supply of protein
and calories in Greece (1961–2018)

1961–1970 1971–1980 1981–1990 1991–2000 2001–2010 2011–2018

Average consumption (g) 21.5 18.6 14.4 13.9 13.0 13.4

% of total protein supply 5.1 3.8 2.8 2.6 2.5 2.7

% of total energy supply 2.5 1.9 1.4 1.3 1.2 1.3

All estimates were calculated using data available at the FAO Food Balance Sheets for Greece (FAOSTAT, 2021).
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In addition, studies focusing exclusively on the health effects of the corresponding nutrients and other
compounds (e.g. proteins, fibre, isoflavones) were excluded, in an attempt to capture interactions
among food constituents and approach holistically the association between food intake and disease
risk. Another aim of this module was to gather the necessary evidence to allow the selection of a
health outcome to be studied in the context of a dose–response meta-analysis in module 3. For this
reason, studies assessing exclusively the health effects of soyabeans and soy products were also
excluded, since these have already been extensively reviewed elsewhere (46 systematic reviews and
meta-analyses identified in a preliminary search). For the association between the intake of legumes
and pulses (excluding soy) and health outcomes, including hard clinical outcomes and potential
intermediate factors (surrogate endpoints), 44 systematic reviews and/or meta-analyses were
identified. An overview of the conclusions resulting from these studies is described in Figure 1.

Through the literature search performed, 11 publications with a dose–response meta-analysis on
the association between the intake of legumes and one or more hard clinical endpoints were identified.
Considering the most recent meta-analyses conducted for each outcome, a statistically significant
dose–response association was reported for Type 2 diabetes and CVD only, albeit with a limited
number of included studies. The strengths and limitations of these studies were assessed and
discussed with the supervisor and other team members, aiming to increase the fellow’s capacity to
critically appraise the available evidence and to inform the next steps of the work programme.

In order to enhance the relevance and interpretation of findings in terms of health impact, the
fellow has consulted the Global Burden of Disease Study (GBD, 2019) to identify estimates of disease
burden associated with each hard clinical endpoint identified in Figure 1. Disability adjusted life years
(DALYs), combining years of potential life lost due to premature mortality and years lived with a
disability of specified severity and duration, reported in the Global Burden of Disease Study 2019
(GBD, 2019) were used as the estimate of interest. In 2019, CVD was responsible for 393 million (95%
UI 368–417) DALYs and was the overall leading cause of disease burden – specifically for CVD
subtypes, coronary heart disease reached a total 182 million (95% UI 170–194) DALYs and stroke a
total of 143 million (95% UI 133–153). Type 2 diabetes was second with 66.3 million (95% UI 55.5–
79.0) global DALYs in 2019, followed by colorectal cancer with 24.3 million (22.6–25.7) DALYs.

The associations with hard clinical endpoints are highlighted in red and with intermediate factors in gray. For each
outcome, the direction of the association with the intake of legumes is indicated. For those cases where only one
meta-analysis was performed, the number of included studies is presented in parenthesis, whereas when two or
more meta-analyses were available for the same association, the agreement or disagreement in their conclusions is
noted also in parenthesis. MA: meta-analysis; SR: systematic review; CVD: cardiovascular disease; CHD: coronary
heart disease; CRP: C-Reactive Protein.

Figure 1: Consumption of legumes and related health outcomes, according to the results from the
identified systematic reviews and meta-analyses
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The final step of this module consisted in selecting the health outcome to be studied in the context
of a dose–response meta-analysis. For this purpose, five criteria were defined and applied: (1) hard
clinical endpoints with a plausible association with the intake of legumes; (2) outcomes with no
previous or recent dose–response meta-analysis exploring their association with the intake of legumes;
(3) outcomes with available estimates of disease burden (i.e. DALYs); (4) outcomes with an
established positive association with the intake of red meat and red meat products, considering the
substitution of red meat with plant-based protein sources as the wider scope of this work programme;
(5) availability of several publications for the association between the health outcome and the intake of
legumes, so as to increase the precision of the effect measures. For all the identified hard clinical
endpoints with a plausible association with the consumption of legumes (Figure 1) (criterion 1), a
relatively recent dose–response meta-analysis was performed (criterion 2) and with the exception of
all-cause mortality, all the identified outcomes had an associated estimate of disease burden (criterion
3). Colorectal cancer and CVD have an established positive association with the intake of red meat and
a recent dose-response meta-analysis has also linked the intake of red meat to the development of
type 2 diabetes (Yang et al., 2020) (criterion 4). However, two dose-response meta-analyses on this
association were published in 2020 and 2021, limiting the need to conduct a new synthesis of findings.
CVD and colorectal cancer were therefore regarded as the most suitable outcomes for the
investigation proposed within the context of the present work plan. Considering the availability of
publications for the association between these health outcomes and the intake of legumes (criterion
5), preliminary literature searches were conducted. For colorectal cancer, the preliminary search
retrieved 141 papers published after the most recent update (Schwingshackl et al., 2018), all with a
cross-sectional or retrospective design. On the other hand, a preliminary search on the association
between the intake of legumes and CVD after the most recent update (Viguiliouk et al., 2019)
retrieved 557 publications, with original research addressing the association of interest including
prospective and retrospective study designs. Prospective studies are generally considered to rank
higher than retrospective approaches in the hierarchy of evidence, thus improving the strength and
robustness of pooled effect measures. For this reason, overall CVD and its different subtypes were
selected as the health outcomes to be explored within the context of a dose–response meta-analysis.

2.2.3. Assessment of dose–response associations between the consumption of
legumes and the selected health outcome

The third module of the work programme consisted in the evaluation of dose–response associations
between the intake of legumes and the health outcomes selected in module 2 – CVD and subtypes – in
the context of a systematic review and meta-analysis. In an initial stage, the fellow consulted the
guidelines from the Cochrane Handbook for Systematic Reviews of Interventions (Higgins et al., 2019)
and the EFSA guidance document on the application of systematic review methodology to food and
feed safety assessments (EFSA, 2010), along with other relevant literature, to support the
methodological design and procedures of the study. After a thorough discussion with the supervisor
and the supporting team on methods and major aspects to be considered, the study protocol was
prepared following the PRISMA-P guidelines (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses protocols) (Moher et al., 2015) and registered in PROSPERO (International prospective
register of systematic reviews), an open access online database of systematic review protocols in
health and social care, so as to ensure transparency and to enable a posteriori comparisons of
reported methods with those initially planned (PROSPERO registration ID: CRD42021247565).

2.2.3.1. Literature search and selection of studies

In an initial step, several literature databases were considered for literature search. After assessing
their scope and characteristics, taking into account comprehensiveness and complementarity as
criteria, PubMed, Scopus and Web of Science were considered and searched since inception in order to
retrieve potential eligible studies. For this purpose, several search expressions were developed and
tested, in accordance to each database format and specific controlled vocabulary thesaurus. Terms
designating the species belonging to the Leguminosae family were included, using both their common
and scientific names. The final search expression was designed so as to ensure an adequate balance
between specificity and sensitivity, however favouring a higher sensitivity in order to capture the
highest number of eligible studies. After performing several sensitivity analyses, broader terms such as
‘dietary protein’, ‘plant protein’ and ‘Mediterranean diet’ were included, resulting in a total of 14 374
publications for reviewing, after the removal of duplicates. Study selection was then developed in three
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stages: (1) title/abstract review, (2) full-text review and (3) evaluation of data in the format required
for synthesis, applying the selection criteria defined at the protocol stage, and performed
independently by the fellow and other member of the scientific supporting team. Lastly, a back and
forward citation tracking of eligible studies was conducted, in order to ensure the completeness of
study selection.

2.2.3.2. Data extraction and dose calculation

A data extraction template was created to ensure a standardised approach to data extraction,
including all the relevant variables to allow a robust analysis. The data were extracted independently
by the fellow and another member of the scientific supporting team for validation purposes. For each
exposure category, the median or mean intake level was extracted, depending on the availability of the
data provided by the authors. In cases where this information was reported in intervals of
consumption, the midpoint of each exposure strata was used and when the highest and lowest
exposure category intervals were open-ended, a value that was respectively 20% higher and lower
than the closest cut point was used as boundary. In cases where the intake levels were reported only
as number of servings, a standard portion size was assigned. Finally, all the dose levels were
converted into a standard unit, in order to allow comparability between estimates for the dose-
response assessment.

2.2.3.3. Risk of bias assessment

For the assessment of the risk of bias in observational research, the use of two possible
frameworks was initially considered – the Risk of Bias in Non-randomised Studies of Interventions
(ROBINS-I) and the Risk of Bias in Non-randomised Studies of Exposures (ROBINS-E) – and discussed,
comparing advantages and limitations. Both are based on the Cochrane risk of bias (RoB) tool for
randomised trials and follow the premise that an observational study should be compared to a
hypothetical randomised trial to identify potential biases, comprising similar domains and signalling
questions. However, ROBINS-E, even if apparently more suited for the nature of the included research
in the present study, is still currently under development and lacks an accompanying guidance
document. On the contrary, ROBINS-I is a well-established tool with a detailed and comprehensive
guidance document published (Sterne et al., 2016). For this reason, ROBINS-I was selected for the
RoB assessment. In accordance with the guidance document, the tool was tailored to address the
specific research question accommodating the nature and methodology of studies selected to be
considered in the analysis. Table 2 summarises the assumptions considered in the RoB assessment
across the seven domains covered in ROBINS-I. Each domain was classified as having a low,
moderate, serious or critical risk of bias, with a derived overall assessment for each study. The
appraisal was performed in parallel by the fellow and another researcher using a standardised
template specifically created for this purpose, in order to ensure the repeatability of the process and
ultimately the comparability of the assessments.

Table 2: Segments of the protocol adopted for the RoB assessment

ROBINS-I domains Criteria

Bias due to
confounding

Factors mandatory to be considered in the analysis so as to judge a study at low RoB
were sex, age, energy intake and BMI; mandatory factors for a moderate RoB
judgement were age, sex, BMI and measures of dietary factors/patterns (in the
absence of energy intake) or age, sex, energy intake, physical activity and clinical CVD
risk factors (in the absence of BMI).

Bias in selection of
participants

Selection of eligible participants must not be related to either legumes intake or to
CVD.

Bias in classification
of interventions

Studies were judged to be at a low RoB for exposure misclassification if using a
validated dietary assessment method and quantifying the dose of exposure (i.e. portion
consumed). If one of these conditions was not satisfied, the study would be judged to
be at moderate RoB.

Bias due to
deviations from
intended
interventions

There should be no concern about departure from intended exposure due to the long-
term stability of dietary patterns. A threshold of > 10 years of mean follow-up was
considered at moderate RoB for possible change in exposure since the beginning of the
study, if suggested that factors conditioning the change were not at random.
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2.2.3.4. Dose–response analysis

Data were analysed following two approaches: firstly, a traditional meta-analysis was conducted
comparing highest to lowest intakes. A random effects model was applied and the heterogeneity
across included studies was assessed using the I2 statistic. In a second step, the dose–response
analysis was performed. The methodology developed by Orsini et al. (2012) and Crippa et al. (2019)
was used to explore the shape of the relationship between the intake of legumes and CVD (overall and
separately for CHD and stroke). The advantage of the dose–response model applied (one-stage
approach) is that studies with as few as two levels of exposure can be considered through the
application of a weighted mixed-effects model. The one-stage approach was carried out, using a
restricted cubic spline model with three knots at fixed percentiles (10, 50 and 90%), under no a priori
assumption on the shape of the curve. The estimates were pooled using the restricted maximum
likelihood method in mixed-effects models. The possible presence of publication bias was verified
through visual inspection of funnel plots. Several sensitivity and subgroup analyses were conducted to
understand if the associations varied with different study characteristics. Finally, a manuscript was
prepared following the PRISMA guidelines to be submitted for publication.

2.2.4. Additional activities

2.2.4.1. Preliminary literature review on anti-nutrients present in pulses

There is a general consensus that a diet rich in plant-based foods has an important role in the
prevention and reduction of disease. However, despite being rich sources of micro- and
macronutrients, plant-based foods contain significant concentrations of other compounds for which the
health effects are not yet fully understood. These compounds are often referred to as antinutrients
(also bioactive compounds or phytochemicals), as they are thought to restrict bioavailability of key
nutrients. The fellow has completed a preliminary narrative review on the presence of antinutrients in
pulses, aiming to identify potential differences between species and possible impact in human
nutrition, as well as to acknowledge current research gaps. Briefly, pulses are generally a rich source of
antinutrients, including lectins, enzyme inhibitors, phytates, oxalates, phytoestrogens, saponins,
alkaloids and oligosaccharides, and their content in these factors may widely vary between different
subtypes, as well as between different species within the same subtype (Alc�azar-Valle et al., 2020;
Mayer Labba et al., 2021). The evidence on the potential health effects of antinutrients in pulses is
mixed, with some studies showing they may condition the adequate absorption of nutrients and have
other negative health effects (Fredlund et al., 2006; Petroski and Minich, 2020), while others
demonstrate their potential in disease prevention, in particular for phytoestrogens, lectins and phytates
(Gautam et al., 2020; Yamagata and Yamori, 2021; Silva and Bracarense, 2016). However, the
concentration of these compounds in pulses is significantly reduced through traditional processing such
as soaking, sprouting, fermenting, boiling and autoclaving (Luo and Xie, 2013; Bento et al., 2021), and
there is yet not sufficient evidence showing their potential effects on human health (Petroski and
Minich, 2020). The interaction between antinutrients and other constituents in food matrixes is also
not well established (Petroski and Minich, 2020).

ROBINS-I domains Criteria

Bias due to missing
data

Studies with less than 10% of missing data in the exposure, outcome or covariates
were considered at low risk of bias. If more than 10% of the data was missing for one
of these domains, the studies were judged to be at moderate RoB.

Bias in outcome
measurement

Studies were judged to be at low risk of bias if using valid methods for the outcome
assessment (e.g. medical records, self-reported diagnosis of CVD with external
validation, death registries/autopsies). Studies only partially validating the outcome
assessment were judged to be at moderate RoB.

Bias in selection of
the reported results

Suggestion that published results have not been selected and clear reporting of
statistical methods. If the analysis described in the methods section does not
correspond entirely to what is presented in the results section, but unlikely to mean
selective reporting on the basis of the results, the study was judged to be at moderate
RoB.

Overall RoB
judgement

If all domains were at low risk of bias, the overall risk was considered low; if at least
one domain was found at moderate risk of bias, the overall risk was considered
moderate. The same approach was applied for serious and critical risk of bias.
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Other additional activities completed during the fellowship period are reported in Appendix B.

3. Conclusions

The work programme at the Dept. of Hygiene, Epidemiology and Medical Statistics of the School of
Medicine, National and Kapodistrian University of Athens provided the fellow the opportunity to
develop important skills within critical aspects of the risk assessment framework. Using the
Leguminosae family as a case study, the fellow has become familiar with a different range of food
classification systems, food composition tables and dietary guidelines and has significantly improved
her knowledge in the utilisation of these tools for identifying inconsistencies across the different
sources and establishing a definition for the exposure of interest (an important step in hazard
identification). The fellow has extensively explored the EFSA Comprehensive European Food
Consumption Database and has improved her knowledge on the FAO Food Balance Sheets and the
Household Budget Surveys databases in order to assess temporal trends in the consumption of pulses
worldwide, in Europe and Greece. This has allowed the fellow to substantially advance her skills in the
utilisation of food consumption databases for the assessment and monitoring of habitual dietary
intakes at the individual, household and country level. The differences and complementary aspects
across these dietary assessment methods were also analysed taking into account sources of potential
bias, in order to improve the fellow’s knowledge and skills on the critical appraisal of available food
consumption data (a critical aspect of exposure assessment). In order to advance the skills of the
fellow on hazard characterisation, the fellow has conducted a literature search to identify and
summarise the evidence that investigated the association between different health outcomes and the
consumption of legumes. This has enhanced the fellow’s knowledge on how to identify and assess
epidemiological evidence addressing the complex relationship between diet and disease. The fellow
has also increased her expertise on systematic review and meta-analysis methodologies, by preparing
a systematic review and a dose–response meta-analysis in accordance with the guidelines from
Cochrane and EFSA. The fellow has further acquired knowledge in the appraisal of risk of bias in
observational research and improved expertise on weighing of scientific evidence in nutritional
epidemiology studies related to hazard characterisation. The EU-FORA fellowship programme and the
stay at the University of Athens was an extremely rewarding experience for the fellow, both in terms
of professional and personal development.

References
Alc�azar-Valle M, Lugo-Cervantes E, Mojica L, Morales-Hern�andez N, Reyes-Ram�ırez H, Enr�ıquez-Vara JN and

Garc�ıa-Morales S, 2020. Bioactive compounds, antioxidant activity, and antinutritional content of legumes: a
comparison between four phaseolus species. Molecules, 1, 25, 3528.

Bento JAC, Ribeiro PRV, Alexandre e Silva LM, Alves Filho EG, Bassinello PZ, de Brito ES, Caliari M and Soares
J�unior MS, 2021. Chemical profile of colorful bean (Phaseolus vulgaris L) flours: changes influenced by the
cooking method. Food Chemistry, 15, 129718.

Crippa A, Discacciati A, Bottai M, Spiegelman D and Orsini N, 2019. One-stage dose-response meta-analysis for
aggregated data. Statistical Methods in Medical Research, 28, 1579–1596.

EFSA (European Food Safety Authority), 2010. Application of systematic review methodology to food and feed
safety assessments to support decision making. EFSA Journal 2010;8(6):1637, 90 pp. https://doi.org/10.2903/
j.efsa.2010.1637

EFSA (European Food Safety Authority), 2015. The food classification and description system FoodEx2 (revision 2).
EFSA Supporting Publication 2015;12(5):EN-804, 90 pp. https://doi.org/10.2903/j.efsa.2015.en-804

FAOSTAT, 2021. Food balance sheets. Available online: https://www.fao.org/faostat/en/#data/FBS
Fredlund K, Isaksson M, Rossander-Hulth�en L, Almgren A and Sandberg A-S, 2006. Absorption of zinc and

retention of calcium: dose-dependent inhibition by phytate. Journal of Trace Elements in Medicine and Biology,
20, 49–57.

Gautam AK, Sharma D, Sharma J and Saini KC, 2020. Legume lectins: potential use as a diagnostics and
therapeutics against the cancer. International Journal of Biological Macromolecules, 1, 474–483.

GBD (Global burden of disease), 2019. Global burden of 369 diseases and injuries in 204 countries and territories,
1990–2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet, 396, 1204–1222.

Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ and Welch VA, 2019. Cochrane Handbook for
Systematic Reviews of Interventions, 2nd Edition. John Wiley & Sons, Chichester (UK).

Kastorini C-M, Critselis E, Zota D, Coritsidis AL, Nagarajan MK, Papadimitriou E, Belogianni K, Benetou V and Linos
A, 2019. National Dietary Guidelines of Greece for children and adolescents: a tool for promoting healthy
eating habits. Public Health Nutrition, 22, 2688–2699.

An appraisal of diet-disease associations in risk assessment

www.efsa.europa.eu/efsajournal 11 EFSA Journal 2022;20(S1):e200411

https://doi.org/10.2903/j.efsa.2010.1637
https://doi.org/10.2903/j.efsa.2010.1637
https://doi.org/10.2903/j.efsa.2015.en-804
https://www.fao.org/faostat/en/#data/FBS


Luo YW and Xie WH, 2013. Effect of different processing methods on certain antinutritional factors and protein
digestibility in green and white faba bean (Vicia faba L.). CyTA-J Food, 11, 43–49.

Mayer Labba I-C, Frøkiær H and Sandberg A-S, 2021. Nutritional and antinutritional composition of fava bean
(Vicia faba L., var. minor) cultivars. Food Research International, 140.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P and Stewart LA, 2015. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic
Reviews, 4, 1.

OECD/FAO, 2020. OECD-FAO Agricultural Outlook 2020–2029. Rome/OECD Publishing, Paris, FAO.
Orsini N, Li R, Wolk A, Khudyakov P and Spiegelman D, 2012. Meta-analysis for linear and nonlinear dose-response

relations: examples, an evaluation of approximations, and software. American Journal of Epidemiology, 175,
66–73.

Petroski W and Minich DM, 2020. Is there such a thing as “anti-nutrients”? A narrative review of perceived
problematic plant compounds. Nutrients, 12, 2929.

Schwingshackl L, Schwedhelm C, Hoffmann G, Kn€uppel S, Laure Preterre A, Iqbal K, Bechthold A, De Henauw S,
Michels N, Devleesschauwer B, Boeing H and Schlesinger S, 2018. Food groups and risk of colorectal cancer.
International Journal of Cancer, 142, 1748–1758.

Silva EO and Bracarense AP, 2016. Phytic acid: from antinutritional to multiple protection factor of organic
systems. Journal of Food Science, 81, R1357–R1362.

Sterne JAC, Higgins JPT, Elbers RG, Reeves BC, 2016. Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I): detailed guidance, updated 12 October 2016.

Viguiliouk E, Glenn AJ, Nishi SK, Chiavaroli L, Seider M, Khan T, Bonaccio M, Iacoviello L, Mejia SB, Jenkins DJA,
Kendall CWC, Kahleov�a H, Raheli�c D, Salas-Salvad�o J and Sievenpiper JL, 2019. Associations between dietary
pulses alone or with other legumes and cardiometabolic disease outcomes: an umbrella review and updated
systematic review and meta-analysis of prospective cohort studies. Advances in Nutrition, 10(Suppl. 4), S308–
S319.

Yamagata K and Yamori Y, 2021. Potential effects of soy isoflavones on the prevention of metabolic syndrome.
Molecules, 26, 5863.

Yang X, Li Y, Wang C, Mao Z, Zhou W, Zhang L, Fan M, Cui S and Li L, 2020. Meat and fish intake and type 2
diabetes: sose-response meta-analysis of prospective cohort studies. Diabetes Metabolism, 46, 345–352.

Abbreviations

CVD Cardiovascular disease
DAFNE Data Food Networking
DALYs Disability-adjusted Life Years
EU-FORA European Food Risk Assessment Fellowship Programme
FAO Food and Agriculture Organization
FBS Food balance sheets
OECD Organisation for Economic Co-operation and Development
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO International prospective register of systematic reviews
RoB Risk of bias
ROBINS-I Risk of Bias in Non-randomised Studies of Interventions

An appraisal of diet-disease associations in risk assessment

www.efsa.europa.eu/efsajournal 12 EFSA Journal 2022;20(S1):e200411



Appendix A – Comparison between EFSA FoodEx21 and other food classification systems for the food group of
species in the Leguminosae family

Food classification
system

FoodEx2
hierarchy term

FoodEx2
generic
term

Terms and description used in the respective food classification system for equivalent categories of
the FoodEx2* classification system

FAO
Definition and
Classification of
Commodities2

Legumes Pulses (dried
legume
seeds)

Pulses and derived products: annual leguminous crops yielding from one to 12 grains or seeds of variable size,
shape and colour within a pod. The term ‘pulses’ is limited to crops harvested solely for dry grain. Also includes
processed pulses like flour and bran of pulses and explicitly excludes soyabeans.

Vegetables and
vegetable
products

Legumes with
pods

Vegetables and Derived Products: pulses belong to this group when harvested green; the list includes green
beans, green peas (edible-podded peas or sugar peas), green broad beans and string beans, mostly for shelling.

FAO/WHO
Codex Classification
of Foods and Feeds3

Legumes Pulses (dried
legume
seeds)

Pulses: derived from the mature seeds, naturally or artificially dried of leguminous plants, consumed after
processing or household cooking. Included under the broader category of vegetables. Includes soyabeans.

Vegetables and
vegetable
products

Legumes with
pods

Legume vegetables: derived from the succulent seed and immature pods of leguminous plants; may be
consumed as whole pods or as the shelled product. Included under the broader category of vegetables. Includes
soyabeans.

WCO Harmonized
Commodity
Description and
Coding System4

Legumes Pulses (dried
legume
seeds)

Dried leguminous vegetables: includes only shelled, whether or not skinned or split, dried seeds of leguminous
plants. Covers the same subgroups and roughly the same species, with some exceptions (e.g. lupins and vetches
not mentioned). Soyabeans are not mentioned.

Vegetables and
vegetable
products

Legumes with
pods

Leguminous vegetables: includes species shelled or unshelled, in their fresh or chilled form. Only specifies generic
species of beans and peas. Soyabeans are not mentioned.

DAFNE Food
Classification
System5†

Legumes Pulses (dried
legume
seeds)

Pulses: the nomenclature varies with country, but most use the term ‘dried’ peas/beans/pulses or ‘dried
vegetables’. Presents limited detail on included specific species. Some countries include canned pulses in this
category (France and Italy).

Processed
legumes, nuts,
oilseeds and
spices

Canned/
jarred
legumes

Processed vegetables: including canned, frozen, boiled/cooked food items from the leguminosae family. The
reporting of this category varies widely according to the country. Presents limited detail on included specific
species.

Vegetables and
vegetable
products

Legumes with
pods

Fresh vegetables: generally, only the fresh forms of the leguminous plants seeds or pods are included.
Presents limited detail on included specific species.

1: EFSA (European Food Safety Authority), 2015. The food classification and description system FoodEx2 (revision 2). EFSA supporting publication 2015;EN-804, 90 pp.
2: FAO (Food and Agriculture Organization of the United Nations), 1994. Definition and classification of commodities, 4. Pulses and derived products.
3: Codex Alimentarius Commission, 1993. Codex Classification of Foods and Animal Feeds. Codex Alimentarius, 2.
4: WCO (World Customs Organization), 2017. The Harmonized Commodity Description and Coding Systems (HS).
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5: European Commission, DG SANCO, 2005. The DAFNE food classification system. Operationalisation in 16 European countries. Services of the European Commission, Luxembourg.
*: FoodEx2 categories without correspondence in the designated food classification system are omitted.
†: Classification system of data collected from the National Household Budget Surveys in Europe.
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Appendix B – Additional activities

Next to the training provided in the context of the EU-FORA fellowship programme, including the
five EU-FORA modules organised by EFSA (Italy), AGES (Austria), BfR (Germany) and EFET (Greece),
the fellow also had the opportunity to attend and participate in other training activities covering a wide
range of topics, as described below.

Description of activity/training Tutor Date

1 Observer and commentator on presentations of the
students’ on dietary survey data available in Greece, in the
context of the Nutritional Epidemiology course of the MSc
in Epidemiology – Research methodology in biomedical
sciences, clinical practice and public health of the School of
Medicine, National and Kapodistrian University of Athens
(NKUA)

– March 2021

2 Attendance to the WHO/Europe NCD Office Seminar for
Early Career Researchers – ‘Global health career
development’

Dr Gauden Galea 26 March 2021

3 Lecture ‘Analysing nutrient and food data’ to the students
of the MSc in Epidemiology – Research methodology in
biomedical sciences, clinical practice and public health of
the School of Medicine of the National and Kapodistrian
University of Athens

– 1 April 2021

4 Attendance to the seminar ‘Tackling Non-communicable
diseases and promoting Public Health in WHO/Europe’,
organised by the DeHMS/NKUA

Dr Jo~ao Breda 12 April 2021

5 Attendance to the WHO/Europe NCD Office Seminar for
Early Career Researchers – ‘Novel opportunities of
interdisciplinary approaches’

Dr Afton Halloran 21 April 2021

6 Attendance to the WHO/Europe NCD Office Seminar for
Early Career Researchers – ‘Alcohol and Cancer: Evidence
for Action’

Prof. Linda Bauld 25 May 2021

7 Attendance to the seminar ‘From epidemiologic evidence to
formulation and implementation of nutrition policy: the case
of trans-fatty acids’, within the scope of the Nutritional
Epidemiology Course organised by the DeHMS/NKUA

Dr Theodora
Mouratidou/
Dr Sandra
Caldeira

27 May 2021

8 Attendance to the WHO/Europe NCD Office Seminar for
Early Career Researchers – ‘Corporate political activity as a
commercial determinant of health: a case study and
methodological considerations’

Dr Kathrin Lauber 28 June 2021

9 Attendance to the Conference ‘Future steps to tackle
obesity – digital innovations into policy and actions’,
organised by the Portuguese Ministry of Health in the
context of the Portugal’s Presidency of the Council of the
EU

– 29 June 2021

10 Attendance to the ‘International workshop on risk
assessment of combined exposure to multiple chemicals’,
promoted by EFSA

– 18-20 October 2021

11 Attendance to the Conference of the WHO Collaborating
Centre for Nutrition and Childhood Obesity by the National
Institute of Health Dr Ricardo Jorge, Portugal

– 19 October 2021

12 Attendance to the 9th Virtual Panhellenic Conference of
Greek Lipid Forum ‘Current trends in the field of Lipids’

– 22 October 2021

13 Completion of the Cochrane Interactive Learning Course:
‘Conducting an intervention review’, promoted by Cochrane
through the People Services Department

– November 2021

14 Attendance to the WHO seminar ‘Improving digital food
environments: why do we need to act now?’

– 7 December 2021
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1. Introduction

The main objective of the European Food Risk Assessment Fellowship Programme (EU-FORA) is to
allow early to mid-career professionals from European Union (EU) and EFTA countries to widen their
knowledge and gain hands-on experience in food safety risk assessment. The work was performed at the
Spanish National Institute for Agricultural and Food Research and Technology (INIA – Instituto Nacional
de Investigaci�on y Tecnolog�ıa Agraria y Alimentaria), in the Plant Protection Products Unit (Unidad de
Productos Fitosanitarios). This unit acts in Spain as the Independent Evaluation Institution authorised by
the Spanish Ministry of Agriculture, Fisheries and Food (Ministerio de Agricultura, Pesca y Alimentaci�on -
MAPA) to conduct the risk assessment of pesticides in the following areas: identity and physico-chemical
properties, analytical methods, efficacy, metabolism and residues, fate and behaviour in the environment
and ecotoxicology; that is to say all aspects of the pesticide risk assessment except human toxicology,
whose evaluation is carried out by the Spanish Ministry of Health, Consumer Affairs and Social Welfare.

Both chemical and microbial active substances can be authorised as pesticides in the EU.
Regardless of the type of active substance, the placing of plant protection products (PPPs) on the
market must comply with Regulation (EC) No 1107/2009 that defines microorganisms as ‘any
microbiological entity, including lower fungi and viruses, cellular or non-cellular, capable of replication
or of transferring genetic material’ (European Commission, 2009a) . Although sharing the same legal
framework, chemicals and microorganisms used as pesticides have different risk profiles mainly
because once released into the environment, microorganisms can produce and release toxic
metabolites, multiply, spread and possibly genetically adapt or transfer antimicrobial resistance genes
to other microorganisms. Consequently, the risk assessment process must adjust to the specificities
ensuing from the chemical or microbial nature of the active substance.

This specific programme focused on the risk assessment of microorganisms used as pesticides,
especially on the low-risk criteria linked to antimicrobial resistance and the risk assessment of
secondary metabolites. The fellow also investigated the use of microorganisms in integrated pest
management (IPM) programmes.

1.1. Low-risk active substances

There is currently no simple regulatory definition of what a low-risk active substance is in the EU.
Instead, the following exclusion criteria were set in Annex II, point 5 of Regulation (EC) No 1107/
2009, regardless of the nature of the active substance considered:

‘An active substance shall not be considered of low risk where it is or has to be classified in
accordance with Regulation (EC) No 1272/2008 as at least one of the following:

– carcinogenic,
– mutagenic,
– toxic to reproduction,
– sensitising chemicals,
– very toxic or toxic,
– explosive,
– corrosive.

It shall also not be considered as of low risk if:

– persistent (half-life in soil is more than 60 days),
– bioconcentration factor is higher than 100,
– it is deemed to be an endocrine disruptor, or
– it has neurotoxic or immunotoxic effects’.

However, the necessity to make a distinction between chemical active substances and
microorganisms was identified thereafter and the low-risk criteria were amended by Regulation (EU)
2017/1432 to ‘reflect the current state of scientific and technical knowledge’. Two exclusion criteria were
then established for microorganisms: demonstrated adverse effects on non-target insects for
baculoviruses and demonstrated multiresistance to antimicrobials used in human or veterinary medicine
for other microorganisms. Additionally, since microorganisms are evaluated at strain level, compliance
with the low-risk criteria should be assessed at this same level, especially as the antimicrobial resistance
mechanisms of different strains belonging to the same species can vary greatly.

Appendix A displays the current exclusion criteria of the different types of active substances.
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1.2. Secondary metabolites

Microorganisms are known to produce metabolites. These metabolites are of two types: primary
and secondary metabolites. Primary metabolites are directly involved in general metabolic processes
such as the growth, development or reproduction of the microorganism and are not considered of
potential concern. Secondary metabolites are biosynthesised from primary metabolites and show
biological activities often relating to survival and ecological functions of the organism, such as
competition against other micro- and macroorganisms, parasitism, symbiosis and transport of
substances (OECD, 2018).

Although most of them are of non-concern, some secondary metabolites might produce undesirable
adverse effects and threaten human and animal health or the environment. Consequently, the
assessment of the potential risk caused by the production of these metabolites is part of the risk
assessment performed in the framework of the approval of a microorganism as legally provided in EU
data requirements (European Commission, 2013) and Uniform principles for the evaluation and
authorisation of plant protection products (European Commission, 2011). However, various feedbacks
revealed a need for guidance in interpreting the specific provisions on metabolites, materialising in a
guidance document finalised by the Standing Committee on Plants, Animals, Food and Feed (ScoPAFF)
at the end of 2020 (European Commission, 2020a). Applicable from 1 November 2021 onwards, this
document proposed a practical stepwise approach to assess the risk related to the production of
metabolites by microorganisms (intended to be) used as active substances that can be summed up as
follows. After determining the type of assessment required, information on the microorganism and its
metabolites is collected through literature searches and experimental data to establish a list of
metabolites of potential concern. Then, based on data concerning the actual production of the
metabolites by the strain under assessment, the possible routes of exposure and qualitative risk
assessment, the list is refined to a list of metabolites of concern. Finally, a quantitative risk assessment
is performed for each identified metabolite of concern.

1.3. Integrated Pest Management

According to the FAO, Integrated Pest Management is ‘an ecosystem approach to crop production
and protection that combines different management strategies and practices to grow healthy crops
and minimize the use of pesticides’. According to the European Commission, it implies the
considerations of all available plant protection methods and subsequent integration of appropriate
measures that discourage the development of populations of harmful organisms and keep the use of
PPPs and other forms of interventions to levels that are economically and ecologically justified, while
reducing or minimising risks to human health and the environment.

In May 2020, the European Commission presented the Farm to Fork Strategy, a road map towards
a fair, healthy and environmental-friendly EU food system. This action plan includes two pesticide-
related goals that should be achieved by 2030: the reduction by 50% of the overall use and risk of
chemical pesticides and the reduction by 50% of the use of more hazardous pesticides. By
encouraging the use of alternative control techniques such as appropriate cultivation techniques and
crop rotation, IPM is one of the main tools in reaching these targets.

The general principles of IPM are set in Annex III to Directive 2009/128/EC and can be summed up
as follows:

1) Prevention and/or suppression of harmful organisms by adequate cultivation techniques.
2) Monitoring of harmful organisms with adequate methods and tools.
3) Application of protection measures based on the monitoring of harmful organisms and

threshold levels.
4) Preference to biological, physical and non-chemical methods over chemical methods if they

provide satisfactory pest control.
5) Preference to specific pesticides with the least side effects on human health, non-target

organisms and the environment.
6) Keeping the use of pesticides and other forms of interventions to levels that are necessary.
7) Prevention of resistance development.
8) Checking the success of the applied plant protection measures.

By fitting with several of these principles, microbial pest control products (MPCPs, that is, PPPs
using microbial active substances) are an important component of IPM. Firstly, as indicated in principle
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4, when providing a sufficient level of pest control, they should be preferred over chemical pesticides.
Additionally, MPCPs are usually specific to a particular pest and, as microorganisms are organic matter,
they tend to break down more easily and be less persistent than chemical pesticides (Principle 5).
Furthermore, microorganisms’ modes of action differ from those of chemical pesticides. Consequently,
if used with chemical pesticides or other means of protection, they can be a valuable tool in the
resistance prevention strategy (Principle 7). All these principles rely on reducing pesticide applications
or using lower doses of chemicals, in other words, reducing dependence on chemical control. Thus,
microorganisms used as pesticides play a crucial role in reducing resort to chemical active substances
(De Cal y Cortina et al., 2020).

2. Description of the work programme

2.1. Aims

As defined in the final work programme, the main aim of this work programme was to share
expertise and develop training activities regarding risk assessment of active substances and PPPs. As
agreed with the fellow upon arrival at the hosting sites, the work programme was adapted to focus on
microorganisms used as active substances. This slight amendment of the work programme seemed
particularly appropriate since two new SANCO guidance documents had been published shortly before
the beginning of the fellowship. One deals with the approval and low-risk criteria linked to
‘antimicrobial resistance’ (European Commission, 2020a), while the other addresses the risk
assessment of metabolites produced by microorganisms used as plant protection active substances
(European Commission, 2020b). Additionally, as a former scientific risk assessor in the Residues and
Consumer Safety Unit of Anses (French National Agency for Food, Environmental and Occupational Health
Safety), the fellow already had good knowledge of the general concepts regarding the risk assessment of
active substances and PPPs at European Level as well as a 6-year experience in the evaluation of the
Residues and Metabolism section. Thus, the training sessions provided by INIA-CSIC related mainly to the
efficacy section and the environmental fate and behaviours aspects assessed in a dossier.

As previously mentioned, although both chemicals and microorganisms used as active substances fall
under the same regulations, the risk assessment process varies depending on the nature of the active
substances. During her experience as an assessor of the Residues and Metabolism section, the fellow
only evaluated chemical active substances. Thus, to get a comprehensive view of the specificities of the
risk assessment of microbial active substances, the fellow had the opportunity to follow a 1-week training
course on the risk assessment of microorganisms used as pesticides or biocides organised by the BTSF
Academy. The course was very complete and addressed the regulatory framework and all the different
scientific aspects (efficacy, toxicology, environmental fate and behaviour, ecotoxicology, sampling
techniques) of the risk assessment of microorganisms used as active substances.

In parallel to the training activities, the fellow had to draw up a picture of the situation regarding the
approval of microorganisms as active substances in the European Union, with particular attention to the
low-risk status and the available information regarding the production of secondary metabolites. This
task was then followed by a preliminary assessment of the applicability of the new SANCO Guidance on
the risk assessment of metabolites produced by microorganisms used as plant protection active
substances (European Commission, 2020b). As for every new guidance document, experience and
feedback based on concrete case studies are key elements to assess its suitability. The objective of this
assessment was to identify recurrent data gaps and critical points that would require further attention
once the guidance document will be applicable for the approval of microorganisms as active substances.

Finally, following the training session on efficacy, the use of microorganisms in IPM programmes
was investigated.

2.2. Activities

As a first activity, an Excel database compiling general information on all microbial active
substances registered in the EU Pesticide database was created to provide an overview of the use of
microorganisms as pesticides in the European Union. The type, approval and low-risk status, and,
when available, the reference of the related EFSA conclusion, compliance to low-risk criteria,
production of metabolites in the active substance, the product or in situ, known microbial resistances,
data gaps related to secondary metabolites and high concerns were made available for 112 microbial
active substances. The scientific data available in the database came from the EU Pesticides database
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and the consultation of the EFSA Conclusions published at the time of the review. Appendix B lists the
EFSA Conclusions consulted to populate the database.

Since numerous data gaps related to the possible production of secondary metabolites, a second
database compiling all the metabolites mentioned in the EFSA conclusions of microorganisms used as
active substances together with information regarding the production of these metabolites, when
available. One of the aims of this task was also to capture the amount of data on secondary
metabolites currently available in the monographs. Consequently, EFSA conclusions were also
systematically reviewed for data on analytical methods, toxicity or environmental fate. One hundred
and twenty secondary metabolites were registered in the database but specific analytical, toxicology
and fate data could be reported for only 6, 20 and 5 of them, respectively.

Based on the experience of the UPF members, Bacillus amyloliquefaciens and Beauveria bassiana
were chosen as case studies to assess the applicability of the new guidance document (European
Commission, 2020b). As some of the oldest species approved as pesticide active substances in the
European Union, sufficient data were presumed to be available in the literature to carry out the case
studies. However, since neither the fellow nor members of the UPF team had experience in toxicology,
only the first steps of the guidance document were investigated. Indeed, after a few steps, an
assessment of the available toxicological data is required to refine the list of metabolites of potential
concern that should be further assessed. Consequently, the task mainly consisted in systematic literature
reviews on the two microorganism species to identify the secondary metabolites of potential concern. As
recommended in the guidance document, the systematic literature reviews were conducted according to
EFSA guidance on the submission of scientific peer-reviewed open literature (EFSA, 2011). Taking
advantage of INIA’s subscriptions, the literature reviews were performed using Scopus, PubMed and Web
of Science databases.

In order to acquire knowledge and deepen her understanding of the efficacy section, the fellow
was provided with a lot of documentation and received personal training. This training helped the
fellow understand the structure and the different aspects studied under the efficacy section that in
reality goes way beyond assessing the sole effectiveness of the product since it also covers aspects
like adverse effects and phytotoxicity on target plants, development of resistance, effects on yield and
quality of plants or transformation process and other undesirable and unintended side effects.

Stand-alone MPCPs tend to have lower efficacy than chemical PPPs. Nonetheless, since these
products tend to be generally less persistent, less harmful to the environment and the non-target
organisms (NTOs) and intended as components of IPM programmes, reduced data packages and
demonstrated efficacy are usually accepted. However, is the inclusion of MPCPs in IPM programmes
used by the applicants to defend the authorisation of their product? To answer this question, the
fellow reviewed the efficacy section of various registration reports available on the collaborative
platform of the European Commission, CIRCABC. This review was retrained to the MPCPs using a
strain of Bacillus as an active substance, assuming that this sample of products would permit an
overview of the current situation. To complete the picture, the fellow also looked into the national
guides for IPM, the ‘Gu�ıas de Gesti�on Integrada de Plagas’, developed by the Spanish Ministry of
Agriculture, Fisheries and Food (Ministerio de Agricultura, Pesca y Alimentaci�on) to analyse the
proposed recommendations regarding the use of MPCPs.

Finally, the fellow received training in environmental fate and behaviour, especially in the different
steps and software programmes of FOCUS used to determine the predicted environmental
concentrations (PECs) of active substances and degradation products in surface and groundwater. As
an application of this training, calculations of PECSW and PECsed using software programme STEPS1–2
were performed for crystal proteins, some secondary metabolites produced by Bacillus thuringiensis
and the only metabolites for which some basic fate data (DT50, KOC) were available. However, due to
the lack of specific fate data, the assessment could not be further refined using STEP 3 calculations.
A summary of the calculations is available in Appendix C.

3. Conclusions

3.1. Low-risk active substances

Since low-risk active substances have less-negative effects on human and animal health and the
environment, their use should be promoted, according to Directive 2009/128/EC of the European
Parliament and the Council on the sustainable use of pesticides (European Commission, 2009b).
In particular, as provided in Article 12 of this directive, Member States shall consider in the first place
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the use of low-risk pesticides, that is to say, pesticides containing only low-risk substances and for
which no specific mitigation measures are required. However, some active substances were authorised
in the European Union under Council Directive 91/414/EEC (European Commission, 1991), thus before
the legal provisions for the approval of active substances as low-risk. Consequently, although some of
these active substances would probably be approved nowadays as low risk, it is not until the renewal
of their approval that they will be considered as such. Meanwhile, to help the EU Member States
comply with Article 12 of the Commission Directive, the European Commission drew up a list of
potentially low-risk active substances approved for use in plant protection (European Commission,
2018).

Of the 65 microorganisms authorised to date as active substances in the European Union, 20 are
currently considered low risk. Although representing only 15% of the active substances approved in
the European Union (65 of 448), microorganisms represent more than 60% of the low-risk active
substances. However, when considering the list of potentially low-risk active substances established by
the European Commission, an additional 35 microorganisms are expected to be of low risk, the
number of potential low-risk microorganisms adding up to 55 of 65, that is, 85% of the microbial
active substances. These numbers outline the central role that microorganisms play as low-risk active
substances, thus their key importance in achieving the challenges of the Farm to Fork strategy.

3.2. Applicability of the new SANCO Guidance

Systematic literature reviews were performed to identify the secondary metabolites and toxins
produced by the authorised strains of Bacillus amyloliquefaciens and Beauvaria bassiana. Thanks to the
technological advances and important cost reductions of the last decade in whole-genome sequencing
(WGS), it is nowadays relatively simple to obtain the genomic profile of a microorganism.
Consequently, information was available regarding genes encoding for metabolites that could be
produced by these microorganisms. However, little information was found regarding the conditions in
which such genes would be expressed, leading to the synthesis of the metabolite. When such
information was found, it mainly concerned metabolites already known to be produced by the strain in
certain conditions.

The relevant articles captured in the search can be divided into two groups:

• Articles in which a complete genotyping of a specific strain is performed and whose outcome is
a very long list of secondary metabolites that could be produced by the microorganism since
encoded in its genome.

• Articles investigating the conditions of production of secondary metabolites known for a long
time to be produced by a specific species of microorganisms.

The outcomes of the literature searches were thus very exhaustive lists of metabolites encoded in
the genome of the strains with no specific information regarding their synthesis in the conditions of
production of the Microbial Pest Control Agent (MPCA) or in situ, except for already well-known
metabolites such as beauvericin, a toxin produced by Beauvaria bassiana. In other words, too much
information at the genomic level and too little at the proteomic one. Yet, when conducting a risk
assessment of the secondary metabolites produced by a given strain, information regarding the
production of the metabolites is essential to estimate the exposure component of the risk.

According to the guidance document, once the list of metabolites of potential concern is
established, an additional literature search should be performed for each identified metabolite to
determine if there is an indication for antimicrobial activity or hazardousness. When ending up with an
exhaustive list of all the possible metabolites encoded in the genome of the microorganism, this
represents a tremendous amount of work, especially since it implies searching for hazardous effects on
human and non-target organisms (NTOs).

Following the SANCO guidance document, a few steps after establishing a list of metabolites of
potential concern comes the question of the actual production of the metabolite. If it cannot be
excluded, a risk assessment should be performed requiring the determination of toxicity reference
values and ecotoxicity testing. It can therefore be foreseen that without information regarding the
production of secondary metabolites, a significant amount of (eco-)toxicity data will have to be
generated to avoid numerous data gaps.
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3.3. Integrated Pest Management

As previously mentioned (see Section 2.2), data provided in the efficacy section for the assessment
of MPCPs can be scarce. In particular, although MPCPs are an important component of IPM
programmes and permit to reduce the use of chemical active substances, this aspect, which
compensates for their sometimes lower effectiveness as stand-alone products, is not always mentioned
by the applicants. Thus, out of the 31 reviewed Registration Reports of MPCPs using a strain of Bacillus
as an active substance, only 71% of the documents included specific IPM data or repeated mentions
of the possibility to use the product in IPM strategies. Additionally, despite the dedicated IPM section
of the Registration Reports template, IPM was not mentioned at all in 10% of the cases.

Mentioned under Article 14 of Directive 2009/128/EC, integrated pest management is a key tool to
ensure sustainable use of pesticides, which is one of the objectives of the European Green Deal.
According to the regulation, Member States ‘shall ensure that professional users have at their disposal
information and tools for pest monitoring and decision making, as well as advisory services on
integrated pest management’ and ‘establish appropriate incentives to encourage professional users to
implement crop or sector-specific guidelines for integrated pest management on a voluntary basis’
(European Commission, 2009b). To comply with these provisions, Spain developed and implemented
39 crop-type-specific guides for IPM. However, although several of the guides recommend using
products containing microorganisms as a general measure, specific species of microorganisms are
rarely mentioned and no recommendation about specific strains to be used to control specific pests
was found. It could be argued that the Member States are required to respect the principle of free
competition and thus cannot recommend a specific species or strain over another when several
microbial active substances are authorised to control a given pest. However, this is probably more
likely due to the lack of knowledge and scientific projects investigating crop-specific IPM programmes.

An interesting example of scientific projects to promote is the Operational Group FITOSCEREZO
project conducted by INIA-CSIC from 2019 to 2021. The project aimed at designing and developing an
IPM programme for cherry trees in two regions of Spain, Arag�on and Extremadura. The outcome of
the project was a new IPM programme allowing the control of six plant diseases1 and six plant pests2

(De Cal y Cortina et al., 2021).
In conclusion, to overcome the need for concrete IPM programmes, more projects should be

conducted at national and EU levels to provide suitable sector-specific guidelines to professional users.

3.4. Fellowship experience

Apart from the personal enrichment that always brings an experience in a foreign country, the
working programme has been the opportunity to gain experience in different areas of pesticide risk
assessment, especially regarding efficacy and environmental fate and behaviour. The fellow also
acquired a lot of knowledge about microorganisms, especially in the context of pesticide risk
assessment. Finally, having learned to perform systematic literature reviews according to EFSA
standards will serve the fellow’s future professional experiences for sure.
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Appendix A – Exclusion criteria applying for the approval of low-risk active substances in the European Union
(consolidated version of Regulation (EC) No 1107/2009)

Exclusion/Cut-off criteria applying for the
approval as low-risk active substance

Chemical active substances Microorganisms including viruses

Synthetical
Naturally
occurring

Emitted and used by plants, animals
and other organisms for communication

Baculoviruses
Other

microorganisms
and viruses

(a) classified in accordance with Regulation (EC) No
1272/2008 as any of the following:

— carcinogenic category 1A, 1B or 2,
— mutagenic category 1A, 1B or 2,
— toxic to reproduction category 1A, 1B or 2,
— skin sensitiser category 1,
— serious damage to eye category 1,
— respiratory sensitiser category 1,
— acute toxicity category 1, 2 or 3,
— specific Target Organ Toxicant, category 1 or 2,
— toxic to aquatic life of acute and chronic category 1
on the basis of appropriate standard tests,
— explosive,
— skin corrosive, category 1A, 1B or 1C;

X X X

(b) identified as priority substance under Directive
2000/60/EC;

X X X

(c) deemed to be an endocrine disruptor; X X X

(d) neurotoxic or immunotoxic effects X X X
persistent (half-life in soil is more than 60 days) or its
bio-concentration factor is higher than 100.

X

at strain level, demonstrated multiple resistance to anti-
microbials used in human or veterinary medicine

X

at strain level, demonstrated adverse effects on non-
target insects.

X

N.B.: Information highlighted in green corresponds to the precisions and additional criteria listed under the Annex of Reg. (EU) 2017/1432, compared to Annex II, Point 5 of
Reg. (EC) No 1107/2009.
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Appendix B – References of the EFSA Conclusions used to populate the
databases

EFSA Question
Number

Microorganism Reference

EFSA-Q-2009-00324 Adoxophyes orana GV strain BV-0001 EFSA Journal 2012;10(4):2654

EFSA-Q-2017-00055 Akanthomyces muscarius Ve6 (formerly Lecanicillium
muscarium strain Ve6)

EFSA Journal 2020;18(6):6121

EFSA-Q-2015-00021 Ampelomyces quisqualis strain AQ10 EFSA Journal 2017;15(12):5078

EFSA-Q-2011-01200 Aureobasidium pullulans (strains DSM 14940 and DSM
14941)

EFSA Journal 2013;11(4):3183

EFSA-Q-2016-00172 Bacillus amyloliquefaciens (former subtilis) str. QST 713 EFSA Journal 2021;19(1):6381

EFSA-Q-2015-00614 Bacillus amyloliquefaciens AH2 EFSA Journal 2020;18(7):6156
EFSA-Q-2014-00323 Bacillus amyloliquefaciens MBI 600 EFSA Journal 2016;14(1):4359

EFSA-Q-2014-00322 Bacillus amyloliquefaciens strain FZB24 EFSA Journal 2016;14(6):4494
EFSA-Q-2013-00038 Bacillus amyloliquefaciens subsp. plantarum D747 EFSA Journal 2014;12(4):3624

EFSA-Q-2011-00999 Bacillus firmus I-1582 EFSA Journal 2012;10(10):2868
EFSA-Q-2012-00776 Bacillus pumilus QST 2808 EFSA Journal 2013;11(8):3346

EFSA-Q-2015-00389 Bacillus subtilis strain IAB/BS03 EFSA Journal 2018;16(6):5261
EFSA-Q-2016-00696 Bacillus thuringiensis subsp. Aizawai strain ABTS-1857 EFSA Journal 2020;18(10):6294

EFSA-Q-2016-00698 Bacillus thuringiensis subsp. Aizawai strain GC-91 EFSA Journal 2020;18(11):6293
EFSA-Q-2016-00699 Bacillus thuringiensis subsp. Israeliensis (serotype H-14)

strain AM65-52
EFSA Journal 2020;18(12):6317

EFSA-Q-2016-00697 Bacillus thuringiensis subsp. Kurstaki strain ABTS 351 EFSA Journal 2021;19(10):6879
EFSA-Q-2017-00131 Bacillus thuringiensis subsp. Kurstaki strain EG 2348 EFSA Journal 2021;19(4):6495

EFSA-Q-2017-00133 Bacillus thuringiensis subsp. Kurstaki strain PB 54 EFSA Journal 2021;19(4):6496
EFSA-Q-2017-00132 Bacillus thuringiensis subsp. Kurstaki strain SA-11 EFSA Journal 2020;18(10):6261

EFSA-Q-2016-00700 Bacillus thuringiensis subsp. Kurstaki strain SA-12 EFSA Journal 2020;18(10):6262
EFSA-Q-2009-00250 Bacillus thuringiensis subsp. Tenebrionis strain NB 176

(TM 14 1)
EFSA Journal 2013;11(1):3024

EFSA-Q-2017-00593 Beauveria bassiana 203 EFSA Journal 2020;18(11):6295
EFSA-Q-2015-00362 Beauveria bassiana IMI389521 EFSA Journal 2017;15(9):4831

EFSA-Q-2015-00361 Beauveria bassiana PPRI 5339 EFSA Journal 2018;16(4):5230
EFSA-Q-2014-00324 Beauveria bassiana strain 147 EFSA Journal 2015;13(10):4261

EFSA-Q-2009-00251 Beauveria bassiana strain ATCC 74040 EFSA Journal 2013;11(1):3031
EFSA-Q-2009-00252 Beauveria bassiana strain GHA EFSA Journal 2013;11(1):3031

EFSA-Q-2014-00327 Beauveria bassiana strain NPP111B005 EFSA Journal 2015;13(10):4264
EFSA-Q-2009-00338 Candida oleophila strain O EFSA Journal 2012;10(11):2944

EFSA-Q-2013-00548 Cerevisane EFSA Journal 2014;12(6):3583
EFSA-Q-2015-00582 Clonostachys rosea strain J1446 (Gliocladium

catenulatum strain J1446)
EFSA Journal 2017;15(7):4905

EFSA-Q-2014-00656 Coniothyrium minitans Strain CON/M/91-08 (DSM 9660) EFSA Journal 2016;14(7):4517
EFSA-Q-2009-00254 Cydia pomonella Granulovirus (CpGV) EFSA Journal 2012;10(4):2655

EFSA-Q-2009-00341 Helicoverpa armigera nucleopolyhedrovirus (HearNPV) EFSA Journal 2012;10(9):2865
EFSA-Q-2013-00833 Isaria fumosorosea Apopka strain 97 (formerly

Paecilomyces fumosoroseus)
EFSA Journal 2014;12(5):3679

EFSA-Q-2017-00139 Metarhizium anisopliae var. anisopliae strain BIPESCO 5/
F52

EFSA Journal 2020;18(10):6274

EFSA-Q-2015-00546 Metschnikowia fructicola EFSA Journal 2017;15(12):5084

EFSA-Q-2014-00474 Mild Pepino Mosaic Virus isolate VC 1 EFSA Journal 2017;15(1):4651
EFSA-Q-2014-00472 Mild Pepino Mosaic Virus isolate VX 1 EFSA Journal 2017;15(1):4650

EFSA-Q-2009-00323 Paecilomyces fumosoroseus strain Fe9901 EFSA Journal 2012;10(9):2869
EFSA-Q-2015-00405 Pasteuria nishizawae Pn1 EFSA Journal 2018;16(2):5159
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EFSA Question
Number

Microorganism Reference

EFSA-Q-2018-00110 Pepino mosaic virus (PepMV) Chilean (CH2) strain, mild
isolate Abp2 (PEPMVO)

EFSA Journal 2021;19(1):6388

EFSA-Q-2018-00111 Pepino mosaic virus (PepMV) European (EU) strain, mild
isolate Abp1 (PEPMVO)

EFSA Journal 2021;19(1):6388

EFSA-Q-2014-00054 Pepino mosaic virus strain CH2 isolate 1906 EFSA Journal 2015;13(1):3977
EFSA-Q-2017-00140 Phlebiopsis gigantea strain FOC PG 410.3 EFSA Journal 2016;17(10):5820

EFSA-Q-2017-00140 Phlebiopsis gigantea strain VRA 1835 EFSA Journal 2016;17(10):5820
EFSA-Q-2017-00140 Phlebiopsis gigantea strain VRA 1984 EFSA Journal 2016;17(10):5820

EFSA-Q-2015-00814 Pseudomonas chlororaphis strain MA342 EFSA Journal 2017;15(1):4668
EFSA-Q-2011-01198 Pseudomonas sp. Strain DSMZ 13134 EFSA Journal 2012;10(12):2954

EFSA-Q-2009-00315 Pseudozyma flocculosa EFSA Journal 2015;13(9):4250
EFSA-Q-2015-00520 Purpureocillium lilacinum strain 251 (former

Paecilomyces lilacinus strain 251)
EFSA Journal 2020;18(9):6238

EFSA-Q-2017-00141 Pythium oligandrum M1 EFSA Journal 2020;18(11):6296
EFSA-Q-2014-00333 Saccharomyces cerevisiae strain LAS02 EFSA Journal 2015;13(12):4322

EFSA-Q-2009-00507 Spodoptera littoralis nucleopolyhedrovirus (SpliNPV) EFSA Journal 2012;10(9):2864
EFSA-Q-2017-00142 Streptomyces K61 (formerly S. griseoviridis) EFSA Journal 2020;18(7):6182

EFSA-Q-2012-00775 Streptomyces lydicus WYEC 108 EFSA Journal 2013;11(11):3425
EFSA-Q-2009-00300 Trichoderma asperellum (formerly T. harzianum) strain

ICC012
EFSA Journal 2013;11(1):3036

EFSA-Q-2009-00300 Trichoderma asperellum (formerly T. harzianum) strain
T25

EFSA Journal 2013;11(1):3036

EFSA-Q-2009-00300 Trichoderma asperellum (formerly T. harzianum) strain
TV1

EFSA Journal 2013;11(1):3036

EFSA-Q-2011-00899 Trichoderma asperellum strain T34 EFSA Journal 2012;10(5):2666
EFSA-Q-2009-00297 Trichoderma atroviride (formerly T. harzianum) strain

IMI 206040
EFSA Journal 2015;13(5):3056

EFSA-Q-2009-00297 Trichoderma atroviride (formerly T. harzianum) strain
T11

EFSA Journal 2015;13(5):3056

cf. each strain Trichoderma atroviride (formerly T. harzianum) strain
T11 and IMI 206040

EFSA Journal 2015;13(5):3056

EFSA-Q-2011-00900 Trichoderma atroviride strain I-1237 EFSA Journal 2012;10(10):2706
EFSA-Q-2014-00334 Trichoderma atroviride strain SC1 EFSA Journal 2015;13(4):4092

EFSA-Q-2012-00424 Trichoderma gamsii (formerly T. viride) strain ICC080 EFSA Journal 2013;11(1):3062
EFSA-Q-2009-00298 Trichoderma harzianum strain ITEM 908 EFSA Journal 2013;11(10):3055

EFSA-Q-2009-00298 Trichoderma harzianum strain T-22 EFSA Journal 2013;11(10):3055
EFSA-Q-2009-00299 Trichoderma polysporum strain IMI 206039 EFSA Journal 2013;11(1):3035

EFSA-Q-2017-00296 Verticillium albo-atrum (formerly Verticillium dahliae)
strain WCS850

EFSA Journal 2019;17(1):5575

EFSA-Q-2009-00346 Zucchini yellow mosaic virus – weak strain EFSA Journal 2012;10(6):2754
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Appendix C – Summary of PECSW and PECsed calculations using software programme STEPS1-2

Parameters considered for the calculations – based on data available for different crystal proteins (protoxin, Cry1Aa, Cry1Ab, Cry1Ac & Cry3Bb1)

Water solubility (mg.L−1) 1
DT50 in soil (days) 41.3

DT50 in sediment/water system (days) 28
DT50 in water (days) 110.7

DT50 in sediment (days) 96

KdOC (L.kg−1) 1,000

Microorganism Most critical scenario
STEP 1 STEP 2

PECSW (lg/L) PECsed (lg/kg) PECSW (lg/L) PECsed (lg/kg)

ABTS-1857 Pepper (vegetables, fruiting); 8 9 182* g/ha; 6-day interval
No interception; Southern Europe, March-May

221.39 2,090 59.46 584.04

GC-91 Pome fruits, early application; 6 9 80* g/ha; 7-day interval
Minimal crop interception; Southern Europe, March-May

115.29 864.26 32.36 289.51

AM65-52 Not performed - only indoor uses
ABTS-351 Cabbage (Brassica (vegetables, root)); 8 9 64.8* g/ha; 7 day interval

No interception; Southern Europe, March-May
78.82 742.4 20.18 198.2

EG-2348 Pome fruits, early application; 10 9 234.6* g/ha; 7-day interval
Minimal crop interception; Southern Europe, March-May

563.46 4,220 135.8 1,210

PB-54 Ornamental trees (pome fruits, early application); 3 9 48* g/ha; 7-day interval
Minimal crop interception; Southern Europe, March-May

34.59 259.28 11.16 100.08

SA-11 Pome fruits, early application; 6 9 100.3* g/ha; 7-day interval
Average crop interception; Southern Europe, March-May

144.54 1,080 35.68 314.4

SA-12 Ornamental trees (pome fruits, early application); 6 9 411.4* g/ha;
7-day interval
Minimal crop interception; Southern Europe, March-May

592.86 4,440 166.42 1,490

*: The concentrations of applied crystal proteins used in the calculations are based on the average concentration of total Cry-proteins in the technical active substance and the content of technical
grade active substance in each representative product.
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1. Introduction

1.1. Climate change and livestock welfare

Climate change is a complex phenomenon that includes different dramatic events, such as global
warming, floods and droughts, and all these events deeply affect the physiology of animal species both
directly and indirectly with semi-quantitative impacts on livestock performances and health. The
implications of climate change on animal welfare and on production demand are complex and call for a
multidisciplinary approach which involves both animal science and economic sciences.

According to Filipe et al. (2020), global warming is the main and strongest phenomenon associated
with climate change. Furthermore, the Earth’s temperature is increasing by 0.2°C per decade and it is
estimated that by 2,100, it will be increased by 1.4–5.8°C. Also, most of the studies on climate change
effects on immune system and, thus, animal’s welfare and health, focus on the increasing
temperatures worldwide. Heat stress has several negative consequences on livestock, with activation
of mechanisms that either aim at reducing the production of heat due to metabolism or increase
inflammatory responses or lead to immune-suppression, such as: (i) decrease in daily intake;
(ii) increase in peripheral cortisol levels; (iii) production of heat shock proteins (HSPs).

To the best of our knowledge, this is the first meta-analyses performed on the impact of climate
change (e.g. heat stress) on livestock welfare, particularly on the effects on ruminants’ performance
and health. We have put higher relevance on the temperature rise events (i.e. heat stress), due to the
conspicuous number of studies published on the effects that temperature has on livestock (Rahbar
et al., 2019; Ahmad Para et al., 2018) and, in consideration of the relevant influence that changes in
temperature have on the immune response system of different species. This latter aspect has been
rarely investigated.

According to Baumgard and Rhoads (2013), it undermines genetic, nutritional, pharmaceutical and
management advances made by the animal agriculture industries.

When the ambient temperature and other environmental conditions create a situation that is either
below or above the respective threshold values, the animal’s efficiency is compromised mainly because
nutrients are diverted to maintain euthermia, as preserving a safe body temperature becomes the
highest priority, and product synthesis (e.g. milk or meat) is deemphasised.

Heat stress negatively impacts a variety of productive parameters including: (a) milk yield and
composition, (b) growth, (c) reproduction and (d) carcass traits.

In addition, a heat load: (1) increases health care costs, and (2) animals can even succumb to
severe thermal stress, especially lactating cows and animals without shade.

Livestock welfare can be evaluated considering the Welfare Quality Protocol, using four categories
for all species. These are described as good feeding, good housing, good health and good behaviour
(Welfare Quality®, 2009). Good feeding includes two criteria: absence of prolonged hunger and
absence of prolonged thirst. Good housing includes three criteria: comfort around resting, thermal
comfort and ease of movement. The first criterion is measured as time needed to lie down, animals
colliding with housing equipment during lying down, number of animals lying partly or completely
outside the lying area and cleanliness of different body parts (udders, flank/upper legs and lower legs).
Moreover, good health includes three different criteria: absence of injuries (lameness), absence of
disease and absence of pain induced by management procedures. Finally, good behaviour, although
not represented in our study due to the type of experiments used in our systematic literature review, it
encompasses four criteria: expression of social behaviours, expression of other behaviours, good
human–animal relationship and positive emotional state.

1.2. Heat stress and Temperature–humidity index (THI)

Heat stress is caused by a combination of environmental factors (temperature, relative humidity,
solar radiation, air movement and precipitation).

Thom (1959) introduced a temperature–humidity index (THI) to characterise the combined effect of
the environmental climatic conditions (dry temperature, relative humidity, dew point). Both
temperature and humidity can act together as stressors for animals. According to Correa-Calderon
et al. (2004), many indices combining these different environmental factors could be used to measure
the level of heat stress (Correa-Calderon et al., 2004). However, most studies on heat stress in
livestock focused mainly on temperature and relative humidity due to data on temperature and
humidity records being able to be obtained from a meteorological station located nearby, in contrast to
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the publicly unavailable data regarding the amount of thermal radiation received by the animal, wind
speed and rainfall. The parameter that describes heat load on animals and is a good indicator of
stressful thermal climatic conditions is the THI, combining both temperature and humidity and
measures animal comfort.

Furthermore, in relation to THIs measuring sensitivity, according to Habeeb et al. (2018), THI is
better predictors of body temperature in heat-stressed cows than other measurements of
environmental conditions. Also, THI serves as indicators to heat stress of climatic conditions with
relation to production and reproduction of farm animals, which in our case, the accounted species
were, besides bovine, ovine and caprine. THI indices can be placed into classes to indicate the degree
of heat stress and the terms used to describe these classes and the ranges of THI used to define each
class are arbitrary. In our study, we classified the degrees of heat stress according to Marai et al.
(2007) and Marai et al. (2001) for small ruminants (ovine and caprine) (Marai, et al., 2007; Marai
et al., 2001).

Depending on the study, THI may be calculated using different equations, for instance:

THI = 0.8 dbT + RH × (dbT − 14.4) + 46.4; where dbT is dry bulb temperature (oC) and RH is
relative humidity in decimal form. A THI of 74 or less is considered normal, 75–78 is alert status,
79–83 is danger status and a THI equal to or above 84 is an emergency (Tom, 1959). In Fahrenheit,
the THI is arrived at from a combination of wet and dry bulb air temperature for a particular day and
expressed in a formula as follows:

THI ¼ 0:72ðW∘Cþ D∘CÞ þ 40:6,

where W°C = wet bulb and D°C = dry bulb. In this case, THI values of 70 or less are considered
comfortable, 75–78 stressful, and values greater than 78 cause extreme distress and animals are
unable to maintain thermoregulatory mechanisms or normal temperature (McDowell et al., 1976).

From Marai et al. (2007), the changes in THI mean values may also depend upon the equation
used. For instance, when temperature is measured (◦F, Fahrenheit), the equation to determine THI is
as follows (LPHSI, 1990):

THI ¼ db∘F� ½ð0:55� 0:55 RHÞðdb∘F� 58Þ�,

where db°F is the dry bulb temperature in °F and RH is the relative humidity (RH%)/100, for sheep
and goats.

The obtained values indicate the following (LPHSI, 1990): THI < 82 (absence of heat stress); 82 to
< 84 (moderate heat stress); 84 to < 86 (severe heat stress); and over 86 (extreme severe heat
stress). However, when the temperature is expressed in °C, the equation changes as follows:

THI ¼ db∘C� ½ð0:31� 0:31 RHÞðdb∘C� 14:4Þ�,

where db°C is the dry bulb temperature (°C) and RH is the relative humidity (RH%)/100. The values
obtained indicate the following: THI < 22.2 (absence of heat stress); THI from 22.2 to < 23.3
(moderate heat stress); THI from 23.3 to < 25.6 (severe heat stress) and THI ≥ 25.6 (extreme severe
heat stress).

This way, according to Johnson et al. (1989), THI is still the simplest and most practical index for
measuring environmental warmth which causes heat stress in cattle, hence, being thoroughly used for
estimation of the level of heat stress.

2. Description of work programme

2.1. Aims

As part of the EU-FORA fellowship, the study aims at involving the fellow in all the activities
required for investigating the impact of climate change events (e.g. heat stress) on livestock welfare
and productivity and the effect of heat-relieving strategies on the animals’ performance, through a
SLR, following the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
Statement, and a quantitative synthesis of the literature on the issue.
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2.2. Activities/Methods

For development of the work programme, the priority of the hosting site was to provide the fellow
with the basic theoretical background required to perform a meta-analysis with a systematic literature
review. The fellow joined a working team from both animal and socio-economic sciences with proved
expertise in the use of meta-analytic tools and received training on specific topics such as:

– Performing a meta-regression analysis (MRA);
– Handling of electronic databases (e.g. Scopus);
– Performing PRISMA guidelines for data screening on climate change and livestock welfare;
– Developing inclusion/exclusion criteria regarding climate change effects, particularly regarding

heat stress, and livestock welfare, with access to the available databases on the subject;
– Overview of the animal welfare protocol used for Bovine (dairy and beef production), ovine and

caprine species;
– Statistical analysis of the data extracted;
– Software tools that can be applied to meta-analysis, that were introduced to the fellow within

the scope of course on ‘Risk Analysis and Risk Management in Agriculture: Updates on
Modelling and Applications’ (e.g. STATA, R and R Studio).

2.2.1. Experience gained on meta-regression analysis (MRA): systematic
literature review (SLR) and semi-quantitative analysis

In order to combine both climate change effects in livestock welfare and productivity, a review of
the already performed meta-analytical studies on the subject of interest was conducted. Using the
Scopus electronic database, the results, with refinement for category ‘article’ written in ‘English’ from
peer-reviewed journals, and with criteria selected regarding only bovine, ovine and caprine species, for
data screening and extraction were selected nine articles (Table 1).

After this first step, the research question and the scope of the SLR were thus defined and further
developed.

Therefore, in this study, a higher relevance was put on the temperature rise events (i.e. heat
stress), due to the conspicuous number of studies published on the effects that temperature has on
livestock (Rahbar et al., 2019; Ahmad Para et al., 2018) and, in consideration of the relevant influence
that changes in temperature have on the immune response and health system of different species.

The SLR was conducted using the Scopus database for data sourcing, following all the PRISMA
guidelines for screening (Appendix A). The search keywords were selected under four interconnected
categories: climate change (CC); animal welfare; species; management strategy.

Table 1: Search strings, rationale for inserting the systematic literature review, results I (without
refinement) and II (with refinement) of the data screening, regarding possible already
performed meta-analytical studies on climate change and livestock welfare

Editor Tool(a) Purpose Search strings
Results

I(b)
Results
II(c)

Morgado JN
et al.

Scopus Investigate for already
existing meta-analysis
on the topic

TITLE-ABS-KEY ("Climate change" OR
climat* OR "extreme weather" OR
"heat stress" OR "Increased
atmospheric carbon dioxide
concentration" OR "precipitation
variation" AND "animal welfare" OR
"BCS" OR "Body weight" OR
"Respiration rate" OR "conception
rate" OR "rectal temperature" OR
"milk yield" OR "carcass weight" OR
"fat thickness" OR "behavioural
alteration" AND "meta-analysis")

45 9

(a): Electronic database used for search string used.
(b): Number of results without refinement for category ‘article’ written only in ‘English’, from peer-reviewed journals.
(c): Number of results, with refinement, selected for screening regarding the criteria in study, including only bovine, ovine and

caprine species.
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To be included in the database, studies followed these parameters: category ‘Article’, written in
‘English’, from peer-reviewed journals; only bovine, caprine and ovine species; and, for each
experimental group, the THI was reported.

For data extraction, the decision for inclusion relied on the following two criteria: experiments had
to analyse the animals’ performance under both heat stress (HS) and thermoneutral conditions (TN);
and control (TN) and heat stress groups had to encompass a management strategy to compare and
observe the different effects.

2.2.2. Semi-quantitative analysis

In the count noun sense, a descriptive statistic is a summary statistic that quantitatively describes
or summarises features from a collection of information (Mann, 1995), with the aim to summarise a
sample. Some measures that are commonly used to describe a data set are measures of central
tendency and measures of variability or dispersion. In this analysis, the measures of central tendency
included the mean and median, while measures of variability include the standard deviation, the
minimum and maximum values of the variables.

The type of indicators found in the studies was from different categories, from which the following
can be highlighted: body temperature (rectal temperature, respiration rate); blood parameters
(glucose, insulin, BUN, NEFA, pH); milk production and composition (milk yield, protein yield, lactose
yield); reproduction and conception rate.

The indicators were classified according to species either all together or individually and to the
variation of the Delta THI (severe or otherwise).

In Table 2, an overview of the indicators’ descriptive analysis is considered. Three main categories
(cat.) were used to estimate the influence of the CC impacts on bovine, ovine and caprine (described
as ‘all species’), with or without applying management strategies (e.g., dietary interventions; bed
treatment; use of fans and or sprinklers). These were defined as: category one (Cat.1), to estimate
the impact in control conditions and without management strategies; category 2 (Cat.2), in treatment
conditions and with management strategies; and category 3 (Cat. 3), for estimating the impact of
adaptation strategies in animals’ performances. The level/magnitude of impact that may or not
influence the performance of all the species considered was also qualitatively estimated. Performance
in our study may encompass milk production, conception rate and reproduction rate, growth rate and
carcass traits.

Table 2: Overview of the indicators’ descriptive analysis considering climate change categories 1, 2
and 3

Category
(Cat.)

Climate
change
(CC)

CCs conditions’
description

Species
Worst

performance
RF(a)

Changes in
performance(b)

1 Impact
(control)

Impact in control conditions
comparing both TN and HS:
control TN vs. control HS

All
species(1)

0.26 +

2 Impact (with
treatment(2))

Impact in treatment
conditions comparing both
TN and HS

All species 0.15 +++

3 Adaptation Adaptation effects
comparing both experiments
in control in HS with
treatment in HS

All species 0.14 ++

(a): Relative frequency (%).
(b): Expressed qualitatively as the level/magnitude of impact (e.g. +, ++ or +++) that influences all species performance (e.g.

worst or improved) for all species:+: climate change impacted for the worst the animals’ performance, e.g. low impact on
the improvement of the performance; +++: climate change impacted for an improved performance of the animals (highest
improvement); ++: climate change impacted towards a better performance of the animals, putting into evidence the
adaptive capacity of the animals (intermediate improvement).

(1): All species refer to bovine, ovine and caprine.
(2): Treatment refers to the strategy (e.g. nutritional, mechanical) applied to the animals during experiments to better

understand the impact of heat stress and changes on performance of animals.
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From the overview, Cat 3 estimates proved that the management (i.e. altered nutritional programs;
mechanical, e.g. cooling) strategies applied in the experiments were useful adaptation strategies. In
Appendix B statistical descriptive are presented for the different species, as well as the different
impacts climate change events (e.g. heat stress) affected the performance (e.g. negatively, positively).

3. Conclusions

3.1. Conclusions from the meta-analytic study

To our knowledge, this was also the first study that classified and analysed indicators regarding
direct/indirect effects on performance and animal welfare principles. Expert consultation was also used,
thus considered a valid methodological approach for the CC effects on animal welfare and productivity.

According to Vlasova and Saif (2021), the growing world population (7.8 billion) exerts an increased
pressure on the cattle industry amongst others. High yielding dairy cattle and their calves are more
vulnerable to various diseases leading to shorter life expectancy and reduced environmental fitness.
This indicates that improved understanding of cattle immune function is needed to provide optimal
tools to combat the existing and future pathogens and improve food security.

From our study, insights were provided on the influence of different treatments/experiments under
different climate conditions, and also for the need for adaptation strategies that may help improve
animal’s welfare as well as their productivity, foreseeing a need for future research on this subject.

3.2. Scientific activities of the fellowship

During the fellowship, the fellow developed the following scientific activities and awarded:

• Presentation online for the Scholar Programs webinar, organised by the Rector’s delegate for
Scholar Programs of the University of Foggia, on the topic ‘EFSA: opportunities for PhD, Post-
Doc and Senior scholars’, on 22 June 2021;

• One-week Summer School course, organised by Wageningen School of Social Sciences (WASS)
on the subject of ‘Risk Analysis and Risk Management in Agriculture: Updates on Modelling and
Applications’. Held online from 5 July 2021 until 9 July 2021;

• Abstract acceptance for presenting at the LVII Congress of Italian Society of Agrarian
Economics or ‘Società Italiana di Economia Agraria’ (SIDEA) under the topics of ‘Enterprises in
between innovation, market and environment: the new frontiers of analysis of the agrarian and
food companies’ (L’impresa tra innovazione, mercato e ambiente: le nuove frontiere di analisi
dell’impresa agraria e alimentare) from 16 to 17 September 2021, in Bologna, Italy;

• Abstract acceptance for presenting and attendance at the XXIX Congress of the Italian Society
of Agro-food economics or ‘Società Italian di Economia Agro-alimentare’ (SIEA) under the
topics of Brexit, The new Common Agricultural Policy (CAP), Covid-19: Italian agri-food
restarts, from 30 September to 1 October 2021, in Verona, Italy.

• Poster presentation with this study’s preliminary results to the ONE – Health, Environment,
Society – Conference, 21–24 June 2022.

3.3. Conclusions from the participation in the fellowship programme

The main focus of the work programme was the development and application of a Systematic
Literature Analysis and meta-analysis in order to estimate the climate change impacts on livestock
welfare and productivity. The work plan provided training and knowledge on all the steps and tools
required to perform a meta-analysis, taking as an example the CLimate change and Emerging risks for
Food Safety (CLEFSA) project on emerging risks, in which animal health and welfare subjects are
topics of interest. The fellow performed and was involved in all the activities of the meta-analysis
process, from data collection, screening, extraction and analysis, establishing different scenarios of
impact and future recommendations regarding adaptive strategies. The fellow had a very significant
contribution during all the steps of the programme.
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Appendix A – PRISMA flow chart

A.1. PRISMA Flow chart of the search of the influence of climate
change events (e.g. heat stress) on livestock welfare, health and
productivity
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synthesis for both criteria 1 and criteria 2
(N = 12)
- Included only for criteria 1 (N = 3)
- Included only for criteria 2 (N = 106)
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Appendix B – Descriptive analysis of climate change effects on livestock

B.1. Descriptive analysis of the impacts of climate change events
(e.g. heat stress) on livestock performance for studies that
included both criteria 1 and criteria 2

Category
(Cat.)

Climate
change (CC)

Species
Worst
performance
RF(1)(a)

Better
performance
RF(1)(b)

No change
RF(1)(c)

NA
RF(1)(d)

1 Impact (control) All species(2) 0.26 0.04 0.31 0,39
Bovine 0.20 0.03 0.25 0.52

Caprine 0.36 0.02 0.62 0
Ovine 0.79 0.17 0.04 0

2 Impact (with
treatment)

All species 0.15 0.02 0.34 0.49
Bovine 0.20 0.03 0.3 0.47

Caprine 0 0 0.55 0.45
Ovine 0 0 0 1

3 Adaptation All species 0.14 0.29 0.44 0.13
Bovine 0.17 0.25 0.39 0.19

Caprine 0.02 0.36 0.62 0

Ovine 0.42 0.42 0.17 0

(a): Climate change effect on different animals’ indicators that influence negatively the species performance (e.g. worst
performance) expressed as a relative frequency (%).

(b): Climate change effect on different animals’ indicators that influence positively the species performance (e.g. better
performance) expressed as a relative frequency (%).

(c): No change observed on performance.
(d): Not applicable.
(1): RF stands for relative frequency (%).
(2): All species refer to bovine, ovine and caprine.

Climate change effects on livestock welfare and performances
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Abstract

Efficient risk assessment of antimicrobial resistance (AMR) in environmental reservoirs, particularly
agroecosystems, is critical for predicting threats to animal and human health due to infections
unresponsive to antibiotic therapy. However, approaches currently employed for the risk assessment of
AMR along the human food chain rarely rely on antibiotic resistance gene (ARG) environmental
pathways connected to food production and related quantitative data. The present project aimed at
improving the risk assessment related to the spread of AMR along the food/feed chain based on ARG
quantification in agroecosystems and interconnected environments. The fellow received training and
worked in close cooperation with the team on two ongoing research projects which involved: (i) the
monitoring of ARGs in field soils and surface waters to identify and characterise food/feed chain-
associated environmental reservoirs of AMR relevant at the national level; (ii) the evaluation of ARG
dynamics in relation to agricultural practice within an international project assessing biodiversity as an
ecological barrier for the spread of clinically relevant ARGs in the environment. ARG quantification was
performed using single/multiplex real-time polymerase chain reaction (PCR) with tailor-made primers/
probe sets according to in-house optimised and validated conditions. The assessment was completed
by a comprehensive revision of available literature data for risk-ranking of ARGs along with a literature
review exploring AMR quantitative knowledge gaps and the role of certain AMR determinants encoded
on free extracellular DNA (exDNA) in their environmental spread.
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1. Introduction

1.1. General background on the risk assessment of AMR in
agroecosystems

Agroecosystems are considered one of the reservoirs of antimicrobial resistance (AMR) due to risk
to human health posed by agrochemicals as a factor contributing to the expression of antibiotic
resistance genes (ARGs) in resident bacteria and to ARGs pre-existing in the animal gut (Ramakrishnan
et al., 2019). Practice such as irrigation with reclaimed wastewaters and application of manure
contribute to the contamination of agricultural soil and crops (Cerqueira et al., 2019a,b, 2020; Sorinolu
et al., 2021), while surface runoff and water drainage systems are the primary pathways of ARG
diffusion across ecosystem boundaries, in particular to adjacent waterbodies (Iwu et al., 2020).
Although the highest concentrations of ARGs upon irrigation with water contaminated by antibiotics
have been detected in soil and its surface (Pan and Chu, 2018), current wastewater treatment
technologies only partially remove antibiotic residues, ARGs and ARB (Anthony et al., 2020).

Despite a large body of scientific literature addressing AMR, substantial knowledge gaps regarding the
complexity of its evolution and spread decrease the accuracy of risk assessment for human health
(Niegowska et al., 2021). Monitoring and surveillance of ARGs are the primary tools providing key
information for accurate risk assessment of AMR dissemination, however available approaches addressing
AMR spread in environmental settings are scarce (Claycamp and Hooberman, 2004; Ashbolt et al., 2013;
Baker et al., 2016; Ben et al., 2019). In particular, dose–response models including the quantification of
infection risks due to ARGs along the food/feed chain together with long-term holistic studies evaluating
the accumulation and dissipation of ARGs related in agroecosystems are missing ( FAO/OIE/WHO, 2020;
Sorinolu et al., 2021). The development of high-quality risk assessment models requires quantitative data
for relevant ARGs, including information on abundance and potential to confer resistance to various
antibiotics belonging to distinct classes in pathogenic bacteria (Larsson et al., 2018). Additionally, few
quantitative data are reported on the frequency of ARG transfer across ecosystem boundaries and the
uptake rates of free extracellular DNA (exDNA) by potentially pathogenic bacteria.

1.2. Hosting site risk assessment projects addressing AMR

Investigation of AMR has been included under the One Health approach from an integrated
perspective in which environmental, animal and human compartments are interconnected (WHO,
2017). The role of the environment, including agroecosystems, in halting or promoting the spread of
AMR through pathogenic and non-pathogenic microorganisms is under investigation, as foreseen in the
FAO action plan on AMR 2021–2025 (FAO, 2021). In this context, Austrian Agency for Health and Food
Safety (AGES) is part of the ANTIVERSA project European Consortium which aims at studying
biodiversity as an ecological barrier for the spread of clinically relevant antibiotic resistance in diverse
terrestrial and aquatic ecosystems, focusing on the impact of ARGs and antibiotic resistant bacteria
(ARB) on AMR diffusion in wastewater treatment plant (WWTP) effluents and soil fertilised with
manure. The outcomes will help in developing strategies in support of water and soil quality.

Under assignment from the Austrian Ministry of Health and the Ministry of Agriculture, AGES is a
leading part of the MARGINS project with the main objective to close quantitative knowledge gaps on
ARG prevalence as naturally occurring background loads as well as on their modification and resilience
to external inputs in the tested environmental reservoirs. To this end, a range of ARG targets are
quantified in various agricultural environments allowing a future selection of few ARGs to be used as
locally-specific AMR markers in a realistic scenario where routine monitoring of numerous resistance
genes in parallel is not feasible for economic reasons. Additionally, the project foresees the
development of optimised operating procedures for sample collection, analysis and data evaluation.

AGES is also partner in the One Health European Joint Programme (OHEJP) and is currently
analysing the role of exDNA on the dissemination of AMR in agroecosystems in the framework of the
FED-AMR project developed at the Division of Data, Statistics and Risk Assessment.

2. Description of work programme

The fellow was hosted by the Division of Data, Statistics and Risk Assessment at AGES. The hosting
division has a long-standing experience in the risk assessment of toxic substances in food and related
environments, and is a national unit of reference for the development of assessment and monitoring
strategies for AMR.
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2.1. Aims

The present work programme aimed primarily at improving the risk assessment of AMR of
environmental origins and to evaluate the impact of clinically relevant antibiotic resistance genes
identified in environmental compartments and along the food/feed chain on human and animal health.
Narrowing known knowledge and data gaps which are still hampering a holistic AMR risk analysis as
outlaid in the One Health concept was one primary target of this fellowship. Providing a sound training
for and presenting the tools already available for AMR risk assessment to the fellow, who should be
capable of disseminating the obtained expertise at the end of the fellowship, was another objective.

2.2. Activities/Methods

2.2.1. Comprehensive revision of available data

To meet the objectives of the work programme, the fellow assessed and identified exposure
pathways of AMR and ARGs in agroecosystems and connected environments, including the
identification of potential pathways of ARG dissemination from the environment to human and animal
pathogens, mainly along the food chain, as well as collection of data on the current knowledge status
relating to environmental AMR. The identification of knowledge gaps of major relevance in the risk
assessment of AMR in the environmental context, with focus on AMR spread through exDNA
and quantitative information on ARGs related to the food chain and agroecosystems was used in a
predictive modelling approach and used to prepare a draft of a literature review, currently under
refinement for a publication in a peer-review journal.

To provide an evidence-based section of ARG targets the quantitative monitoring of AMR
dissemination in environmental compartments, research trends of recent years were evaluated
focusing on agricultural soil, wastewater, manure and food/feed ecosystems. The literature review was
performed taking into account experimental approaches based on quantitative PCR (qPCR) and using
appropriate keywords. Resulting ARG ranking was subsequently used to verify the relevance of gene
targets selected for the practical part of the work programme.

2.2.2. Practical work – quantification of ARGs in environmental samples

During the practical part integrative of the work programme, the fellow completed laboratory
tasks which included optimisation and validation of detection protocols, in particular: (i) validation
of TaqMan qPCRs for the quantification of ARGs with improved positive controls used for
generating standard curves for absolute quantification; (ii) validation of ARGs in a duplex approach
that allows to assess two targets simultaneously with a significant reduction of sample volume,
reagents and time necessary for the assay; (iii) determination of an optimal sample dilution to avoid
PCR inhibition for the qPCR assays based on 16S gene target; and (iv) quantification of core and
accessory ARGs in environmental samples (agricultural soil, forest soil, surface water) by qPCR with a
total of 26 gene targets assessed (Table 1) and over 10,000 assays performed.

A subsequent analysis of the obtained data executed by the fellow indicated trends in ARG
prevalence in agricultural soils with reference to fertilisation practice and their background
concentrations in naturally occurring ecosystems. The movement of ARGs between different
environmental compartments was assessed along with the impact of environmental conditions. Also, in
a field plot experiment where the field was separated into three single plots of the same size, the
variability of qPCR results between single plots and a composite soil sample representative of the
whole field was determined in a methodological approach.

Improving risk assessment of AMR along the food/feed chain and in agroecosystems
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2.2.3. Risk assessment training

In addition to training modules foreseen by the EU-FORA Fellowship, the fellow followed face-to-
face workshops with the hosting site experts on general issues related to risk assessment activities
including risk assessment in food/feed with focus on novel foods and chemical substances including
pesticide residues, heavy metals and veterinary medicinal products, classification and management of
monitoring and risk assessment data in the national system and their communication to EFSA,
introduction to the use of geographic information systems (GIS) for data projection, evaluation of risks
and dynamic trends.

The fellow participated in the regular weekly meetings on the current scientific work carried out by
the department group and in the OHEJP Working Group meetings and conferences on ongoing
international efforts to harmonise AMR risk assessment according to the One Health concept.
Supporting activities provided by the hosting site during the EU-FORA fellowship are summarised in
Table 2.

Table 1: Target genes quantified in soil and/or surface water samples

Target genes Resistance mechanism Inactivated class of antibiotics

Core targets

aph(3’)-IIa Antibiotic inactivation Aminoglycosides
aph(3’)-IIIa Antibiotic inactivation Aminoglycosides

blaTEM-1 Antibiotic inactivation b-lactams
ermB Target alteration Macrolides

sul1 Target replacement Sulfonamides
tet(W) Ribosomal protection Tetracyclines

vanA Target alteration Glycopeptides
16S – –

Accessory I ARGs
cmxA Efflux Amphenicols

ermF Target alteration Macrolides
mcr-1 Target alteration Peptide antibiotics (colistin)

qacED1 Efflux Quaternary ammonium salts
qnrS(rt11A) Target protection Fluoroquinolones (ciprofloxacin)

tet(A) Efflux Tetracyclines
Accessory II ARGs

blaOXA-10 Antibiotic inactivation b-lactams
dfrA1 Target replacement Diaminopyrimidine antibiotics (trimethoprim)

sat-4 Antibiotic inactivation Streptothricin
tet(M) Target alteration Tetracyclines

tet(O) Target alteration Tetracyclines
blaCTX-M-1-15 Antibiotic inactivation Cephalosporin

blaGES-1 Antibiotic inactivation b-lactams
blaKPC Antibiotic inactivation Carbapenems

blaNDM-1 Antibiotic inactivation Carbapenems, penicillins
blaVEB-1 Antibiotic inactivation b-lactams

mecA Antibiotic target replacement Carbapenem, cephalosporin, penam, cephamycin,
monobactam

aph(6)-Id (strB) Antibiotic inactivation Aminoglycosides

ARGs: antibiotic resistance genes.
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3. Results

The investigation of ARGs in natural ecosystems and those impacted by human activities is crucial
due to uneven availability of data across environments and sources. In particular, occurrence and
movement of ARGs from non-point sources to soil, plants and plant/animal food products, are less
characterised (FAO, 2019). Although the mechanisms of AMR spread are widely described, the transfer
of ARGs encoded on exDNA remains poorly evaluated and has been identified as the main knowledge
gap in AMR assessment. The analysis of available literature data during the fellowship revealed that,
besides background knowledge on exDNA behaviour in soil, little is known about the abundance of
exDNA encoding ARGs in farmlands, its uptake by resident bacteria and persistence under various
environmental conditions; even less is know when considering the food/feed chain and very few
studies investigating exDNA-related ARGs in crops have been published so far.

One step ahead has been performed by assessing the transfer of ARGs via exDNA during cultivation
of vegetables. A probabilistic modelling performed based on experimental data showed that the
presence of exDNA in a cultivation system constitutes a key factor impacting the transformation rates
of competent soil bacteria. Detailed description of the probabilistic model and outcomes will be
published in a peer-review journal (in preparation).

The analysis of ARGs most frequently quantified using qPCR technique in farmlands, agricultural
wastewater, manure and food/feed over the last years provided a ranking of gene targets relevant due
to their frequency in the studies matrices, impact on human health (i.e. presence in pathogenic
bacteria), determination of resistance covering various antibiotic classes occurring through different
mechanisms. The ranking showed that 18 out of 22 most studied ARGs have been included in the
qPCR analysis within the MARGINS projects, reflecting a widely recognised relevance of these targets
for AMR assessment (Figure 1). Further analysis of ARG quantitative data generated during the
practical part of the fellowship will show potential associations with agricultural practice, climate and
site conditions as well as the extent to which AMR determinants spread across environments.

Table 2: Training and supporting activities provided by the hosting site

Type of activity Title/subject Date/frequency

Trainings and
workshops

Characterisation of exposure pathways of antimicrobial ARGs in
naturally occurring ecosystems (agricultural soils, surface,
ground and wastewater and along the food/feed chain)

8 February 2021

Modelling and simulation of the spreading of infectious
diseases and antimicrobial resistance genes using probabilistic
modelling

9 February 2021

Quantitative microbiological risk assessment (qMRA) for
evaluation of AMR dissemination in natural environments (soil,
water; food/feed chain

10 February 2021

Monitoring of AMR in the environment: case studies based on
MARGINS and ANTIVERSA projects

15 and 16 February 2021

Processing of laboratory and monitoring data for internal
reporting and generation standardised reports for stakeholders
(Data management)

11 and 19 March 2021

Internal webinar on C. difficile - the environmental perspective 12 March 2021
Compilation of risk maps using Geographical Information
System

8 April 2021

Introduction to risk assessments along the food/feed chain 19 and 27 April 2021
Meetings Group/Department meetings Weekly

OHEJP FED-AMR Working Group meetings Monthly
Other activities Introduction to the Reference Laboratories of Molecular Biology

and Method Development
4 May 2021

Introduction to the Reference Laboratory of Microbiology 5 May 2021

OHEJP: One Health European Joint Programme.
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4. Conclusions

Overall, the fellow acquired skills in defining the spreading pathways of AMR, ARGs and
ARB along the environment–animals–humans axis. Increasing the conceptual knowledge underlying
AMR development upon exposure to antibiotics with reference to natural conditions, being a primary
objective of the work programme, introduced the fellow to further steps during the fellowship, such as
definition of existing knowledge gaps in the current state-of-the-art, which particularly refer to very
limited availability of quantitative data for specific ARGs present in environmental compartments.

The work programme allowed the fellow to gain practical knowledge in validation, optimisation and
execution of analytical protocols for the quantification of clinically relevant ARGs in farmlands and
connected environments. Through this activity, the fellow participated in the first environmental ARG
quantification project at national level required for narrowing quantitative data gaps in the assessment
of ARG dissemination pathways from the source to distanced environments. Also, by collecting data on
the advancement of quantitative microbiological risk assessment (qMRA) models for AMR, the fellow
acquired practical and theoretical basis for evaluating their suitability and applicability in environmental
compartments as well as their overall potential for improvement of AMR risk assessment strategies.

5. Disclaimer

Detailed outcomes of the ARG quantification, data collection on the role of exDNA on AMR
dissemination, ranking of ARGs for monitoring purposes and probabilistic modelling approach are
intended to be published in peer-review journals (currently in preparation). In order to avoid copyright
claims, they were not included in the present report.
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Abstract

Endocrine disruptors (EDs) are chemical substances that interfere with the endocrine system, adversely
affecting human health and environment. Legislation with aim to eliminate and ban EDs have been
introduced in EU, but the identification of EDs remains challenging and crucial step towards regulation
and risk management. A guidance for ED assessment has been recently established for pesticides and
biocides in the EU, which heavily relies on traditional toxicological testing in vivo. Most notably lacking
mechanistic methods for some ED modalities and not covering many other modalities that might be
affected by EDs. In this project, we focus on the ED assessment according to the valid legislation and
explore the possibility to employ alternative methods to bolster the mechanistic understanding of the
ED effects and eventually decrease the need for in vivo testing. We selected a well-studied industrial
chemical perfluorooctanesulfonic acid (PFOS) to be a model compound in a case study for ED
assessment where the EU criteria were applied in the frame of human health risk assessment with
focus on thyroid disruption and developmental neurotoxicity. A systematic literature review has been
conducted for these effects (Scopus, Pubmed, Embase), and relevant studies were selected by title/
abstract screening (RAYYAN) and full-text examination. Selected studies were assessed for reliability
(SciRAP), and all relevant data were extracted into a database and assessed by Weight of Evidence
(WoE) approach. The initial analysis showed potential endocrine adverse effects and endocrine activity,
meeting the ED criteria. The use of mechanistic and alternative methods enhanced the outcomes of
WoE assessment. Also, the study provides a great hands-on experience with the most up-to-date
development in the area of risk assessment and EDs.
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1. Introduction

The endocrine disruptive substances are one of the major challenges in current EU chemical
regulation. There is legislation in place for substances with endocrine disrupting properties in the EU
regulations for Plant Protection Products (PPP, Regulation, EC No 1107/2009) and Biocidal products
(BP, Regulation, EU No 528/2012). Scientific criteria for identifying endocrine disrupting properties
within the PPP and BP legislative frameworks were implemented in guidance developed by the
European Food Safety Authority (EFSA) and the European Chemicals Agency (ECHA) and published in
2018 (ECHA/EFSA, 2018). The European Commission stated the aim of developing a horizontal
approach to identify endocrine disruptors (EDs) across different EU chemical legislations (EC
Communication, 2018). The criteria for identification of EDs are based on the compounds’ ability to
cause an adverse effect, presence of an endocrine Mode of Action (MoA) and the adverse effect as a
consequence of the endocrine MoA (ECHA/EFSA, 2018). The regulatory assessment of EDs thus
requires extensive animal testing to identify toxicological effects, as well as a high level of
understanding the toxicity mechanism. The PPP and BP regulations further state that the identification
of an ED should be carried out by making use of all relevant data, using systematic review
methodology and Weight of Evidence (WoE) approaches. The need for systematic and transparent
approaches for collecting, evaluating and integrating toxicological data for health risk assessment of
environmental factors, including chemicals, has been recognised during the last years (Whaley et al.,
2016).

The focus of this project was to investigate the application of the ED criteria and guidance for PPPs
and BPs in other regulatory frameworks, such as REACH. Important part was to explore systematic
approaches that maximise the use of mechanistic data from non-animal tests and new approach
methodologies (NAMs) to facilitate ED assessment. The main focus was on NAMs using modern in vitro
methods and biomarker assays including omics studies, the links towards the apical effects in vivo and
their application in hazard and risk assessment. The fellow did get familiar with the legislation related
to the assessment of EDs as well as the most current developments in the field via conducting
literature review. Based on the collected information a case study was designed where combination of
in vitro, in vivo and mechanistic data (transcriptomics) is being utilised for an ED and risk assessment
and which is currently being conducted.

1.1. ED Assessment

Despite differences in the regulatory requirements across legislations (REACH, cosmetics, plant
protection products, biocides, etc.), the current ED assessment approach has largely been built around
animal studies as adequate models for prediction of potential adverse effects in humans (Knight et al.,
2021). However, it is known and accepted that animal studies alone may fail to predict some adverse
effects (Takasuna et al., 2017). In addition, for a long time, there has been an ethical concern with the
excessive or avoidable use of experimental animals. Directive 2010/63/EU of the EU on the protection
of animals used for scientific purposes unambiguously fosters the application of the principle of the
3Rs (i.e. Replacement, Reduction and Refinement of animal testing) when considering the choice of
methods to be used. The EU Cosmetics Regulation has gone furthest and banned animal testing of
cosmetics altogether both as finished products and certain categories of regulated ingredients. Our
work focuses on the assessment outlined in the ECHA/EFSA, (2018) guidance.

1.2. New approach methodologies

Recent regulatory and research activities emphasise the inclusion of modern mechanistic in vivo as
well as in vitro assays in (eco)toxicological risk assessment, including ED assessment of chemicals. The
current regulatory approach for identification of EDs focuses on so-called EATS (oestrogen, androgen,
thyroid and steroidogenesis) pathways as targets of EDs and defined MoAs while other potentially
relevant MoAs should be considered on a case-by-case basis, depending on available evidence (ECHA/
EFSA, 2018). Furthermore, even for the EATS modalities, there is only a handful of validated
alternative methods for screening and detection to recognise the endocrine activity, since generally the
established methods largely rely on mammalian in vivo experiments and histopathology. The in vivo
tests present ethical and economical concerns as well as scientific doubts since these methods are in
many cases used mainly for historical reasons while there are more relevant methods available (Knight
et al., 2021). There is a large interest from risk assessors, risk managers, researchers and NGOs for
comprehensive assessment of applicability and utilisation of new methods, and the EU has an
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expressed ambition to reduce the number of animals used for toxicity testing and research purposes
(Directive, EC 2010/63/EU). However, the use of non-animal methods for assessment of chemicals in
the regulatory setting requires that the mechanistic data generated from such methods can be reliably
linked to the adverse health effect that is being predicted. The adverse outcome pathway (AOP)
framework provides a means for increased mechanistic understanding and can be used as structured
approach for causally linking early events on molecular and cellular levels to adverse health effects
relevant for regulatory hazard and risk assessment of chemicals (Ankley et al., 2010).

There is consensus that the most sensitive window of exposure to EDs is during important periods
of development, such as foetal development or infancy (Diamanti-Kandarakis et al., 2009). Exposure to
EDs during these periods may cause permanent adverse effects later in life. It is also generally
recognised that EDs can interfere with endocrine system in various ways. So far, the focus was mainly
limited on a number of endocrine modalities, i.e. EATS. However, it has been shown that other aspects
of the endocrine system and physiology can be sensitive to EDs as well (Grignard et al., 2020). There
is also increasing evidence showing that EDs can work together to produce additive effects (‘mixture
effect’) so that exposure to a combination of EDs may produce an adverse effect at concentrations at
which individually no effect has been observed (Thrupp et al., 2018).

However, knowledge gaps still exist. These relate in particular to issues with the classification and
assessment of the potential consequences that might results from exposure to EDs. These relate for
example to unknown impact of exposure to EDs on disease development, wildlife and ecosystems.
Also, there is the ongoing controversy whether and potentially how some basic toxicological principles
such as ‘safe threshold’ are applicable to EDs (Knight et al., 2021). In this context, there is often only
limited understanding of the specific contribution of chemical exposure and the way to separate it from
other possible causes of the negative impacts being investigated. There is recognised need for better
understanding of the mode of action of the endocrine disruption and need for new methods that will
better address those needs (Pistollato et al., 2021).

Major efforts are being made and rapid development is seen in research towards new approach
methodologies (NAMs) for chemical safety assessment largely driven by interest in regulatory needs
(Mon�e et al., 2020). The ultimate goal of modernised next generation risk assessment (NGRA) is to
develop a new approach in which adverse effects are inferred from upfront mechanistic understanding
rather than using extensive animal studies (Luijten et al., 2020). Although animal models are currently
the standard in predicting adverse human health effects, the correlation between animal models and
human health effects is being questioned. Novel methods that would replace the traditional animal
testing include batteries of in silico (QSARs, PBPK) and in vitro assays that would determine the MoA
and allow accurate modelling of expected toxicity. However, lack of validated methods (and robust
data to base those models on) as well as lack of funding hinder development of such models (Knight
et al., 2021). Another driver for this transition is the long-term desire in general population to minimise
animal testing. A better mechanistic understanding of toxicological MoA may provide in vitro testing
methods that more closely represent human biology and accordingly give more accurate predictions
(Krewski et al., 2020). To secure a mechanistic basis, the knowledge of toxicological mechanisms
needs to be organised in a systematic and transparent manner. Furthermore, such organisation will
reveal where appropriate tools and methods are lacking and further investments are needed.

1.3. Adverse Outcome Pathways

The global aim of shifting towards the development of new assessment methods require
maximising the use of existing toxicological knowledge. The AOP framework summarise and makes
available knowledge about toxicological pathways. Within the efforts of modernising the chemical risk
assessment, the AOP framework has prominent place. It can be the major instrument to support the
use and interpretation of non-animal and mechanistic data for drawing conclusions about potential
health effects of chemicals, as well as for the identification and assessment of EDs. Essentially, AOPs
are linear constructs describing biologically plausible chains of events linking a molecular initiating
event (MIE), in which the stressor perturbs the biological system, to a series of intermediate key
events (KEs) at different levels of biological organisation. The existing link between an upstream KE
and a downstream KE in an AOP is called key event relationship (KER). At the other end, the AOP is
anchored by an adverse outcome (AO) at the organism or population level (Knapen et al., 2020). The
most promising development is formation of quantitative AOPs (qAOP) that provide detailed
quantitative understanding of the relations between KEs which would provide ideal tool for connecting
mechanistic information with adversity (Spinu et al., 2020).
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2. Description of work programme

2.1. Aims

The main goal of the project was to apply the current regulatory rules for ED assessment in a case
study with perfluorooctanesulfonic acid (PFOS) and expand the assessment for utilisation of alternative
methods beyond classical mammalian models towards hazard and risk assessment in humans. The aim
was to explore the possibility of utilisation of the mechanistic data produced by NAMs within the
regulatory criteria for ED assessment and the potential of inferring adversity in humans with limited or
no animal data.

2.2. Methods

In the presented case study, we focused on PFOS as a model compound. PFOS was selected
because it is a well-studied compound for which we could reliably collect sufficient data on both
classical studies (e.g. in vivo mammalian) as well as studies using NAMs. PFOS is also generally
discussed as an ED in the research community but has not been officially assessed and identified as
such according to the regulatory criteria. It was therefore of interest to explore to what extent PFOS
fulfil the criteria laid out in the regulations while having sufficient data to explore the use of NAMs
within the assessment. In our case study we follow the scientific criteria set in the EFSA/ECHA
guidance for ED assessment (ECHA/EFSA, 2018) to collect and evaluate available data. We introduced
several advancements compared to the guidance by limiting the focus on specific modality only
(Thyroid modality only, to make the project manageable in the given time-frame) and including
alternative methods in the assessment.

Vast amounts of literature are available on PFOS, covering many aspects of its toxicity in humans
and wildlife. There are also several EFSA opinions available on the health risks of PFOS with
comprehensive summary of available data and risk assessment for various toxicities with described
effects on neurotoxicity, metabolic disruption, immunotoxicity, developmental toxicity (EFSA CONTAM
Panel, 2018, 2020). However, the risk assessment predominantly focuses on mammalian toxicity with
limited or no mechanistic data for most toxicities and with almost complete lack of any mechanistic
insight for, e.g., neurotoxicity. There is an apparent gap in current risk assessment approaches that
needs to be addressed. In recent years PFOS has remained of high interest and new studies exploring
the mechanisms of its toxicity are being published continuously. Notably, there are several proposed
mechanisms for the neurotoxicity and developmental neurotoxicity that would suggest effects in
general populations and might be able to provide biologically plausible link between the effects on
molecular level and effects observed in epidemiology studies relating to IQ and other neurological
impairments.

2.2.1. AOP network

The search for relative information of PFOS, as well as selection and organisation of retrieved data,
was supported by use of relevant available AOPs. As a first step, an AOP-wiki screening was conducted
to collect the AOPs that provide information on EATS-mediated toxicity pathways. AOPs relevant for
EATS were identified in the AOP Wiki by searching for specific toxicological effects and parameters
listed as relevant for ED assessment in the ECHA/EFSA guidance (2018). The identified AOPs were
manually sorted and combined into an AOP network at common KEs (details on network construction
in Appendix A). For this case study, further refinement was made to focus only on AOPs relevant for
thyroid hormone (TH) disruption and developmental neurotoxicity (DNT) and a subnetwork was
constructed (Appendix A). The information from the TH and DNT AOP network was used as a basis for
identifying relevant search terms and constructing a search strategy to identify relevant toxicity data
from the scientific literature related to thyroid disruption and effects on neurodevelopment (list of the
KEs and related AOPs in Table 1).

2.2.2. Systematic literature search

Search of available peer-reviewed literature was conducted to collect data to support the proposed
endocrine disruption property of PFOS disrupting thyroid hormone balance and ultimately causing
developmental neurotoxicity. Specific queries were constructed for individual databases based on
information collected from the AOP network and initial literature information. The detailed queries for
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individual databases are listed in Appendix B. The search was conducted in widely used scientific
literature databases Scopus, PubMed and Embase. Two steps were applied for the studies selection
from the search: (1) screening by title and abstract, and (2) full-text examination. Title and abstract
screening was independently performed by the fellow and one more reviewer using the RAYYAN tool
(https://rayyan.qcri.org/). Differences between the reviewers were resolved through discussion. The
included and excluded studies were critically identified after defining the problem formulation (scope,
scientific needs/objectives and feasibility and the eligibility (inclusion/exclusion) criteria, according the
EFSA systematic review methodology (EFSA, 2010). Studies meeting the eligibility criteria were kept
for next screening step. Studies clearly not relevant to the problem formulation or meeting the
exclusion criteria were excluded. When exclusion could not be made based on the title/abstract,
studies were kept for subsequent full-text examination performed by the fellow. A deep examination at
full-text level was then performed by the fellow for the screened studies, where those considered that
met the eligibility criteria were included into and classified into epidemiological (as supporting
information), in silico, in vitro, in vivo mammalians, and in vivo non-mammalians.

2.2.3. Data collection and evaluation

According to the systematic search method, studies were assessed for relevance against inclusion
criteria in two steps: (1) screening of titles and abstracts for relevance to the study question, and (2)
full-text examination for the eligibility of studies (EFSA, 2010). Therefore, assessment of relevance at
this stage was considered as a confirmation and only two categories (relevant and partially relevant)
were included since the not relevant studies were excluded at the previous steps after the literature
collection. The relevant studies were then assessed for reliability (inherent quality of the test method
and level of reporting) by the online web-tool Science in Risk Assessment and Policy – SciRAP (https://
www.scirap.org). SciRAP provides pre-defined criteria and a colour-coding tool aimed to promote
structure and transparency in the evaluation toxicity (in vitro and in vivo) studies for hazard and risk
assessment of chemicals. When a study contained both in vitro and in vivo individual SciRAP
evaluations were performed for the endpoints. The SciRAP score was converted into Klimisch reliability
criteria (reliable without restriction, reliable with restriction, not reliable and not assignable) which
were then use for the purpose of the WoE assessment according to systematic approach previously
described in Ingre-Khans et al. (2020).

2.2.4. Weight of evidence assessment

The extracted parameters along with the study quality assessment scores were assembled into lines
of evidence for the groups (a) thyroid-related endocrine activity, (b) thyroid and nervous system
adversity, and (c) general toxicity. Each group was subdivided into categories based on the nature of
the data addressing specific endpoints or MoAs. Each individual line of evidence was assessed

Table 1: Table of terms extracted from the available AOPs and literature for the systematic search
of information on PFOS and TH disruption and DNT (Detailed queries in the Appendix B)

Associated AOP ID Event ID
Event
type

Event name

[42, 54, 128, 134, 159, 175, 176, 188, 271] 277 KE Decreased thyroid hormone synthesis

[42, 119, 159, 175, 271] 279 MIE Thyroperoxidase inhibition
[8, 42, 54, 134, 152] 280 KE Decreased thyroxine (T4) in neuronal tissue

[8, 42, 54, 134, 152, 159, 175, 176, 366,
367]

281 KE Decreased thyroxine (T4) in serum

[54] 341 AO Impairment of learning and memory

[54] 381 KE Reduced levels of BDNF
[54] 385 KE Decrease of synaptogenesis

[54] 386 KE Decrease of neuronal network function
[42, 134, 152, 300] 402 AO Decreased cognitive function

[8, 42, 134, 152, 300] 756 KE Altered hippocampal gene expression
[8, 42, 134, 152, 300] 757 KE Altered hippocampal anatomy

[8, 42, 134, 152, 300] 758 KE Altered hippocampal physiology

[54] 851 KE Decrease of GABAergic interneurons
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considering the quantity and quality of both the studies and the included parameters, as well as their
coherence dose/concentration–response, consistency among studies and repeatability for the line of
evidence. Each line of evidence was assessed, and evidence was categorised into five groups: Strong,
Moderate, Weak and No evidence for an effect and No evidence available. The evidence assembled
was then used to draw conclusion whether sufficient evidence is available for endocrine disruptive
effects for the proposed modality of thyroid disruptions and adversity of developmental neurotoxicity.

2.3. Activities

The fellow participated in regular group meeting during the placement at IMM, KI and engaged in
discussion with multiple out of the team colleagues. Despite the challenging circumstances and limited
time when personal meetings were possible, fellow also participated in following activities:

▪ Preparation and moderation of a IMM organised webinar Next Generation Approaches for
Regulatory Assessment of Endocrine Disruptors, October 28, 2021

▪ Meetings and discussions with collaborators from University of Antwerp discussing the AOP
networks and further applications, October 2021–January 2022

▪ Participation in webinars focusing on NAMs

o Endocrine disruption as a mechanism of developmental Neurotoxicity (DNT), September
15, 2021, hosted by International Neurotoxicology Association, (virtual; https://www.
neurotoxicology.org/ina-webinars/)

o 10th Annual Meeting of the ASCCT, ‘Practical applications of new tools in toxicology’
October 12-14, 2021 (virtual; https://www.ascctox.org/annualmeeting)

▪ Planning with colleagues from unit about next generation risk assessment report that should
be prepared in future.

▪ European commission Third Annual Forum on Endocrine Disruptors (https://ec.europa.eu/
environment/events/third-annual-forum-endocrine-disruptors_en).

▪ Activities related to oversight and management of student projects of Sara Caccia (master
project) and Linus Wiklund (PhD project) within the unit.

▪ Attending lectures on relevant topics within IMM.

3. Conclusions

Exploring and implementing innovative non-animal-based approaches requires a long-term and
focused development effort that is complemented with well-planned and funded research. How to
reach implementable outcome is not yet clear. To apply these approaches once developed, the relevant
EU legislation and guidance as well as regulatory practice will have to be updated. In particular,
combining NAMs with standard methods to strengthen the evidence for regulatory needs, i.e. read-
across and WoE, and their potential use as screening and priority setting tools to identify compounds
of regulatory interest. There is also the opportunity re-consider the safety evaluation in general to
adopt predictive toxicology especially the costs, the ethics and the usefulness of animal studies, and to
expand the role of monitoring exposure post market with the aim to achieve at least the same level of
protection without cross validation to animal studies.

It should be possible to improve the identification of adverse effects that are not addressed by
current validated toxicology studies and at the same time aim towards reducing the use of animals for
toxicity testing. In this regard, the AOP concept is an important development. It should help to
formalise toxicological base and evidence for development of a testing battery based on in silico and
in vitro methods to allow predictive toxicology and inform on the adversity or at least help with
prioritisation. The overall conclusion from predictive toxicology for a compound must be clear on how
it was made and what is the associated level of uncertainty. A key challenge for new safety
assessment approaches is therefore to agree on what constitutes adequate evidence to justify non-
animal-based safety testing and assessment approaches. One of the main concepts is the acceptance
of non-animal data as reliable predictors for health effects in humans. The key issues to promote that
are to develop and employ standards for NAM data, including the biological relevance of the methods,
and data integration approaches to conclude on the safety assessment. Additional challenge is
adapting the training and skills of future risk assessors that will need better understanding of the new
methods and concepts. That brings substantial requirements on the risk assessors in terms of
expertise in very wide field from QSARs and in vitro assays to biomarkers and omics. It will require
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further resources and coordinated approach to prepare the next generation risk assessors that will be
a match to the next generation risk assessment.
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Appendix A – AOP Network construction

AOPs from the OECD AOP-Wiki 2.4 were investigated manually to develop the derived AOP
network. The full list of linear AOPs available in the AOP-Wiki database was the starting point for our
search. The linear AOPs were collected April 9th, 2021, and the last check was performed in July 2021.
The list of linear AOPs relevant to EATS modalities was manually extracted by assessment of the
Abstract, the Background (if present) and the Overall Assessment sections for each extracted AOP as
well as analysing their graphical representation displayed into the AOP-Wiki. An additional refining step
was applied to isolate from the EATS-related AOPs list the ones that could be considered specifically
Thyroid-related. At this purpose, another single-concept querying of the AOP-Wiki database was
performed: the sorting procedure started from the previously collected AOPs retrieved typing the
general key word ‘Thyroid’ into the AOP-Wiki database. A new systematic search in the AOP-Wiki
followed employing only those parameters that in the ED GD are reported as indicative of thyroid
modalities (Indicative of T modality) as search terms for developing a TH-related AOPs list. The list of
linear AOPs manually extracted from the AOP-Wiki database applying the strategy was further
inspected to exclude those AOPs that, even if retrieved through a single-concept querying based on
TH-parameters, were erroneously included in the selection. This procedure was again performed by
assessing the Abstract, the Background (if present) and the Overall Assessment sections for each
extracted AOP as well as analysing their graphical representation displayed into the AOP-Wiki.
Eventually, matches among the collected AOPs and the previously refined EATS-related AOPs list were
highlighted obtaining the final refined TH-related AOPs list. The search was performed in the AOP-Wiki
database on 26 May 2021, and the last check was performed in July 2021.

Cytoscape 3.8.2 (https://cytoscape.org/) was employed to model both the EATS-related and TH-
related AOP-networks. This open-source software platform enables its users to generate a wide variety
of networks either manually or importing data tables (e.g. Excel spreadsheets containing interaction-
data between biological pathways); additionally, the program provides a basic set of features for data
integration, analysis, and visualisation. The full content of the AOP-Wiki is available in an XML format
(https://aopwiki.org/downloads/aop-wiki-xml.gz). Additional files with specific subsets of content are
also accessible for users who don’t wish to analyse the full XML documents; however, these files are
daily updated and replaced with no permanent backups. In this project, for the generation of the
EATS-related and TH-related AOPNs the download and use of the XML files was used in combination
with information from tab-separated files (.tsv) that were downloaded from the AOP-Wiki platform
(https://aopwiki.org/info_pages/5) on 4 July 2021. Since these files have no permanent backups in the
AOP-Wiki platform, their original version will be conserved and made available for reproducibility
purposes. For extraction of data from the xml file (downloaded on 4th July, 2021) modified R code
from Pollesch et al. (2019) was used to extract information about biological level relevance and AOP
status information.

The downloaded documents were processed employing KNIME Analytics Platform (https://www.
knime.com/knime-analytics-platform), an open-source software that offers visual workflows for data
analytics with an intuitive, drag and drop style graphical interface and for which no complex coding is
required. Among all, KNIME enables to combine and handle data in simple text formats. Using KNIME’s
features, in both EATS- and TH-related tables a new attribute named ‘Associated AOP Ids’ was created
and assigned to each listed KE and added to the downloaded tables in a dedicated column. This newly
generated information lists in square brackets all the concatenated AOP Ids the referred KE belongs to
and is essential to obtain an automatic AOPN mapping employing Cytoscape. Eventually, data coming
from the three downloaded.tsv Files were merged in two distinct Excel tables (one for EATS-related
and one for TH-related AOPs). Those tables were based on the Key Event Relationships File to which
data from Key Events and Key Event Components File were attached (link-up was set for the Upstream
Event Id in each KER and Event Id in the Key Events file; KEs without KERs were attached at the end
of the table). Two additional data columns were added to the tables named ‘Label’ (combining the
following attributes taken from Key Event file: Event Id, Event Type, Event Name and Associated AOP
IDs) and ‘Rel. Label’ (combining the following attributes taken from KE Relationships File: Relationship
Id, Associated AOP Ids). Importing in Cytoscape the unified Excel spreadsheets, two networks were
automatically generated and graphically displayed using the program’s default mapping features.
These were promptly customised applying a series of graphical changes working manually on
Cytoscape’s Style interface. An accurate refinement of both networks was obtained through the
following passages: first, a specific geometrical shape was addressed to each node according to its KE
Type property as shown in Figure. An edge target arrow shape was then defined to enable the visual
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understanding of the AOP of interest and facilitate the KEs along the path itself. The edges’ look was
further made to correspond to the KER’s Adjacency applying a continuous and a dashed line fashion
for adjacent and non-adjacent relationships respectively (Figure A.1).

KE: 1116 Decreased, 
Triiodothyronine (T3) in tissues; 

AOPs[189, 190] 

MIE: 239 Activation, Pregnane-X 
receptor, NR1l2; AOPs[8] 

KE: 825 Decreased, Renal ability to 
dilute urine; AOPs[128] 

KE: 1007 Reduced, Anterior swim 
bladder inflation; AOPs[156, 158, 

159]

KE, MIE: 277 Thyroid hormone 
synthesis, Decreased; AOPs[42, 
54, 128, 134, 159, 175, 176, 188, 

271]

MIE: 957 Binding, Transthyretin in 
serum; AOPs[152, 366] 

KE: 1005 Reduced, Swimming 
performance; AOPs[155, 156, 157, 

158, 159] 

AO: 341 Impairment, Learning and 
memory; AOPs[54] 

KE: 958 Displacement, Serum 
thyroxine (T4) from transthyretin; 

AOPs[152]

AO: 351 Increased Mortality; 
AOPs[155, 156, 157, 158, 159] 

KE: 381 Reduced levels of BDNF; 
AOPs[54]

KE: 961 Increased, Clearance of 
thyroxine from serum; AOPs[152] 

MIE: 1009 Inhibition, Deiodinase 1; 
AOPs[157, 158, 189] 

KE: 813 Increased, Serum 
creatinine; AOPs[128] 

KE: 960 Increased, Uptake of 
thyroxine into tissue; AOPs[152] 

KE: 1020 Increased, induction of 
UDPGT's in liver; AOPs[162] 

KE: 851 Decrease of GABAergic 
interneurons; AOPs[54] 

KE: 1021 Increased, T4/T3 
catabolism; AOPs[162] 

MIE: 279 Thyroperoxidase, 
Inhibition; AOPs[42, 119, 159, 175, 

271]

KE: 1022 Decreased, serum T4/T3; 
AOPs[162]

KE: 788 Decrease, Incorporation of 
active iodide into iodotyrosines; 

AOPs[119]

KE: 1023 Increased, 
Thyroid-stimulating hormone 

(TSH); AOPs[162, 190] 

KE: 280 Thyroxine (T4) in neuronal 
tissue, Decreased ; AOPs[8, 42, 54, 

134, 152] 

KE: 1024 Increased, Hypertrophy 
and proliferation (follicular cell); 

AOPs[162]

KE: 757 Hippocampal anatomy, 
Altered ; AOPs[8, 42, 134, 152, 300] 

KE: 1828 Increased, Thyroxine (T4) 
in serum; AOPs[190] 

KE: 758 Hippocampal Physiology, 
Altered; AOPs[8, 42, 134, 152, 300] 

KE: 1025 Increased, Hyperplasia 
(follicular cells); AOPs[162] 

KE: 285 Reduction, Vitellogenin 
synthesis in liver; AOPs[271] 

AO: 1026 Increased Apoptosis, 
Adenomas/carcinomas (follicular 

cell); AOPs[162] 

KE: 295 Induction, Upregulation of 
glucuronyltransferase activity; 

AOPs[8]

AO: 1101 Altered, Amphibian 
metamorphosis; AOPs[175, 176, 

188, 189, 190, 191, 366, 367] 

AO: 319 Loss, Cochlear function; 
AOPs[8]

KE: 1829 Altered, Thyroid 
hormone-dependent gene 

expression; AOPs[190, 191] 

AO: 360 Decrease, Population 
trajectory; AOPs[155, 156, 157, 

158, 159] 

MIE: 1152 Inhibition, Iodotyrosine 
deiodinase (IYD); AOPs[188] 

KE: 385 Decrease of 
synaptogenesis; AOPs[54] 

KE: 425 Decrease of Thyroidal 
iodide; AOPs[54, 134, 176, 188] 
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network function; AOPs[54] 
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KE: 408 reduction in ovarian 
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MIE: 1153 Inhibition, Deiodinase 3; 
AOPs[191]

MIE: 424 Inhibition, Na+/I- 
symporter (NIS); AOPs[54, 134, 
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KE: 1154 Increased, 
Triiodothyronine (T3) in tissues; 
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KE: 818 Occurrence, Cytoplasmic 
vacuolization (Renal tubule); 

AOPs[128]

KE: 1158 Increased, Hepatic 
thyroid hormone uptake/transport; 

AOPs[366, 367] 

KE: 823 Occurrence, Cystic 
dilatation (renal tubule); AOPs[128] 

KE: 281  Thyroxine (T4) in serum, 
Decreased; AOPs[8, 42, 54, 134, 

152, 159, 175, 176, 366, 367] 

KE: 824 Occurrence, Cytoplasmic 
vacuolization (podocyte); 

AOPs[128]

KE: 401 Increase, Biliary excretion 
TH glucuronide; AOPs[8, 366, 367] 

MIE: 737 Decreased, Uptake of 
inorganic iodide; AOPs[110] 

MIE: 1656 Antagonism, Thyroid 
Receptor ; AOPs[300] 

KE: 771 Decrease, Serum thyroid 
hormone (T4/T3); AOPs[110, 119] 

AO: 402 Cognitive Function, 
Decreased ; AOPs[42, 134, 152, 

300]

KE: 739 Increase, Hypertrophy and 
proliferation (follicular cell); 

AOPs[110, 119] 

KE: 756 Hippocampal gene 
expression, Altered ; AOPs[8, 42, 

134, 152, 300] 

KE: 740 Increase, Hyperplasia 
(follicular cells); AOPs[110, 119] 

KE: 1830 Displacement, Serum 
thyroxine (T4) from carrier protein; 

AOPs[366, 367] 

AO: 741 Increase, 
Adenomas/carcinomas (follicular 

cell); AOPs[110, 119] 

KE: 959 Increased, Free serum 
thyroxine (T4); AOPs[152, 366, 367] 

KE: 753 Increase, 
Thyroid-stimulating hormone 

(TSH); AOPs[110, 119] 

MIE: 1831 Binding, Thyroid binding 
globulin in serum; AOPs[367] 

AO: 814 Occurrence, Kidney 
toxicity; AOPs[128] 

MIE: 1002 Inhibition, Deiodinase 2; 
AOPs[155, 156, 190] 

KE: 219 Reduction, Plasma 
17beta-estradiol concentrations; 

AOPs[271]

KE: 819 Decreased, Glomerular 
filtration; AOPs[128] 

KE: 1003 Decreased, 
Triiodothyronine (T3) in serum; 

AOPs[155, 156, 157, 158, 159, 189] 

KE: 221 Reduction, Plasma 
vitellogenin concentrations; 

AOPs[271]

KE: 820 Decreased, Renal plasma 
flow; AOPs[128] 

KE: 1004 Reduced, Posterior swim 
bladder inflation; AOPs[155, 157] 

AO: 78 Reduction, Cumulative 
fecundity and spawning; 

AOPs[271]

KE: 821 Decreased, Sodium 
reabsorption; AOPs[128] 

Figure A.1: Putative AOP Network of all KEs associated with AOPs that are related to Thyroid
hormone disruption and Developmental neurotoxicity. The network was generated by
using data from AOP-wiki (Accessed: 4 July 2021)
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Appendix B – Systematic literature search

Table B.1: Basis of the search query derived from the selected AOPs

Database Scopus PubMed (Abstract Sifter) Embase

CAS CASREGNUMBER(1763-23-1) – –

Compound ALL(PFOS OR
"Perfluorooctanesulfonic
acid" OR "Perfluorooctane
sulfonic acid" OR
"heptadecafluorooctane
sulfonic acid" OR
"Perfluorooctane sulfonate"))

("1763-23-1" OR PFOS OR
"Perfluorooctanesulfonic
acid" OR "Perfluorooctane
sulfonic acid" OR
"heptadecafluorooctane
sulfonic acid" OR
"Perfluorooctane sulfonate")

(’1763-23-1’:ti,ab,kw OR pfos:ti,ab,
kw OR ’perfluorooctanesulfonic
acid’:ti,ab,kw OR ’perfluorooctane
sulfonic acid’:ti,ab,kw OR
’heptadecafluorooctane sulfonic
acid’:ti,ab,kw OR ’perfluorooctane
sulfonate’:ti,ab,kw)

TH terms (TITLE-ABS(thyroid OR
"thyroid hormone*" OR
"thyroid gland" OR "thyroid
peroxidase" OR
"thyroperoxidase" OR "iodide
peroxidase" OR "thyroxine")

((thyroid OR "thyroid
hormone*" OR "thyroid
gland" OR "thyroid
peroxidase" OR
"thyroperoxidase" OR iodide
peroxidase OR "thyroxine")

(thyroid:ti,ab,kw OR ’thyroid
hormone*’:ti,ab,kw OR ’thyroid
gland’:ti,ab,kw OR ’thyroid
peroxidase’:ti,ab,kw OR
’thyroperoxidase’:ti,ab,kw OR
’iodide peroxidase’:ti,ab,kw OR
’thyroxine’:ti,ab,kw

DNT terms TITLE-ABS(hippocampus OR
hippocampal OR
synaptogenesis OR
"neuronal network*" OR
"cognitive" OR "GABAergic
interneuron" OR "neuronal
tissue*" OR learning OR
memory OR bdnf OR "brain
derived neurotrophic
factor*"))

(hippocampus OR
hippocampal OR
synaptogenesis OR
"neuronal network*" OR
"cognitive" OR "GABAergic
interneuron" OR "neuronal
tissue*" OR learning OR
memory OR bdnf OR "brain
derived neurotrophic
factor*"))

hippocampus:ti,ab,kw OR
hippocampal:ti,ab,kw OR
synaptogenesis:ti,ab,kw OR
’neuronal network*’:ti,ab,kw OR
’cognitive’:ti,ab,kw OR ’gabaergic
interneuron’:ti,ab,kw OR ’neuronal
tissue*’:ti,ab,kw OR learning:ti,ab,
kw OR memory:ti,ab,kw OR bdnf:
ti,ab,kw OR ’brain derived
neurotrophic factor*’:ti,ab,kw) NOT
[medline]/lim
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Abstract

The current report summarises the work performed in the context of the European Food Risk
Assessment Fellowship Programme (EU-FORA), which included the evaluation of health risks associated
with the consumption of botanical preparations of Mitragyna speciosa (kratom). Mitragyna speciosa is
a tree native to Southeast Asia, where its leaves and preparations of the leaves have been used for
centuries, among others, as a stimulant or as a traditional herbal medicine. Preparations of the plant
have recently gained increasing popularity in other parts of the world, and are presently also
accessible via online platforms, e.g. as food supplements. Kratom has been considered a botanical of
possible health concern by the FDA and EFSA, which together with its increasing popularity, makes
kratom a subject of international concern. Major alkaloids of the plant, mitragynine and 7-
hydroxymitragynine, are agonists of the l-opioid human receptor and are assumed to be mainly
responsible for its psychoactive effects. The aim of the present project was to conduct an assessment
of potential health risks associated with oral use of kratom-based preparations. The animal and human
data that were evaluated in the course of the current assessment indicate that kratom consumption
has the potential to not only lead to adverse neurological effects, including addiction and withdrawal
syndrome, but also to elicit distinct organ toxicity with respect to e. g. liver and kidney as target
organs. Nevertheless, actual risk characterisation is impeded by considerable uncertainties. Such
uncertainties, based on the variability in composition of kratom preparations, insufficient information
on dose–response relationships and on limited data on long-term use effects, currently do not allow
the derivation of distinct health based guidance values for kratom/kratom preparations. Further
information from well-designed studies, conducted with kratom preparations that have been clearly
defined with respect to their composition, would be required to enable a more refined risk assessment
of this botanical.
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1. Introduction

1.1. European Food Risk Assessment Fellowship Programme (EU-FORA)

The European Food Risk Assessment (EU-FORA) Fellowship Programme, supported by the European
Food safety authority (EFSA), aims to train and increase the number of food safety risk assessment
experts available in Europe. In this context, mid-career scientists are offered the opportunity to increase
their knowledge and experience in food safety risk assessment, by both theoretical and practical
training. The EU-FORA fellow participated in the general work programme entitled ‘Risk assessment of
botanical preparations used in food supplements and fortified foods’, that was hosted by the German
Federal Institute for Risk Assessment (BfR), Department of Food Safety, Unit of Nutritional Risks,
Allergies and Novel Foods. The work programme comprised the elaboration of a detailed scientific
monograph by the EU-FORA fellow that was to include the results of a safety assessment of a botanical
and its preparations, taking into account the EFSA guidance on safety assessment of botanicals and
botanical preparations intended for use as ingredients of food supplements (EFSA, 2009). The final
selection of Mitragyna speciosa (kratom) for the current safety assessment was made in agreement
between the hosting unit and the EU-FORA fellow.

1.2. General background regarding the risk assessment of Mitragyna
speciosa

Herbal products are often promoted as safe and effective alternatives to synthetic medicines. An
increasing interest in products perceived as being natural and the general misperception that natural
equals safe and is thus not associated with adverse effects, may lead to uncritical use of such products
by consumers. However, in many cases, botanicals and botanical preparations contain active
phytochemicals or complex mixtures of phytochemicals, respectively, that may potentially cause
adverse effects which in certain cases may even be life-threatening (Di Lorenzo et al., 2015; Marcus
and Grollman, 2015). Many of the products containing botanical preparations are sold as food
supplements. According to the current regulatory framework in the EU and the EU General Food Law
Regulation (EC) No 178/2002, food supplements are regulated as food. Food business operators,
manufactures and suppliers placing the product on the market are responsible for the safety of these
products.

Mitragyna speciosa, which is also called kratom, is a tree native to Southeast Asia. Its leaves have
been used in the area for centuries as a traditional herbal medicine for the treatment of several
illnesses and pain relief, but also by labour workers in order to increase their stamina. The most
common traditional way of use is by chewing or by preparing an infusion of the leaves as tea. During
the last decade, botanical preparations from Mitragyna speciosa have increasingly also been used in
other parts of the world, such as in the United States and Europe. They are often being promoted as
food supplements – most commonly in the form of powder, pills and capsules or leaf extracts – for the
self-treatment of opioid withdrawal, the relief of withdrawal syndrome, for pain management or for
recreational purposes. The major alkaloids of the plant, mitragynine and 7-hydroxymitragynine, are
agonists of the l-opioid human receptor and are assumed to be mainly responsible for the
psychoactive effects of kratom. The botanical is listed in the EFSA Compendium of botanicals, reported
to contain naturally occurring substances of possible concern for human health when used in food and
food supplements (EFSA, 2012) and it has also been considered a botanical of concern by the FDA
(FDA, 2017). Although kratom use is illegal in some countries in Europe, it is easily available via
Internet providers. This increasing popularity and the easy access to it makes kratom a subject of
international health concern.

2. Description of work programme

2.1. Aims

The major aim of the work programme for the fellow was to become acquainted with the general
principles of human health risk assessment for foods and in this context, to gain more detailed
experience in the risk assessment of certain substances used in food supplements and fortified foods,
i.e. substances other than vitamins and minerals, that are substances of plant origin (botanicals,
botanical preparations and plant secondary constituents). The hands-on experience acquired by
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specifically assessing the possible health risks associated with the consumption of Mitragyna speciosa
and preparations thereof was further aimed to be the basis for the elaboration of a detailed
monograph. Moreover, the programme aimed to create a network of food risk assessment experts by
building professional connections between the hosting institution, the fellows of the programme and
other experts.

2.2. Activities/Methods

2.2.1. Preparation of a monograph regarding the risk assessment of Mitragyna
speciosa

The purpose of present scientific project conducted by the fellow was to retrieve, evaluate and
summarise the current scientific data regarding health risks related to the consumption of kratom,
taking into account the available published animal and human data. The risk assessment was
performed based on the BfR-Guidance for health assessments (BfR, 2020) as well as on the EFSA
‘Guidance on Safety assessment of botanicals and botanical preparations intended for use in food
supplements’ (EFSA, 2012). For the hazard characterisation, the relevant published toxicological animal
studies and human data, including information from observational studies and case reports, were
evaluated. To this end, a literature search was performed in PubMed and other scientific databases to
identify relevant scientific publications. In addition, websites of acknowledged scientific bodies or
national authorities were checked for information regarding kratom.

In behavioural and neurological studies in rodents involving oral subacute (28 days) administration
of mitragynine, cognitive impairments of learning and memory function were observed already at a
dose of 1 mg/kg bodyweight (Apryani et al., 2010; Yusoff et al., 2016; Suhaimi et al., 2021). Acute
and subacute (28 days) oral administration of Mitragyna speciosa preparations (Mitragyna speciosa
extracts or isolated mitragynine) caused hepatotoxic and mild nephrotoxic effects in rats and mice.
Furthermore, neurotoxicity and pulmonary toxicity were observed in rats (28 days) at doses of
≥ 100 mg/kg bodyweight for a methanol extract or isolated mitragynine (Harizal et al., 2010; Kamal
et al., 2012; Sabetghadam et al., 2013; Sakaran et al., 2014; Ilmie et al., 2015; Panjaitan and Liridah,
2021).

Currently, human intervention studies are not available and human observational studies in which
adverse effects of kratom ingestion were investigated are limited. Following cessation of regular
kratom use by humans, dependence and withdrawal syndrome have been observed. Other adverse
effects associated with kratom use include liver toxicity and neurological symptoms such as dizziness
and drowsiness (Suwanlert, 1975; Ahmad and Aziz, 2012; Saingam et al., 2013; Singh et al., 2018). A
large number of human case reports have described signs of intoxication and even death following
kratom ingestion. The documented adverse events include herb-induced liver injury, neurological
effects (seizures, coma, central nervous system depression, altered mental status, hallucinations,
confusion and drowsiness), cardiovascular effects (palpitations, tachycardia, cardiac arrest), withdrawal
syndrome, respiratory dysfunction as well as cases of lethal outcome (Alsarraf et al., 2019; Schimmel
and Dart, 2020).

2.2.2. EU-FORA Fellowship supporting programme

At the beginning of the fellowship, the fellow was introduced to the activities performed at the
Department of Food Safety of the BfR and at the hosting unit (Unit of Nutritional Risks, Allergies and
Novel Foods). The fellow obtained experience in the risk assessment of botanicals and botanical
preparations by performing a risk assessment with respect to Mitragyna speciosa and by the
elaboration of the respective monograph. The above work was completed under the guidance and
effective supervision which was provided through regular meetings and on site communication with
members of the hosting unit. Apart from the practical work at the BfR during the fellowship year, the
fellow participated in the following activities described in Table 1. A considerable part of the fellowship
programme was carried out remotely, due to the COVID-19 pandemic situation.
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3. Conclusions

3.1. Conclusions regarding Mitragyna speciosa (kratom) risk assessment

The available animal and human data that were evaluated by the fellow strongly indicate that
kratom consumption has the potential to cause a number of adverse health effects, including
addiction, associated withdrawal syndrome and other manifestations of toxicity, such as further aspects
of neurotoxicity, but also liver toxicity and nephrotoxicity. However, the derivation of any health based
guidance values for kratom preparations or constituents thereof and a subsequent concrete risk
characterisation are severely impeded by considerable uncertainties, including the variability in
composition of kratom preparations, insufficient information on dose–response relationships or on
effects of long-term use. Further information, based on well-designed studies that cover different
doses and periods of time and have been conducted with preparations clearly specified with respect to
their composition, is required in order to reduce uncertainties and enable a more refined risk
assessment.

3.2. Conclusions regarding the participation in the EU-FORA programme

During the year of the EU-FORA fellowship programme, the fellow learned general principles of risk
assessment and gained experience in the risk assessment of substances and preparations of botanical
origin used in food supplements, improving also her skills in the systematic extraction, structuring and
evaluation of relevant scientific data. Furthermore, the participation in the EU-FORA programme
provided an exceptional opportunity for the fellow to become part of an international experts’ network
that is expected to be a valuable source of future professional support and to provide a basis for
further collaboration.

Table 1: Supporting activities during the EU-FORA Fellowship programme

Title Date

Training
modules
provided by
EFSA

Induction training – Microbiological and chemical risk
assessment (virtual)

11–29 January 2021

Training Module 1 – Risk communication, organised by the
German Federal Institute for Risk Assessment (BfR)
(virtual)

22–26 March 2021

Training Module 2 – Emerging risks, organised by the
Hellenic Food Authority (EFET) (virtual)

7–14 June 2021

Training Module 3 – Data collection and reporting,
organized by EFSA (virtual)

4–7 October, 2021

Training Module 4 – Other risk assessments, organized by
the Austrian Agency for Health and Food Safety (AGES)
(virtual)

22–26 November, 2021

Other
training/
workshops

BfR-Summer Academy (virtual event) 16–20 August 2021
Workshop ‘Risk Assessment and Risk Management of
Genetically Modified Organisms (GMO)’ (BfR)

9 November 2021

Scientific
meetings

Poster presentation ‘Evaluation of possible health risks
associated with consumption of botanical preparations of
Mitragyna speciosa (kratom)’ at the EUROTOX 2021 Virtual
Congress

27 September to 1 October 2021

Other
activities

Regular meetings with the Unit of Nutritional Risks,
Allergies and Novel Foods of the BfR (virtual and on site)

–

Regular seminars organised by the Department of Food
Safety of the BfR: Food safety related scientific
presentations on current projects of the different
department units (virtual)

Twice per month

Presentation by the fellow of the EU-FORA programme of
the results of Mitragyna speciosa risk assessment at the
department seminar (BfR)

14 December 2021

Participation in international socialising events organised
by the International Affairs team of the BfR

–
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Abstract

Water resources are increasingly coming under pressure specially around the Mediterranean area,
leading to water scarcity and a deterioration in water quality. The use of treated wastewater
represents an alternative source to enhance the demand for irrigation water. Water reuse in
combination with the promotion of the use of water-efficient technologies in industry and water-saving
irrigation techniques could lead to good qualitative and quantitative water status for surface and
ground water bodies. Nevertheless, food-borne outbreaks linked to fresh produce irrigated with
partially or untreated wastewater caused by bacteria, parasites and enteropathogenic viruses have
been widely reported. In the absence of solid scientific understanding of the actual risks involved,
consumers are likely less receptive to buy leafy greens irrigated with treated wastewater, also known
as reclaimed water. In this study, we aimed to assess the microbiological risks of leafy green
vegetables irrigated with treated wastewater in Spain using Norovirus as a model organism to facilitate
the development of risk management strategies. A conceptual exposure model was designed to
describe the virus fate and transport from the Wastewater treatment plant (WWTP) secondary effluent
to the consumers’ fork. This study is an example of the use of reclaimed water for irrigation of
commercial fields producing leafy greens in the south-east of Spain and tries to assess potential
microbiological risks to the consumers by establishing their safety.
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1. Introduction

The present work, dedicated to the training in tools to develop quantitative risk assessment of fresh
produce using water reuse systems in Mediterranean production, was conducted in the context of the
EFSA EU-FORA fellowship programme. This programme aims at early to mid-career professionals from
European Union (EU) and European Free Trade Association (EFTA) countries, offering candidates the
chance to widen their knowledge and hands-on experience of food safety risk assessment. EU-FORA
fellowship programme provides competency based training and practical experience using the ‘learning
by doing’ approach in acknowledged training sites across EU and European Economic Area (EEA)
Member States.

Theofilos Papadopoulos is a Veterinary surgeon who has been working in the Directorate of
Veterinary Centre of Thessaloniki. He graduated from the School of Veterinary Medicine, Aristoteles’
University in Greece in 2003 and he received a Master of Science’s degree in Aquatic Animal Health in
2008, and a Master of Science’s degree in Public Health in 2011. The fellow completed his PhD in
Molecular Microbiology in 2015, and he is EBVS European Veterinary Specialist in Veterinary
Microbiology and a de facto member of the European College of the Veterinary Microbiology. Before
EUFORA, he worked for nearly 10 years in the field of Surveillance of Zoonoses and Food Safety in
Greece and in the field of Epidemiology in SCIENSANO - Belgium. In January 2021, he started the
fellowship at the Polytechnic University of Cartagena (UPCT), joining the research group of Food Safety
and Preservation in the Agronomic Engineering Department under the supervision of Professor Pablo
Fern�andez Esc�amez. The fellowship was developed jointly by the UPCT and CEBAS-CSIC (Spain).

Water is a critical input for agricultural production and agricultural water has been identified as one
of the main risk factors of microbial contamination for fresh produce. Agriculture consumes a
significant amount of water resources in Europe, accounting for around 30% of total water use. In
Europe, the main water sources are surface waters (rivers, lakes), reservoirs supplied by well or rain
water, well water and potable quality water particularly in the case of hydroponics (EFSA BIOHAZ
Panel, 2014). However, water is a limited resource, particularly for at least nine Mediterranean
countries which are currently considered as water-stressed countries, related to pressure on the
quantity and quality of water resources. This water stress situation is expected to be aggravated by
the expected increasing water demand during the coming years and climate change (Mancuso et al.,
2020). For this reason, alternative water sources have started to be used in an attempt to reduce the
water stress. The use of reclaimed wastewater is a promising alternative water resource, particularly
for agriculture, which is currently the main user of renewable water resources.

The use of reclaimed wastewater mainly allows to preserve the freshwater stock. However, it also
represents a source of nutrients, namely nitrogen, phosphorus, and other salts, which are necessary
for the physiological growth of crops (Mancuso et al., 2020). The wastewater treatment process
usually includes primary (sedimentation) and secondary treatments (biological oxidation), as well as
more advanced tertiary treatments such as chemical coagulation, filtration and/or chemical disinfection
(EFSA BIOHAZ Panel, 2014). Wastewater cannot be used for irrigation, and reclaimed water needs to
be of a particular quality (European Union, 2020). The use of reclaimed water for irrigation is beneficial
in agriculture but if wastewater treatments are not well implemented, it may be associated with
potential human health risks. One of the important challenges when using reclaimed water in
agriculture is ensuring the safety of food products considering that if the water reuse systems are not
properly implemented, human pathogens may be still present.

The consumption of leafy salads has increased internationally in recent years as promotion of
healthier lifestyles. These foods are generally consumed fresh and are not subject to further
processing to eliminate pathogenic microorganisms such as viruses (Callej�on et al., 2015). Since leafy
greens eaten raw as salads do not include any processing steps or control points which will ensure
removal or inactivation of biological hazards, it is particularly important to consider risk factors and
control options at the point of production (EFSA BIOHAZ Panel, 2014). Food-borne outbreaks linked to
fresh produce irrigated with partially or untreated wastewater have been reported (Lynch et al., 2009;
Berger et al., 2010; Gelting and Baloch, 2013), while contamination of crops with enteric viruses,
faecal coliforms, and bacterial pathogens and parasites has also been evidenced (Hamilton et al.,
2006; Sales-Ortells et al., 2015; Adegoke et al., 2018).

Food-borne outbreaks may be caused by bacteria, parasites and enteropathogenic viruses including
rotaviruses, astroviruses, adenoviruses, noroviruses and caliciviruses (Dom�ınguez et al., 2009). During
2019, norovirus was associated with 457 food-borne outbreaks and, most importantly, with 11,125
related illnesses (22.5% of total cases) meaning one in five of all outbreak-related illnesses in the EU.
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During the same period, 51 outbreaks were associated with the consumption of food of non-animal
origin (leafy green vegetables, olives, tomatoes, cucumbers and radish sprouts) with leading causes
norovirus (14 outbreaks) and Salmonella (12 outbreaks) (EFSA and ECDC, 2021). Norovirus caused
most of the outbreaks associated with the consumption of leafy vegetables in USA during 2014–2018
(CDC, 2021). The microbiological risks derived from irrigation of fresh produce with reclaimed water
have been previously reported for enteric viruses (Hamilton et al., 2006; Sales-Ortells et al., 2015;
L�opez-G�alvez et al., 2016; Adegoke et al., 2018; Summerlin et al., 2021). Some studies have also
focused on norovirus risks/presence in fresh produce (Mara and Sleigh, 2009; Barker, 2014; Sales-
Ortells et al., 2015; Eregno et al., 2017; Torok et al., 2019; Emilse et al., 2021). Studies on the
prevalence and infectivity of Norovirus are limited, and quantitative data on viral load are scarce
making establishment of microbiological criteria for Norovirus on leafy greens difficult (EFSA BIOHAZ
Panel, 2014).

Quantitative microbiological risk assessment (QMRA) is a methodology used to organise and
analyse scientific information to estimate both the probability and severity of an adverse event as well
as prioritise efforts to reduce the risk of food-borne pathogens (Habib et al., 2020). The development
of QMRA involves a four-phase process to estimate the human health risk associated with exposure to
the target pathogen. The microbial risk assessment process consists of four distinct steps: (i) the
hazard identification; (ii) the hazard characterisation; (iii) the exposure assessment; and (iv) the risk
characterisation (Lammerding and Fazil, 2000; Koutsoumanis and Aspridou, 2016). QMRA is based on
a quantitative description of the microbial response to the different conditions encountered during
each step of the field-to-fork chain of the product based on mathematical models.

The results of the quantitative model of pathogens associated to fresh produce using water reuse
systems in Mediterranean production will provide an estimation of the burden of pathogenic
microorganisms present in the plant products that are irrigated with reclaimed water considering the
different scenarios and production practices. These data, combined with the existing data in the
literature on the consumption of leafy vegetables and dose-response curves will provide an estimate of
the possible risks associated with this practice.

2. Description of work programme

2.1. Aims

The work programme will focus on the QMRA of pathogens associated with fresh produce using
water reuse systems in Mediterranean production. It will cover hazard identification, exposure
assessment, hazard characterisation and risk characterisation, applying a robust statistical method. It
will be developed in collaboration with CEBAS-CSIC, the partner that was included in the application.
Main activities related to the Work Programme where the fellow is going to be involved in:

– Training of the fellow person on methodologies related to risk assessment routinely used by
the supervisors and co-supervisors at UPCT and CEBAS-CSIC. This will include databases,
different software available for predictive microbiology and risk assessment, statistical analysis
and programming in R.

– Data selection to characterise the microbial response required for QMRA. Data available in
both institutions will be used, as well as data from literature. If there are data gaps, they will
be filled performing experimental work.

– Development of mathematical models to describe microbial behaviour along the food change
(prevalence, growth, inactivation, acclimation, contamination, etc.), based on data gathered
from the groups and from literature. The models will be validated so that they can be applied
for a QMRA. Dose–response models will be selected from those already published. When
possible, R statistical software (open access) and f.eg. Shiny app will be used.

– Estimation of the risk based on different scenarios. Health risks will be established on the
basis of conditions included in the study using web-based tools (such as MicroHibro, FDA-
iRisk, @Risk) and the data and models developed. This will allow the establishment of a risk
ranking and the interpretation of the impact of variability and uncertainty on a QMRA.
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2.2. Activities/Methods

2.2.1. Practical work, research project on QMRA of leafy greens irrigated with
reclaimed water

As part of the fellowship, the priority of the hosting site was to provide the fellow with the basic
theoretical background required to perform a QMRA. The fellow joined a working team based in the
UPCT in collaboration with CEBAS-CSIC and with proved expertise in the use of risk assessment tools.

The fellow performed a comprehensive literature mining to collect published information and
identify potential data gaps in performing QMRA. This also included training in handling of available
databases (EFSA, FAO and ECDC). The fellow was also trained in growth and inactivation modelling
(such as Combase or Bioinactivation FE, the latter developed in the group).

Together with his supervisors, the fellow agreed to work in a study project in QMRA of norovirus
gastroenteritis associated with the consumption of leafy greens from commercial fields irrigated with
reclaimed water. The QMRA application covered all the steps from the secondary effluent of a
wastewater treatment plant to the consumer’s fork.

A total of 570 samples (water and crop) were analysed across the water reuse system used to
irrigate leafy greens in commercial growing fields. Reclaimed water originated from two WWTPs in
Murcia region (Spain) using different wastewater treatment processes. Samples were tested for the
presence of several microbiological hazards during 2017–2019. Sampling was performed in WWTP inlet
(N = 100), WWTP outlet (N = 100), WWTP reservoir (N = 100), grower reservoir (N = 75), irrigation
point ((N = 100) and crop (N = 95). A database, provided by the supervisors, was analysed including
the prevalence data of several Norovirus I, Norovirus II, hepatitis virus and bacteriophages in leafy
green primary production. After analysing the data, some laboratory work was planned to cover
potential gaps for the QMRA application. However, due to the uncertainty of COVID-19 situation, and
the lockdown at the university performing laboratory work was not feasible. Therefore, a more
theoretical approach for the project had to be adapted.

The fellow received training in implementation of statistical analysis using Monte Carlo and Bayesian
methods and risk ranking methodologies. He was trained in using various software tools specific for
risk assessment (e.g. MicroHibro, @Risk, FDA-iRISK). He also gained experience in the separation
between variability and uncertainty, the quantification of these terms and the incorporation in
predictions from the point of view of experimental design and statistical analysis.

2.2.2. Training in risk assessment

During the fellowship, the fellow obtained general information on Risk assessment activities. Due to
the COVID-19 pandemic, all courses were held as online modules. Initially, the fellow followed the
3-week induction training in microbiological and chemical risk assessment by EFSA (11–29 January
2021). He attended an additional 1-week training module focusing on risk communication and crisis
response, organised by the BfR (22–26 March 2021) and the 6-day training module focusing on
emerging risks, nanotechnology, omics, new concepts and tools in toxicology, risk ranking organised by
the Hellenic Food Authority (7–14 June 2021). He also attended the 4-day training module on data
collection and reporting (4-7 October 2021) and finally the 1-week in module ‘module 4 training of the
European Food Risk Assessment Fellowship Programme’ (22–26 November 2021), both organised by
EFSA.

The fellow joined a 2-day visit in the headquarters of the Spanish Agency for Food Safety and
Nutrition (AESAN) on October 28, 2021, in Madrid and on 29 in Centro Nacional de Alimentaci�on in
Majadahonda. During this visit, he had the opportunity to meet in person all the other fellows hosted
in Spanish Institutes and to receive information and in-hand training in risk assessment regarding
biological and chemical risks, risk management, official control in foods and alerts, food contact
materials, residues of veterinary drugs, microbiology, and antimicrobial resistance.

Moreover, the fellow presented and discussed the results of his project at the First Workshop of
EUt+ (European University of Technology) Sustainability Lab on 14 June, 2021.

2.3. Secondary scientific activities during fellowship

Along with the scheduled activities, additional training and other opportunities were provided by the
hosting and other organisations face to face or online. This helped the fellow further improve his
general knowledge on risk assessment.
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2.3.1. Participating in various conferences/webinars/meetings

1) ‘Elicitation and practical use of disability weights for quantifying years lived with disability’.
Webinar provided by Burden of Disease Network, January 2021 (online).

2) ‘Basic Concepts in Epidemiology and Surveillance’. Training school provided by Animal Health
Ireland, 1-2 February 2021 (online).

3) ‘Learning R’. LinkedIn learning online course, March 2021 (online).
4) ‘Risk communication’ EPIET Alumni Network webinar, March 2021 (online).
5) ‘Activities and achievements of the Italian Global Burden of Disease Initiative’. Webinar

provided by Burden of Disease Network, April 2021 (online).
6) ‘The ESCMID study group in Public Health Microbiology Virtual Meeting’, May 2021, (online).
7) ‘Burden of foodborne diseases: how can we estimate it and why do we need it’? Webinar

provided by World Health Organization, June 2021, (online).
8) ‘Forecasting the Global Burden of Disease Study’. Webinar provided by SCIENSANO, June

2021, (online).
9) ‘First Workshop of EUt+ Sustainability Lab’ June 2021, (online).
10) ‘Basic pharmacokinetics and pharmacodynamics – focus on antibiotics’. Training School,

School of Veterinary Medicine, University of Padova, Italy, August 2021
11) ‘European Network for Optimization of Veterinary Antimicrobial Treatment working group

meeting’. University of Padova, Italy, August 2021
12) ‘Epidemiology of Methicillin Resistant Staphylococcus aureus in abattoirs and slaughtered

ruminants’, (25 days) Short Term Scientific Mission by Risk-based meat inspection and
integrated meat safety assurance CA18105, Thessalonik’i, Greece, August 2021.

13) ‘Animal Health economics’. Webinar provided by Standardizing output-based surveillance to
control non-regulated Diseases of cattle in the EU (SOUND) COST action, September 2021
(online).

14) ‘Innovative Dairy Science education material development, focused on Products, Processes,
Quality, Safety & Entrepreneurship, using Information and Communication Technologies
(ICTs) and Open Educational Resources (OER)’ final meeting, Larissa, Greece, September
2021.

15) ‘AGM meeting of the European College of Veterinary Microbiology, October 2021 (online).
16) ‘Novel technologies for surveillance and characterization of Extended-spectrum b-lactamase

and Carbapenemase producing Enterobacteriaceae, in humans and animals (CARBATECH)’
seminar, Ioannina, Greece, November 2021

17) ‘Virtual training module 4’ Training module provided by the European Food Risk Assessment
Fellowship Programme, 22–26 November 2021 (online).

2.3.2. Oral presentation

‘Water reuse in agricultural irrigation of commercial fields producing leafy greens in
South-east Spain’. Papadopoulos T., Allende A., Egea J.A., Gomez A.P., Fernandez P.S. Oral
presentation at First Workshop of EUt+ Sustainability Lab June 2021, Cartagena, Spain (online)
(Annex).

3. Results

Leafy greens, eaten raw as salads, represent a minimally processed, ready-to-eat food. In order to
provide an analysis of the risks associated with the consumption of this food item we considered all
the production processes of leafy greens starting from the field, growing, harvesting, distribution, retail
and handling in domestic environments. On top of this, we considered the irrigation of the leafy greens
with reclaimed water and the risks associated with this practice using norovirus as the model organism
(Figure 1).

One of the main pathways for the contamination at primary production is due to the microbial
quality of the reclaimed water used for irrigation. Water treatment usually includes primary
(sedimentation) and secondary (biological oxidation) treatments, as well as more advanced tertiary
treatments such as chemical coagulation, filtration and/or chemical disinfection. Nevertheless, they can
vary even if there are standards established at EU level for treatment of municipal wastewater to be
used for irrigation (European Union, 2020). However, the water reuse system includes not only the
water treatment process but also the distribution and storage of the water before the reclaimed water
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is used in the delivery point at the grower field. Therefore, the microbiological quality of the reclaimed
water not only depends on the good implementation of the water treatments but also on the
management of all the steps of the water reuse system.

Contamination risk depends also on the irrigation strategies (mixing with other waters, irrigation
system) and the use of manure as fertiliser and Norovirus (NoV) internalisation from irrigation or the
soil. Irrigation with untreated or partially treated wastewater together with spraying prior to harvest
and overhead irrigation that leads to wetting of edible parts are the main risk factors regarding this
stage of production.

We considered, as basic scenario, leafy greens consumed after harvesting without any processing
from the industry (washing, cutting, packaging, etc.) but washing by the consumer. As an alternative
scenario we considered all these processes made by industry, leafy greens sold packed and eaten raw
without any other process from the consumer.

The main factors for contamination of leafy greens during primary production is the use of
untreated wastewater for irrigation and the irrigation system. During processing, the main factors are
contamination or cross-contamination via equipment, water or by food handlers. Finally, at distribution
in domestic and commercial environments, cross contamination by food handlers or equipment are
very important factors, while at home and according to the basic scenario, washing practices before
consumption play the most important role.

Figure represents a flow chart for the QMRA while table includes all the inputs used for QMRA
application (Figure 1).

Figure 1: Flow chart of QMRA for predicting the probability of developing NoV acute gastroenteritis
for an individual after consuming raw leafy greens
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4. Conclusions from the participation in the EU-FORA programme

Participation in the EFSA EU-FORA work programme was a valuable opportunity for the fellow to
obtain experience in tools used in quantitative microbial risk assessment. This was also a perfect
chance to expand his knowledge and skills in food safety, particularly in the field of QMRA, by working
in a professional environment according to European guidelines and standards. It also provided the
hosting institutions, Universidad Polit�ecnica de Cartagena and CEBAS-CSIC, an excellent opportunity to
interact with the EU-FORA Programme through a motivated and highly capable fellow to improve our
training capacity in QMRA. A multidisciplinary biological risk assessment was developed.

The fellow learned many new skills through the modules, and had opportunities to broaden his
understanding of the risk assessment methodology in a wider range of hazards including infectious
diseases. Besides all the learning-by-doing, he had the chance to further develop his network of
professionals by attending the EU-FORA training modules, conferences, and meetings.

The EU-FORA programme provided a great environment to build a strong professional and personal
network that will be used for future collaborations between the sending and both the hosting
institutions. Finally, fellow’s training in risk assessment methodology was a great added value also for
the sending institute and will help both fellow and the Institute to apply risk assessment methodology
in practice.
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Abstract

Keeping food safe is a challenge that needs continuous surveillance for the sake of consumers’ health.
The main issue when a food-borne pathogen outbreak occurs is represented by the identification of
the source(s) of contamination. Delivering this information in a timely manner helps to control the
problem, with positive outcomes for everyone, especially for the consumers, whose health is in this
way preserved, and for the stakeholders involved in food production and distribution, who could face
enormous economic losses if recalls or legal issues occur. Whole genome sequencing (WGS) is a tool
recently implemented for the characterisation of isolates and the study of outbreaks because of its
higher efficiency and faster results, when compared to traditional typing methods. Lower sequencing
costs and the development of many bioinformatic tools helped its spread, and much more attention
has been given to its use for outbreak investigation. It is important to reach a certain level of
standardisation, though, for ensuring result reproducibility and interoperability. Moreover, nowadays it
is possible, if not mandatory for Open Science Practices, to share WGS data in publicly available
databases, where raw reads, assembled genomes and their corresponding metadata can be easily
found and downloaded. The scope of this Fellowship was to provide the Fellow all the training
necessary for successfully integrating genomics to surveillance and risk assessment of food-borne
pathogens from farm to fork.
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1. Introduction

Whole genome sequencing (WGS) is becoming a main tool for outbreak investigation because it
has higher efficiency in identification and characterisation of food-borne microorganisms than other
traditional typing methods (Koutsoumanis et al., 2019). Compared to these traditional methods, such
as pulsed field gel electrophoresis (PFGE), multiple locus variable number tandem repeat Analysis
(MLVA), random amplified polymorphic DNA (RAPD) analysis, variable number tandem repeat (VNTR)
analysis or multilocus sequence typing (MLST), WGS delivers outputs at higher resolution and in a
shorter time. In addition, depending on the bioinformatic application(s) used and on the performance
of the machine, it can provide the results of multiple tests in one single assay (e.g. identification of
virulence and antimicrobial resistance (AMR) genes, and other phenotype predictions based on
genotype), which speeds up the emergence response in case of an outbreak. Recently, WGS has been
used for the detection of pathogens in several outbreaks with great impact for public health. For
example, WGS was used to identify the likely source of the largest known outbreak of Listeria
monocytogenes, which happened in South Africa between 2017 and 2018 (Smith et al., 2019) and in
the EU multi-country outbreak of L. monocytogenes ST6 linked to frozen corn (EFSA and ECDC, 2018).
Another concern is the possibility of dissemination of AMR- and virulence-related genes via the food
chain. WGS is also helpful in this case, allowing to rapidly characterise biological determinants related
to AMR, virulence, mobile genetic elements (MGEs), and their dissemination patterns, which
contributes to the protection of public health with respect to food-borne diseases. The ‘One Health’
approach is nowadays widely recognised for investigating AMR and how it spreads across all sectors,
for example in hospitals or through animal farming (Hernando-Amado et al., 2019). In addition, dose–
response models would benefit from a better understanding on the virulence potential of certain
strains. Several recent studies have demonstrated the promise of routine WGS of bacterial pathogens
for epidemiological surveillance, outbreak detection, and infection control. For example, Neuert et al.
(2018) used WGS to identify genetic traits responsible for phenotypic AMR in 3,491 non-typhoidal
Salmonella enterica isolates. In addition, WGS can be used to track the occurrence and distribution of
these genetic traits leading to AMR or virulence in different environments, including foods, food-related
environments and clinical specimens, facilitating source attribution. If integrated with metadata
gathered from food or clinical samples, genomic data can be implemented within quantitative risk
assessment frameworks by including statistical analyses and mathematical modelling of resistance and
virulence determinants occurrence and dissemination. A cross-sectorial platform developed in an EFSA
funded project (INNUENDO project) is available and allows to identify flaws and needs in data flow
during outbreak investigation and routine implementation of WGS in molecular epidemiology of food-
borne pathogens, providing information to solve outbreaks and enhancing scientific cooperation
between the food, veterinary and human health sectors. WGS can thus provide to national and
international regulatory agencies and researchers a framework for the evaluation and communication
of risks linked to foods. Furthermore, it facilitates the investigation of outbreaks and the actualisation
of measures for risk reduction. Thanks to the application of open science practices, all the WGS data
published in the scientific literature are publicly available in online databases. These data can be used
for many different additional investigations, such as to further characterise isolates responsible for
outbreaks, or to study the occurrence of virulence and antimicrobial genes in specific regions or in a
specific time frame.

Strengthening global surveillance of food-borne pathogens and their related characteristics (e.g.
virulence or AMR potential), is critical as it sets the basis for developing global strategies, monitoring
the effectiveness of public health interventions and detecting new trends and emerging threats.

2. Description of work programme

2.1. Aims

The aim of this fellowship was to prepare the fellow on exploring the potential of next-generation
sequencing (in particular, of WGS) methodologies as a tool for surveillance of food-borne pathogens,
AMR and virulence genes. The core of the work was related to the study of publicly available WGS
data of some of the most common food-borne pathogens, to explore the characteristics of their
resistome and associate the presence of AMR genes to metadata, such as geographical data, isolation
source and temporal distribution.
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2.2. Activities/Methods

To achieve the objectives mentioned in Section 2.1, the fellow received training on the most
common practices and protocols used for WGS and whole metagenome sequencing (WMS) by
experienced scientists. Furthermore, an outbreak simulation was performed to assess the fellow’s
acquired skills on an outbreak investigation, and training on some of the most common software used
for risk assessment was delivered. The activities related to each objective of this fellowship are
described below.

Objective 1: Training of the fellow on general risk assessment methodologies routinely used by
the mentor and other collaborators at the host institution. Extensive training was arranged about the
functionalities of the software Oracle Crystal Ball, used by the host institution for performing Monte
Carlo simulations and predictive modelling. The training and the analyses performed consisted in four
phases: variable definition, model development, simulation and uncertainty analysis (Figure 1).
Practical examples were explored by the fellow and discussed with the tutors, e.g. to predict the
reductions in microbial counts following the pasteurisation of milk, or to assess the exposure of
European consumers to extended-spectrum b-lactamase (ESBL)- producing Escherichia coli through
the consumption of pork meat.

Objective 2: Training of the fellow on different integrated platforms for the use of genomics in
food-borne pathogen surveillance and outbreak investigation. An intensive hands-on training was
delivered to the fellow on the use of the most common applications for the analysis of WGS data. In
particular, the fellow learnt how to use Python- and Pearl-based software (e.g. StarAMR, ResFinder,
PointFinder, PlasmidFinder, PlasFlow, MLST, dRep, Tormes) launched with command lines and adapted
Ruby scripts for parallel analyses on multiple genomes, using Linux and Unix environments. The fellow
was also trained on the use of a server owned by the hosting site for analyses that required high-
performing computing. Eventually, a training on the use of specific R packages for statistical analyses
and charts preparation (dplyr, ggplot2, pheatmap, ggpubr, vegan, tidyr) was given to the fellow.

Objective 3: In silico analysis of genomes from food-borne pathogens.
The fellow analysed about 30,000 Staphylococcus aureus genomes and their metadata downloaded

from publicly available repositories describing the distribution of antimicrobial resistance genes (ARGs)
among clonal complexes (CCs), geographical regions, isolation sources and time periods. The
resistome of S. aureus was described and trends highlighted. Furthermore, the location of ARGs on
MGEs (plasmids) was described and analysed. The workflow of this analysis is summarised in Figure 2.

A similar analysis was also conducted on about 3,000 Salmonella enterica serovar Enteritidis and
3,000 Salmonella enterica serovar Typhimurium genomes.

Two manuscripts reporting the main results of these activities are currently in preparation.
Objective 4: Assessment of the potential of WGS in outbreak investigation.
A case study of an outbreak was prepared by the tutors and investigated by the fellow, using WGS

data and metadata about the sources of samples, to determine the source(s) of the simulated
outbreak (Appendix A).

Objective 5: Collaboration of the fellow in dissemination and outreach activities.
The fellow has worked on a literature review on the use of WGS for improving food safety which

has been submitted to the Food Microbiology section of Current Opinion in Food Science. A semi-
systematic literature review on the use of WGS for outbreak investigation has also been prepared.
Furthermore, a manuscript on the S. aureus resistome analysis has been already prepared and it is
ready for being submitted for peer review. One more manuscript on the analysis of Salmonella
Enteritidis and S. Typhimurium is also in preparation.

The fellow will also present the S. aureus resistome analysis at the next ONE – Health,
Environment, Society – Conference, in Brussels, 21–24 June 2022.

Additional activities were also undertaken by the fellow during this year at the host institution. For
example, the fellow attended online courses to improve his skills on Python and Linux commands and
applied for the Marie Skłodowska-Curie Actions (MSCA) Postdoctoral Fellowships 2021. The fellow was
fully integrated into the working team of his host institution and participated to lab meetings in which
he presented his work to other colleagues. The fellow also received an invitation for a visit, with the
other EU-FORA fellows hosted in Spain, to the Spanish Food Safety and Nutrition Agency (AESAN) in
Madrid and Majadahonda which took place at the end of October 2021.
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3. Conclusions

This fellowship transferred to the fellow’s new skills on the use of WGS for the study of outbreaks
and the characterisation of AMR in food-borne pathogens. Outputs derived from this fellowship will be
published in peer-reviewed journals, which will include a literature review on the use of WGS for food
safety, a semi-systematic review on the use of WGS for outbreak investigation, and two research
papers, one on the analysis of the resistome of S. aureus and one on the analysis of the resistome of
S. Enteritidis and S. Typhimurium. The fellow is actively working to finalise the remaining manuscripts
on a timely manner. Furthermore, the fellow had the opportunity to familiarise with tools for Risk
assessment and Monte Carlo simulations.

3.1. Future goals

The cooperation between the fellow and the hosting site will be maintained in the future. A Marie
Curie fellowship application has been already submitted by the fellow and the host organisation, and
hopefully more projects will be shared in the future to maintain this fruitful collaboration.

1. Variable 
defini�on

2. Model
development

3. Simula�on

4. 
Uncertainty

analysis

Figure 1: Workflow used for Monte Carlo simulation and predictive modelling with Oracle Crystal Ball
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Figure 2: Workflow of the analyses performed in Objective 3
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Appendix A – Listeriosis outbreak simulation

Case: Listeriosis outbreak in Le�on (Simulation)

A recent increase of Listeriosis cases has been reported in the Hospital of Le�on, with 10 patients
presenting associated symptoms during the last week. Listeria monocytogenes isolates were obtained
from all of them, and whole genome sequencing data were obtained. After a questionnaire filled by
patients, the main suspects of origin of infection were identified and are summarised in Table A.1. The
genomic analysis showed that all the isolates belonged to ST9, excluding those from patient01
(ST121), patient03 (ST155) and patient04 (ST14). The virulence and antimicrobial resistance profiles
were very similar between the ST9 samples 02, 05, 06, 07, 08, 09 and 10. Average Nucleotide Identity
(ANI) analysis showed that, considering the accessory genes, the samples were distributed in two
main clusters: Cluster 1, with similarity of 100%, formed by the samples 02, 06, 08 and 09 and Cluster
2, with similarity of 99.9%, including isolates 05, 07 and 09 (Figure A.1). According to the metadata,
the common sources identified in Cluster 1 were ‘sausage table (embutidos)’ and ‘Commercial burger’,
while in Cluster 2 ‘Homemade burger’ was the common source, while ‘Commercial burger’ was a
possible source in 2/3 of the isolates. Regarding the other two samples, patient03 and patient04, the
two possible sources were still ‘Commercial burger’ and ‘Homemade burger’, however, different strains
of L. monocytogenes might have contaminated the suspect foods. Additional samples were obtained
and are listed in Table A.2. The MLST assignation gave these results: food02 and producer03 belonged
to unknown ST; food12 and patient03 belonged to ST155; all the other isolates were ST9, excluding
food04 (ST37), patient01 (ST121) and patient04 (ST14). The results of the ANI analysis are shown in
Figure A.1. In particular:

– the clinical isolates forming Cluster 1 clustered with food03 and producer02;
– the clinical isolates forming Cluster 2 clustered with two isolates of the Commercial burger;
– patient03 clustered with another strain found on lettuce in the Commercial burger;
– producer03 provided contaminated food (lomo) to the restaurant;
– patient01 and patient04 were infected by isolates not related to any other in this study;

In conclusion, four patients were traced back to producer02 and three patients to the Commercial
burger.

Table A.1: Suspected origins of infection

Code Suspect 1 Suspect 2 Suspect 3

patient01 Commercial burger Raw milk Fresh cheese

patient02 Sausage table (embutidos) Smoked salmon Commercial burger
patient03 Commercial burger Fresh cheese Smoked salmon

patient04 Raw milk Homemade burger Smoked salmon
patient05 Homemade burger Commercial burger Melon

patient06 Commercial burger Melon Sausage table (embutidos)
patient07 Homemade burger Fresh cheese Melon

patient08 Sausage table (embutidos) Smoked salmon Commercial burger
patient09 Commercial burger Sausage table (embutidos) Raw milk

patient10 Homemade burger Commercial burger Fresh cheese

Table A.2: Additional samples from foods and producers

N Sample Product Origin N Sample

01 food01 Fresh cheese Commercial burger 13 producer01

02 food02 Lomo restaurant 14 producer02
03 food03 Chorizo restaurant 15 producer03

04 food04 Salchich�on restaurant 16 producer04
05 food05 Cecina restaurant

06 food06 Cooked ham Commercial burger
07 food07 Lettuce Commercial burger

WGS for outbreak investigation

www.efsa.europa.eu/efsajournal 9 EFSA Journal 2022;20(S1):e200417



N Sample Product Origin N Sample

08 food08 Cooked ham Commercial burger
09 food09 Chorizo restaurant

10 food10 Fresh cheese Commercial burger
11 food11 Salchich�on restaurant

12 food12 Lettuce Commercial burger

Cluster 1

Cluster 2

Figure A.1: ANI tree of all the isolates, performed by dRep software
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Abstract

Faster, sensitive and real-time methods for detecting organophosphate (OP) pesticides are urged for in
situ monitoring of these widely spread contaminants. For this reason, several efforts have been
addressed for the development of performant biosensors. The thermostable enzyme esterase-2 from
Alicyclobacillus acidocaldarius (EST2), with a lipase-like Ser-His-Asp catalytic triad with a high affinity to
OPs, is a promising candidate as a bioreceptor for biosensor development. Within this EU-FORA
fellowship project, two different components of the biosensor were evaluated: (i) the use of the
enzymatic bioreceptor in solution or immobilised in a solid membrane; (ii) the measurement of
fluorescence quenching by direct measurement of the fluorescence probe intensity signal or by
fluorescence resonance energy transfer (FRET) from the tryptophans located in the catalytic site of the
enzyme to a binded fluorescence probe. Fluorescence spectroscopy is among the most used
techniques in analytical chemistry laboratories, mainly due to its high sensitivity and simplicity. To this
aim, the developed IAEDANS-labelled EST2-S35C mutant has been used. Fluorometric measurements
with both methods showed linearity with increased EST2-S35C concentrations. No significant
interference on FRET measurements was observed due to changes in medium pH or due to the
addition of other organic components (glucose, ascorbic acid, yeast extract). Both methods presented
similar sensitivity towards detecting OPs, with fluorescence quenching due to the presence of paraoxon
at environmentally relevant concentrations from 0.09 µM. The obtained results are of high relevance to
further development of biosensors for the pesticide monitoring that: (i) decrease the expenses of the
analysis; (ii) simplify the procedures for pesticide detection; (iii) reduce the time of response.
Furthermore, the use of biosensors for pesticides real-time and in situ detection of pesticides promises
to increase the number of samples analysed, providing a larger amount of data for food safety risk
assessment.
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1. Introduction

1.1. European Food Risk Assessment Fellowship Programme (EU-FORA)

The present work focusing on the development of fluorescence-based sensors to monitor pesticides
in food products was developed in the context of the EFSA EU-FORA fellowship programme. EFSA aims
to invest in methodology development, harmonisation activities and capacity building to maintain
excellence in performing risk assessment. In this sense, EFSA EU-FORA programme was created to
provide practical training to scientists from EU authorities or other Article 36 organisations, increasing
and/or updating their knowledge and expertise in food safety risk assessment (Bronzwaer et al.,
2016). The fellow was hosted by the Institute of Biochemistry and Cell Biology at the Italian National
Research Council (CNR).

1.2. Biosensors as new tools for pesticide monitoring

Synthetic chemical pesticides are essential in modern agriculture and industry practices to increase
the overall productivity of crops, cattle farms and other industries by controlling and eradicating pests
and related diseases. Nevertheless, the over-application of pesticides in urban and agricultural areas
primarily increased pesticides contamination of water bodies and food products, paving the way
towards terrestrial and aquatic ecosystems impacts. Thus, pesticides might be present on fruit and
vegetables and contaminate their derivates, such as fruit juice and animal meat. Therefore, there is a
need for continuous monitoring and report of pesticides residue levels in food. In the European Union,
the recent report by EFSA summarised the big picture of pesticides use in 2019, with 96.1% of
samples complying with the maximum residue levels (MRLs), but 3.9% exceeded the MRLs, and 2.3%
were classified as non-compliant (EFSA, 2021). Although no acute or chronic risk to consumer health
through dietary exposure to pesticide residues was estimated, the need to increase and improve the
control systems is highlighted (EFSA, 2021). Therefore, establishing a capillary network of sensors to
monitor toxic chemicals in food should be considered one of the most critical challenges.

Biosensors appeared as promising tools to develop easy to use, low-cost and rapid-sensing
techniques, and increased research has been developed in the last years. Several approaches using
enzymes, cell receptors, nanomaterials, among others, have been developed, reaching a good
sensitivity, comparable to LS-GC–MS methodology, and reducing the number of false positives (Bhattu
et al., 2021; Umapathi et al., 2021).

The research group at the IBBC has been investigating enzymatic-based biosensors for
organophosphate pesticides (OP) detection. The carboxylesterase esterase 2 from Alicyclobacillus
acidocaldarius (EST2) structure has been solved at 2.6 �A resolution (De Simone et al., 2000), allowing
the modelling of the structure in silico and molecular docking predictions. The EST2 stability, sensitivity
and selectivity towards phosphoryl OPs, such as paraoxon and methyl paraoxon, being irreversibly
inhibited (Febbraio et al., 2011; Carullo et al., 2015), make it a good candidate to be used as a
bioreceptor in biosensors for OPs detection.

Nevertheless, the complexity of food samples can present several challenges to fluorescence-based
methods since other organic molecules present in the sample can emit fluorescence at similar
wavelengths or interfere with the catalytic site of the enzymatic bioreceptor. Therefore, two
fluorescence-based solutions were investigated during this work programme to overcome the
mentioned issues: (i) the use of the bioreceptor in liquid solution was evaluated using fluorescence
energy transfer (FRET) method; (ii) the immobilisation of the bioreceptor on a solid membrane, and
the respective adapter and holder designed and optimised, to be used on different fluorometers,
commonly available on research laboratories.

2. Description of work programme

2.1. Aims

The main aim of the present work programme was to develop fast, cheap and user-friendly
enzymatic based biosensors to be used in real-time to detect organophosphate pesticides in food
samples. Subsequent activities were defined to achieve such goal, starting with the enzyme
preparation in free and immobilised form, which was then used as a bioreceptor for two fluorescence-
based biosensors. Then, the bioreceptor was validated in the two different operative conditions (in
solution and immobilised in a membrane) to detect OP presence in solution, complex mixtures and
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fruit washing waters. This work plan allowed the fellow to apply microbiology, molecular biology,
biochemistry, biotechnology, and chemical risk assessment knowledge.

2.2. Activities/Methods

2.2.1. Overexpression and purification of EST2-S35C

The fellow performed the over-expression of a mutant of a thermostable carboxylesterase esterase-
2 (EST2), to which a serine was replaced with a cysteine near the catalytic site (EST2-S35C), in the
mesophilic host Escherichia coli strain BL21 (DE3, already available in the laboratory). E. coli were
grown in an appropriate medium, and the protein overexpression was induced (Carullo et al., 2018).
The recovery of the biomass was made by centrifugation, and the protein extract was obtained after a
sonication step. The purification of EST2-S35C was achieved by thermoprecipitation followed by
ultracentrifugation to remove the host proteins, as described in detail in Rodrigues et al (Rodrigues et
al., 2021). Finally, a gel filtration (Se-phadex G-25 column, GE Healthcare Bio-Sciences AB, Sweden)
was performed, achieving > 95% purity of the enzyme. The final amount of protein was estimated
following the Bradford method (Bradford, 1976).

2.2.2. EST2-S35C labelling

The fellow accomplished the labelling of cysteine in the active site of purified EST2-S35C incubating
the protein in the presence of the fluorescent probe 1,5-IAEDANS (5-((((2-iodoacetyl)amino)ethyl)
amino) naphthalene-1-sulphonic acid). Different enzyme to probe ratios (1:10 to 1:200) were
evaluated to assess the ratio that retrieved the best fluorescence signal. Incubation occurred overnight
at room temperature. The excess of the probe was then removed at room temperature in the dark
using a QuixSep micro dialyser (Creative Biomart inc., NY, USA). The fluorescence signal intensity was
measured on a Jasco FP-8200 (JASCO, Tokyo, Japan) spectrofluorometer.

2.2.3. EST2-S35C as a bioreceptor in FRET-based methods

Fluorescence Resonance Energy Transfer (FRET) method (Medintz and Hildebrandt 2013) was
applied, taking advantage of the intrinsic fluorescence of the protein tryptophans (donors) and its
transference to the extrinsic IAEDANS (acceptor) (Figure 1). The stability of the labelled EST2-S35C
was evaluated under different pH values. Food samples, such as fruit juices, constitute complex
matrices rich in various organic molecules that can interfere in the fluorescence measurements by
emitting intrinsic fluorescence or interacting with the enzyme’s catalytic site. To test the possible
interference of such organic molecules, three representative ones were selected (glucose, ascorbic
acid, selected yeast extract) and tested in solution with EST2-S35C using FRET. The specificity of
EST2-S25C towards phosphoryl OPs was also evaluated using single and complex mixtures of paraoxon
and thio-OPs (parathion and diazinon).

2.2.4. EST2-S35C immobilisation and use in a 3D printed system

The fellow accomplished the immobilisation of purified EST2-S35C to a high-quality transfer
membrane for biomolecules (Figure 2A,B), a PVDF polyvinylidene difluoride (PVDF) hydrophobic
fluoropolymer membrane (pore size 0.20 µm, PORABLOT - MACHEREY-NAGEL GmbH & Co. KG,
Germany), as described in detail in Rodrigues et al (Rodrigues et al., 2021). The immobilisation of the
enzymatic bioreceptor was optimised. For that, different amounts of protein were spotted and tested.
The conditions for adding paraoxon to the membrane (incubation time, spotting vs immersion) and the
direct fluorescence quenching were evaluated. The vital components required for validating biosensor
assays, such as precision, accuracy, linearity, stability of bioreceptor, specificity and sensitivity, were
addressed.
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2.2.5. Design and optimisation of 3D printed holder for fluorescence
measurements

The need to stabilise and uniformise the use of the bioreceptor immobilised in the membrane
during the spectrofluorimetric procedures led the fellow to design and develop a 3D printed membrane
support (8 9 3 9 36 mm, Figure 2C) and an adapter for solid sample measurement (12 9 12 9

45 mm, Figure 2D), using the software SketchUp Make 2017 (Trimble Inc., USA). Slicing was done
using the software Ultimate Cura v4.9.1.1 (Ultimaker B.V., Netherlands), and printing parameters were
established on Labslicer 3D Slicing Software for Windows (Labists, Hongyu Zhineng Technology Co.,
Ltd., China). The bioplastic black polylactic acid (PLA) 1.75-mm filament was used to avoid light
refraction. The components were printed in the High Precision Mini 3D printer, X1 entry-level 3D
printer DIY kit, from Labists, as detailed in Rodrigues et al (Rodrigues et al., 2021). Different models
for the adapter and membrane holder were printed, testing for the optimum angle of light incidence
and reflection. The digital design files are available under a creative commons licence, free of charge
(https://www.thingiverse.com/febbraio-research-group/designs).

The accuracy and versatility of the 3D adapter were evaluated in different equipment, in
collaboration with a group from the Department of Chemistry, University of Naples. Furthermore, the
critical factors required for validating biosensor assays, including precision, accuracy, linearity and
sensitivity, were again addressed.

Figure 1: Mesh representation of the cavities inside the EST2-S35C shaping the catalytic site. The
acyl- and alcohol-binding pockets and the residues of Cys35 (yellow), Ser155 (orange-
yellow), His282 (red), Trp85 (magenta) and Trp 213 (pink) are indicated

Figure 2: Schematic representation of the assemblage of the immobilised EST2-S35C (A) on the
membrane (B) and the 3D printed membrane support (C) and, later, into the 3D printed
adapter (D). The icons are not to scale
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Part 6. Validation of the bioreceptor using fruit skin

The validation of the bioreceptor in the operative conditions for the detection of OPs concentration
in fruit skin was performed. Different conditions were explored, the bioreceptor response on pretreated
samples with increasing concentration of OP was evaluated, defining the range of linearity. Both
developed methods were evaluated regarding the specificity and reduction of other organic molecules
interference in the measurements of fluorescence quenching and consequent OPs detection.

3. Conclusions

3.1. EST2-S35C as a bioreceptor in FRET-based methods

The use of the FRET approach improved the efficiency of paraoxon detection in solution, with a
limit of detection (LOD) of 0.09 µM obtained for paraoxon. Furthermore, it was observed that the
addition of the fluorescent probes, such as IAEDANS, near the alcohol binding site, does not affect the
enzyme’s binding and function in the acyl binding site.

Several factors need to be considered when developing a biosensor for field application since the
complexity of real samples increases. Therefore, the stability of labelled EST2-S35C at different pH
values was tested in the range from 7.0 to 8.5, covering necessary liquid samples, such as drinking
water or juice fruits (pH 7.0). The complexity of real samples is also illustrated by complex mixtures of
different molecules, such as fruit juices that can contain sugars, vitamins and other proteins. Good
stability of the bioreceptor using FRET measurements was also obtained when glucose, ascorbic acid
or selected yeast extract were added to the solution.

In summary, two main goals were reached:

i) eliminate the interference in the fluorescence measurements of other organic molecules
present in complex solutions;

ii) increase the protein specificity, as the use of FRET measurements allowed to observe
changes affecting only the acyl-binding pocket, strongly reducing possible obstructions from
nonspecific interactions at the alcohol-binding site.

3.2. EST2-S35C immobilisation and use in a 3D printed system

Similarly to the previous method, a linear relationship between the amount of EST2-S35C and the
intensity of the measured fluorescence signal was obtained. A linear increase of fluorescence
quenching would be expected until a 1:1 stoichiometric ratio of inhibitor/enzyme. In accordance, the
30 µM EST2-charged membranes presented a dynamic linear range up to 30 µM of paraoxon. A
plateau was observed at 60 µM of paraoxon for the 90 µM EST2-charged membranes. So, the amount
of bioreceptor should be higher than the expected OPs concentrations to be possible to determine the
pesticide concentration in the sample by plotting the fluorescence quenching results, thus, avoiding
some altered behaviour due to undesired fluorescence interference from adsorbed paraoxon at very
high concentrations.

Regarding the versatility of the 3D printed system, the measurements performed at the different
spectrofluorometers with the respective adapted support for the membrane gave comparable results,
at similar wavelength (461–462 nm) and fluorescence intensity decrease with increasing paraoxon
amount. Thus, these low-cost and straightforward designed 3D printed adapter and membrane
supports can be used for fluorescence measurements and applied to detect chemicals in biosensing
devices. Furthermore, the adapter’s performance was very good, reaching similar results for sensitivity
and replicability as a robotic workstation (Cetrangolo et al., 2019, 2020).

In conclusion, the designed 3D adapter has the fluorescence-cuvette dimension and the right angle
to be used with minor light scattering. In addition, the developed membrane supports can be easily
switched to match the specific heights of the instruments from different manufacturers, being quickly
adjusted in different spectrofluorometers. Thus, this work provided an easy and accessible strategy to
use low-cost tools for using ad hoc laboratory materials, overcoming the cost of commercial
accessories. In fact, 3D printing would be an excellent ally to produce new accessories in different
scientific fields, given the opportunity to improve existing methodologies or test new designs and
methodologies.

In conclusion, the great advantage of using a 3D adapter for biosensing devices lies in the
possibility of using immobilised enzymes on solid membranes, or direct measurement of optically active
thin layers. Furthermore, the 3D support with the immobilised enzyme allowed the washing of the
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membrane to remove the unreacted substances, including other organic compounds such as pigments,
or amino acids, improving the fluorescence measurements and decreasing the background noise.

3.3. Additional scientific activities

In order to maximise knowledge transfer, during the fellowship programme, the fellow took part in
internal data clubs, weekly as a participant and twice as a speaker. In addition, the fellow took part in
the working meetings with groups at University Federico II (Naples, Italy) and Zewail City for Science
and Technology (Cairo, Egypt) to plan collaborations and perform lab work.

The fellow participated in the EUROTOX 2021 meeting as presenting author of the poster
presentation ‘A FRET approach to detect organophosphate pesticides using a fluorescent biosensor’
and as co-author of the poster presentation ‘Direct detection of organophosphate pesticides in water
by a fluorescence-based biosensor’, held on a virtual platform from 27 September to 1 October 2021
(https://www.eurotox2021.com/abstracts/). Two abstracts, one as presenting author and the second
as co-author (‘Detection of neurotoxic compounds at environmentally relevant concentrations by using
a fluorescence-based biosensing device’ and ‘Application of a fluorescence-based biosensing device for
the detection of organophosphate pesticides in water samples’) have been accepted as a poster
presentation at ONE – Health, Environment, Society – Conference, 21–24 June 2022.

The data resulting from activities 2.2.4 and 2.2.5 are accepted for publication (Rodrigues et al.,
2021). In addition, the data resulting from activity 2.2.3 are submitted to another peer-reviewed
journal (Sensors), and other publications are planned.
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EST2 esterase 2 from Alicyclobacillus acidocaldarius
EST2-S35C EST2 where the serine 35 has been replaced by a cysteine residue
EU-FORA European Food Risk Assessment Fellowship Programme
EUROTOX Congress of the European Societies of Toxicology
FRET fluorescence resonance energy transfer
LOD limit of detection
MRL maximum residue level
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Abstract

Sodium (Na) is primarily consumed as salt (sodium chloride, NaCl), which is a critical food ingredient
that contributes to improve preservation, shelf-life and sensory attributes (e.g. texture and taste). On
the other hand, the excessive Na intake is a risk factor for cardiovascular diseases including stroke and
heart diseases. The actual NaCl intake in most countries is far above recommended level of 5 g
NaCl/day. Therefore, the reduction of NaCl is among top priorities for health authorities around the
globe and the World Health Organization (WHO) adopted a strategy to reduce NaCl intake by 30%
until 2025. Integral part of the reduction strategy is to limit NaCl intake from seafood, which is
especially relevant for regions with a significant fish and shellfish consumption. The purpose of the
project was to (i) review the current situation of relevant strategies to reducing NaCl content in
seafood (literature review), (ii) assess benefit/risk of NaCl replacement with other substances/
ingredients in seafood and (iii) disseminate results obtained. In the first phase of the project, the
literature review was performed and the review paper was prepared. The second part of the project
was focused on the experimental studies on smoked trout which commercially available products can
deliver up to 4 g NaCl in 100 g. The aim of this study was to optimise the development process of
smoked trout with reduced NaCl content without compromising quality and safety attributes. Another
part of the project was related to the dissemination of results which resulted in the preparation of
three conference abstracts and two experimental papers.
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1. Introduction

Reducing salt (sodium chloride, NaCl) intake has been identified as one of the most cost-
effective measures that can be taken to improve the health of worldwide population (WHO, 2020). The
excessive NaCl intake is linked with cardiovascular diseases such as stroke or heart disease (Strazzullo
et al., 2009). It is estimated that reaching a global target of a 30% reduction in salt intake by 2025
(compared to 2010 levels) would save about 40 million lives over 30 years (WHO, 2012). The
recommended daily intake is 5 g NaCl but the actual intake in Europe is two to three times higher
(EFSA, 2019) (Figure 1).

Different strategies for salt reduction include governmental polices, co-operation with food industry
to reformulate products, social campaigns and monitoring the population salt intake (European
Commission, 2012; WHO, 2020). Most initiatives apply to NaCl reduction in ready-to-eat products and
meals served in schools or nurseries. In terms of particular food category, they primarily apply to
bakery products (bread), snacks and cheese. The food reformulation is mostly based on lowering
NaCl content during processing, the replacement of NaCl by substitutes such as KCl, MgCl2, CaCl2,
amino acids and the addition of flavour enhancers or their combinations. KCl. The most often used a
replacer is KCl which has similar properties to NaCl and its consumption can promote a protective
effect against high blood pressure, stroke or osteoporosis (Hall, 2003). However, a very limited number
of studies was conducted for salt reduction in seafood products so far.

Figure 1: Daily intake of salt (presented in g of NaCl per person per day) in Europe [European
Commission, 2012]
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The reduction of salt intake from fish and shellfish products is especially important for regions with
high seafood consumption such as such as Iceland, Maldives, Micronesia and Hong Kong (≥ 70 kg per
capita/year; global average = 20 kg per capita/year) (Statista, 2021). On the other, smoked seafood
are eagerly chosen by many consumers due their specific taste, aroma and colour. Smoked fish and
shellfish should be given a special attention as processing of raw fish significantly increases NaCl
content in the product. The portion of 100 g of commercially available smoked fish often deliver up
to 100% of recommended daily intake of NaCl. Therefore, the project was focused on the benefit and
risk assessment of NaCl replacement with other salts/substances in seafood.

2. Description of work programme

2.1. Aim and activities/methods

The project was aimed at three tasks:

1) preparation and submission of guidelines for the application of relevant strategies to reduce
NaCl content in seafood (literature review);

2) assessing benefit/risk of NaCl replacement with other substances/ingredients in seafood;
3) elaborating and disseminating results obtained.

3. Results, discussion and conclusions

The time schedule of the project is presented in Table 1.

Table 1: The schedule of the project

3.1. Task 1: Guidelines for salt reduction in seafood

Taking into account COVID-19 restrictions in Portugal at the beginning of 2021, the project was
conducted in a remote version from February 1 until March 31. It was agreed that project will initially
include the preparation of a review paper on substitution of NaCl by other ingredients in seafood
products. The aim was to: (i) discuss the Na content in seafood, (ii) indicate the positive and negative
roles of NaCl in seafood processing, (iii) identify the main strategies to reduce NaCl in seafood products,
(iv) categorise the ingredients used as substitutes of NaCl, (v) specify how the current substitutes of NaCl
affect its technological function in seafood production and (vi) discuss the nutritional (dietary) impact of
NaCl substitution, (vii) debate the influence of NaCl replacement on physicochemical properties of
seafood products, (viii) discuss the influence of NaCl replacement on sensory attributes of seafood
products and (ix) discuss the influence of NaCl replacement on microbiological safety of seafood
products. The preparation of the paper included three subtasks presented in Table 1: data extraction,
manuscript preparation and manuscript submission. Subtask 1 was performed within close collaboration
between the fellow and supervisor and included the following steps (Figure 2).

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12
Jan Febr MarchApr May June July Aug Sept Oct Nov Dec

Task 1. Guidelines for salt reduction in seafood
1.1. Data extraction
1.2. Manuscript preparation
1.3. Manuscript submission
Task 2. Experimental studies
2.1. Experimental I
2.2. Experimental II
Task 3. Dissemination
3.1. Research papers
3.2. Conferences

EFSA induction training

Month number
Month 

Year 2021
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Once the data were collected, the manuscript was prepared by the fellow first and then revised by
the team from the hosting site. From April 1, the preparation of the review paper was continued in the
hosting site and was finalised in August 23 by submitting it to the scientific journal. As of November 9,
the manuscript status is ‘under revision’ in Food Control (Elsevier).

3.2. Task 2: Experimental studies

Task 2 applied to experimental studies on the replacement of NaCl with other substances/
ingredients in smoked trout. The aim of these studies was to assess the benefit and risk of this
substitution in terms of multiply chemical, physical, microbiological and sensory attributes.

Task 2.1. Experiment I

The study was conducted in April–June 2021 using hosting site facilities. It covered all steps of
experimental study namely: conceptualisation, investigation and formal analysis. The fellow was
personally involved in all steps.

AIM: To develop safe, healthy and attractive smoked trout with reduced content of NaCl
MATERIAL: Hot smoked rainbow trout (Oncorhynchus mykiss) developed using eight formulations

with different concentrations of NaCl, KCl, sugar and bitterness masking agent

Figure 2: Studies comprised in the review paper [adapted from draft of the paper]
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METHODS: Determinations in raw material and smoked products included:

– microbiological analysis,
– instrumental texture/colour,
– sensory analysis

RESULTS: Satisfactory results were obtained for microbiological, texture and colour factors,
however, the results obtained for sensory analysis (very high/high scores for salty taste) precludes the
application of conditions applied in the experiment.

Task 2.2. Experiment II

The study was conducted in July–November 2021 and included conceptualisation, investigation and
formal analysis. The fellow was personally involved in all steps. The results from Experiment I were
carefully taken into consideration and appropriate corrections were included in the Experiment II.

AIM: To develop safe, healthy and attractive smoked trout with reduced content of NaCl
MATERIAL: Hot smoked rainbow trout (Oncorhynchus mykiss) developed using eight formulations

with different concentrations of NaCl, KCl, sugar, microencapsulated plants + spices
(ME) and bitterness masking agent

METHODS: Determinations in raw material and smoked products included the following analyses:

– microbiological,
– moisture, fat, protein,
– chlorides, Na, K,
– pH, water activity (aw),
– water holding capacity (WHC),
– instrumental texture/colour,
– sensory

RESULTS: The last results for Experiment II were obtained in mid-November. Results allowed for
identification of formulations with most desirable attributes especially in relation to NaCl
reduction/sensory attributes ratio. The results indicate that the replacement of NaCl with
KCl and ME, with or without masking agent, is a potential solution towards more
sustainable and healthy diets (with lower Na and higher K content).

As expected, there was a significant Na reduction in smoked trout developed either with KCl, or
with microencapsulated plants + spies (with or without bitterness masking agent). Smoked trout with
reduced NaCl levels delivered significantly less NaCl which can limit its intake to the recommended
level of 5 g of per day (EFSA NDA Panel, 2019). An increase in the K level was also observed for
formulations developed with KCl addition and is expected to bring other health benefits. Smoked trout
produced with KCl can be labelled as a ‘source of K’ according to the definition of this claim
(Regulation (EC) No 1924/2006) (European Commission, 2006), which is essential for supporting blood
pressure, cardiovascular health, bone and muscle strength (EFSA NDA Panel, 2016). Moreover, the Na:
K ratio, which is also positively associated with blood pressure and is a predictor of cardiovascular risk,

Figure 3: Experiment I: the development of smoked trout with reduced content of NaCl [own data]
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decreased in products prepared with NaCl replacement compared to traditional smoked products.
These ratios observed in samples prepared with reduced Na levels are closer or in line with the WHO
that recommended Na:K ratio ≤ 1 (O’Halloran et al., 2016).

3.3. Task 3: Dissemination

This task included dissemination of results by the preparation of research article and conferences
participation. First dissemination activity applied to the description of salt reduction strategies utilised
in the European food industry. The 1st International Conference on Quality and Management Sciences
2021 (conference 1) was organised by Poznan University of Economics and Business in September
13–15, 2021, in Poznan (Poland). The abstract entitled ‘European strategies for salt reduction in food’
was authored by Iga Rybicka, Ant�onio Marques, Amparo Gonc�alves, Helena Oliveira and Maria Leonor
Nunes and presented by fellow during remote participation in the conference.

The results from experimental studies (Experiments I and II) are being analysed and the
manuscript 1 is under preparation. It is projected to finish the draft of the paper by the end of
December 2021. After its revision by the research team, the manuscript will be submitted to the
journal (expected date: 1st Q of 2022). Working title of the manuscript is ‘Development and quality
assessment of smoked rainbow trout with reduced sodium content’ by Iga Rybicka, Marlene Silva,
Amparo Gonc�alves, Helena Oliveira, Ant�onio Marques, Maria Jo~ao Fraqueza and Maria Leonor Nunes.
Moreover, results from Experiments I and II were summarised and described in abstract for ONE –
Health, Environment, Society – Conference 2022 which is organised by, e.g. EFSA in June 21–24,
2022, in Brussels (Belgium) (conference 2). The submission (entitled ‘Development of safe, nutritious
and attractive smoked trout with reduced salt content’, which was authored by Iga Rybicka, Marlene
Silva, Amparo Gonc�alves, Helena Oliveira, Maria Jo~ao Fraqueza, Ant�onio Marques and Maria Leonor
Nunes) was already accepted by organising committee. Depending on the organisational and financial
capabilities of the fellow her participation will be in physical or remote attendance (organisers allow
both possibilities).

Dissemination activities were expanded by the elaboration of results obtained for smoked mackerels
with reduced content of NaCl which were developed and analysed in CIIMAR at the beginning of 2021.
The fellow did not participate in person in the experiment, but the results from this experiment were
analysed and the draft of the manuscript 2 was prepared by Iga Rybicka. The draft of the
manuscript is now revised by the research team and its submission is planned for the end of
November 2021 (title ‘Development and quality of smoked mackerel (Scomber japonicus) with reduced
sodium content’ by Iga Rybicka, Marlene Silva, Amparo Gonc�alves, Helena Oliveira, Ant�onio Marques,
Maria Jos�e Fernandes, Maria Helena Fernandes, Maria Jo~ao Fraqueza and Maria Leonor Nunes).
Moreover, the results from this experiment were already presented in the 35th EFFoST International
Conference: Healthy Individuals, Resilient Communities, and Global Food Security (conference 3)
which was held November 1–4, 2021, in Lausanne (Switzerland) among fellow’s physical attendance in
the event (funded by EU-FORA programme). The title of the poster was ‘Salt reduction strategies in
processed seafood’.

Additionally, to the work programme, the fellow participated in the experimental study aimed at
optimising smoking conditions for the development of industrial seafood. In October 2021, the fellow
was involved in the preparation of raw rainbow trout for further processing of the fish which are
planned for the 1st quarter of 2022. The fellow and supervisor will be co-authors of the research
results published in manuscript 3 by the end of 2022.

All dissemination outputs (papers and conference submissions) are and will be acknowledged by
EFSA EU-FORA programme. Posters for conference 1 and conference 2 are attached as annexes to the
technical report.
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Abbreviations

aw water activity
ME microencapsulated herbs and spices
WHC water holding capacity
WHO world health organization

Glossary

Salt Applies to sodium chloride (NaCl) as it is a major salt used in food industry
Salt reduction Applies to the reduction of NaCl as ~ 95% of Na intake originates from NaCl
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Abstract

The increase in children obesity worldwide has been of particular concern in recent decades.
Environmental factors have been proposed as contributors to obesity, and there is a growing concern
over obesogens, environmental chemicals with potential obesity-related endocrine-disrupting
properties. In this regard, bisphenol A (BPA) and its analogues are suspected to have obesogenic
properties. Current document report on the activities of the fellow, undertaken during the fourth,
2020–2021 cycle of the EU-FORA programme at the University of Granada, Institute of Nutrition and
Food Science, in Spain. The work programme offered by the hosting site was related to the
extrapolation of bisphenols exposure following the determination of these compounds in food
frequently consumed by children and in their biological samples. The fellow has participated in the
recruitment of the study population in the health centres. In addition, she has participated in the
collection of the children biological samples, anthropometric measurements and dietary surveys and in
the optimisation of the laboratory methodology for the extraction of bisphenols in biological samples.
All these activities also provided the fellow an opportunity to develop her data science related skills,
which will benefit her professional development. In addition, the fellow gained an overview of various
topics related to food safety risk assessment by attending the EU-FORA dedicated training modules.
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1. Introduction

Endocrine disrupter chemicals (EDCs) are a family of exogenous substances able to alter the
hormonal equilibrium of the body, they can cause adverse effects in nervous, cardiovascular and
reproductive system in both men and women (Kabir et al., 2015). In the last decade, some studies
have demonstrated EDCs can also behave as obesogens altering the endocrine system and then
leading to the onset of obesity (Vaamonde and �Alvarez-M�on, 2020). Obesity is worldwide increasing
over the last decades in adults as well as in children. In 2016, more than 1.9 billion adults, 18 years
and older, were overweight, of these over 650 million were obese. World Health Organization (WHO)
estimates the prevalence of overweight and obesity among children and adolescents aged 5–19 has
risen dramatically from just 4% in 1975 to just over 18% in 2016. Nowadays over 340 million children
and adolescents aged 5–19 are overweight or obese (Vaamonde and �Alvarez-M�on, 2020). This is
considered of particular concern as this population can develop diabetes mellitus type II and
cardiovascular disease among others. Recently different scientific studies have started to consider
additional factors playing a role in the onset of obesity including diet and lifestyle habits, genetics
(Herbert, 2008; Heindel and Blumberg, 2019), living environment (Nappi et al., 2016) and exposure to
obesogens. Obesogens can be found in food, dust, water, drugs and personal care products (PCPs), so
they can enter the human body by oral and dermal contact or inhalation (Monneret, 2017).

One of the most studied EDCs is bisphenol A (BPA). Since 1930, BPA has been used in the
manufacture of polycarbonate plastics and epoxy resins, and their use is widely extended as cans
coating in processed and ultra-processed food, where BPA can migrate from food contact material to
food, and enter the body by diet. The European Food Safety Authority (EFSA) established a limit of
4 µg kg weight�1 day�1 (EFSA, 2015); however, recently, a new limit of 0.04 ng kg weight�1 day�1

has been established (EFSA, 2021). Because of legal limits, industries have started to use BPA
analogues (bisphenols, BPs) with similar chemical structures and behaviour. However, specific limit
values of exposure have not been established yet for these compounds. BPs more commonly used
today are bisphenol S (BPS), bisphenol F (BPF), bisphenol E (BPE), bisphenol AF (BPAF), bisphenol P
(BPP) and bisphenol B (BPB). However, some studies have demonstrated that BPA analogues show
endocrine disrupting activities similar to BPA, and could act as obesogens at low concentrations
(And�ujar et al., 2019; Mart�ınez et al., 2020; Reina-P�erez et al., 2021). We have recently demonstrated
that some of those BPs including BPA are present in foodstuffs (G�alvez-Ontiveros et al., 2021; Garc�ıa-
C�orcoles et al., 2018).

Moreover, evidences of toxicity related to other BPA analogues used as substitutes of BPA are still
missing due to their recent appearance; they include bisphenol C (BPC), bisphenol Z (BPZ), bisphenol
AP (BPAP), bisphenol M (BPM) or bisphenol FL (BPFL). All chemical structures of target bisphenols are
shown in Appendix A.

The interest in finding an association between BPA and analogues exposure with obesity is
currently growing in the scientific community. In a recently published study, we have demonstrated an
association between dietary exposure and both total bisphenols and BPA in overweight/obese
adolescent girls (Robles-Aguilera et al., 2021). Therefore, the main objective of the fellow work
program was to learn how to measure bisphenols exposure in a children population to establish a
correlation between exposure and overweight/obesity.

1.1. Ethical considerations

This proposal was developed according to the Helsinki Declaration and human rights and
biomedical research. This proposal respect UNESCO Universal Declaration about human genome and
human rights. Moreover, the proposal was carried out according to the protocol established by the
Organic Law 15/1999, 13 December, which includes data about Personal Data Protection Law 41/2002.

2. Description of work programme

2.1. Aims

As part of the EU-FORA fellowship, the focus of this study was for the fellow to be involved in all
the activities required to obtain data, tools and possible biomarkers to correlate the estimation of
dietary exposure to BPA and analogues with endocrine-disrupting activity (BPS, BPP, BPF, BPB, BPE and
BPAF) in schoolchildren population and its impact in obesity. Her work was included the EFSA
Partnering Grants ‘OBEMIRISK-Knowledge platform for assessing the risk of Bisphenols on gut
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microbiota and its role in obesogenic phenotype: looking for biomarkers’ (Grant Agreement Number –
GP/EFSA/ENCO/2018/03 – GA04). Changes were proposed due to delays in field work in the collection
of samples due to the COVID-19 pandemic. The objectives were focus mainly on the estimation of BPA
and analogues in foods frequently consumed by the population under study, to acquire knowledge in
measuring the levels of these endocrine disruptors in different biological samples and to collaborate in
the know-how platform database.

In support of this objectives, the fellow also learn how to determine individual SNPs from hormonal
receptor genes. However, she does not participate in the genetic laboratory analyses due to COVID
restriction of the use of the laboratory.

2.2. Activities/methods

As part of the fellowship, the priority of the hosting site was to provide the fellow with the basic
theoretical background required to develop the questionnaires and perform the biological samples
analyses. The fellow joined a working team with proved expertise in the subjects.

s Population recruitment: sample collection (swabs, urine, saliva, hair and nails), FFQ (Food
frequency questionnaire) and anthropometric analyses in health centres.

s Experimental design (procedure of bisphenols extraction from saliva and urine, analytical
methods validations)

s Software tools specific for design of experiments, databases and data interpretation
(Statgraphics plus v.5.0; SPSS v.23; MassLynx v4.1).

s Analysis of bisphenols in food and biological samples.
s In addition, the fellow benefited from the EU-FORA dedicated training modules.

2.3. Food analysis

A total of 100 food products were purchased from the main Spanish supermarket chains. The
selected foods represent 95% of the daily intake of energy, macronutrients and micronutrients of the
children selected in this study (G�alvez-Ontiveros et al., 2021). Most of the foods were packaged in
plastic containers, cans and tetra bricks. The foods were divided into three categories based on the
NOVA classification (Monteiro et al., 2018). The categories recognised were minimally processed or
unprocessed, processed and ultra-processed.

The bisphenols determined in food were a total of 7 (BPA, BPAF, BPB, BPE, BPF, BPP and BPS).
The fellow learned the extraction and quantification protocol for bisphenols in food along with the

analysis and interpretation of the results (G�alvez-Ontiveros et al., 2021) and carried out the entire
procedure for better understanding and consolidation.

Regarding the foods analysed (Appendix B. Food list), the presence of bisphenols was detected in
51% of samples. BPA was detected in the majority of food samples analysed (28%) followed by BPS
(26%) and BPE (4%). The rest of the studied bisphenols were not detected. The concentrations
ranged from 1 ng g�1 (chocolate palm tree) to 409 ng g�1 (canned tuna in oil). The Figure 1 and
Table 1 below show the described results.

Figure 1: Percentage of detected bisphenols in analysed food samples
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The obtained results agreed with other evidences obtained in previous scientific studies where it
was observed that the highest concentrations of bisphenols have been found in canned foods (Gallart-
Ayala et al., 2011; Alabi et al., 2014; Russo et al., 2019). This may be due to the food contact material
covering the cans; it is usually epoxy resin obtained mainly from BPA (Abraham and Chakraborty,
2020) that can migrate from the container to the food. In addition, it was observed that the greater is
the contact time of food with the container, the greater will be the migration towards food, with
canned foods being the foods that spend the longest time stored in the pantries of our houses.

2.4. Recruitment of the study population

2.4.1. Study population

The fellow has participated in the recruitment of the studied population. The age of the children
selected for this study was ranged between 6 and 12 years old. The recruitment of the population was
carried out in different health centres where the fellow proceeded to collect the biological samples (hair,
swab, nails, saliva and urine), to take anthropometric measurements (weight, height, circumference of
waist and hip and bioimpedance) and to submit the survey containing questions related to dietary habits,
physical activity and exposure to bisphenols (Appendix C). Moreover, the fellow learnt how to perform
bisphenol exposure assessment using the data collected in the questionnaires.

Urine and saliva samples were stored at �80�C, while hair, nail and swab samples were stored at
room temperature until laboratory analysis.

2.4.2. Anthropometry

The anthropometric measurements were collected taking into consideration the documents
recommended by the WHO and the recommendations of the THAO program for the prevention of
childhood obesity (Gomez et al., 2014). The measuring instruments applied included: Floor scale
(model SECA 872), Tallimeter (model SECA 214 (20–207 cm)) measuring tape to measure the waist
circumference (model SECA 201) and the Plicometer (model Harpenden Skinfold Caliper-0120) to
measure skinfolds.

The fellow collaborated with the Dieticians-Nutritionists to learn how to make anthropometric
measurements for the subsequent classification of the population.

2.4.3. Survey

A questionnaire has been designed and validated to assess the risk of schoolchildren exposure to
BPA and its analogues through food consumption (Appendix C) (Robles-Aguilera et al., 2021). The
fellow had the opportunity to improve the questionnaire and contribute to the final version.

Table 1: Frequencies (%) and mean (ng g�1) of bisphenols in analysed food samples (G�alvez-
Ontiveros et al., 2021)

Bisphenols in foods

BPS BPE BPA ƩBPs

Unprocessed or minimally processed foods (n = 32)

Frequency (%) 46.88 6.3 21.88 63
Mean (ng g�1) 17.27 < LOQ 6 18.35

Processed foods (n = 21)
Frequency (%) 38.1 0 38.1 67

Mean (ng g�1) 39.49 0 86.3 35
Ultra-processed foods (n = 47)

Frecuency (%) 6.38 4.26 27.66 36
Mean (ng g�1) 47.48 < LOQ 35.3 38.34

All (n = 100)
Frecuency (%) 26 4 28 51

Mean (ng g�1) 28.99 < LOQ 43.28 30.4

ƩBPs: ƩBisphenols; LOQ: limit of quantification.
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2.5. Analysis of biological matrixes

Saliva, urine, nails and hair have been taken from children and new methodologies to determine
target endocrine disrupters have been developed. Selected bisphenols to be determine in all samples
were BPAF, BPF, BPE, BPA, BPC, BPB, BPZ, BPS, BPAP, BPM, BPP and BPFL (Appendix A).

2.5.1. Saliva

Procedures to analyse saliva were out-of-date, so first step was to develop a new original method
to guarantee optimum extraction of all bisphenols from the samples. The fellow helped to design the
experiments and to apply the extraction procedure. Final results about the optimisation and validation
have been published recently (Moscoso-Ruiz et al., 2022). Briefly, 1 g of fresh saliva is subjected to a
protein precipitation with ACN and acidic medium, followed by an ultrasound-assisted extraction with
ethanol and re-extracted with acetone (30 min, 35% power). Finally, the dry residue was reconstituted
with MeOH/H2O (30/70) (v/v) and injected into the liquid chromatography-tandem mass spectrometry
(LC-MS/MS) equipment. The fellow also learned how to optimise parameters in the equipment and the
theory behind spectrometry technique. Once the method was validated for the sensitivity and
sensibility, it was possible to use it to analyse samples of children saliva.

A total of 74 samples were analysed following this protocol. Results in Figure 2 show that 38% of
samples contained BPA, being the most frequently detected bisphenol. However, several BPA
analogues have been detected as BPP (28%), BPAP, BPAF, BPM (11%), BPB (8%), BPE, BPC (5.4%)
and BPZ (4%).

These results cannot be compared with other scientific studies, indeed as far as we know this is the
first study analysing BPA and analogues content in children saliva. However, Gomes et al. (2020)
reported evidences about BPA presence in saliva after dental treatment, as the dental composites and
resins contain this compound.

2.5.2. Urine

The procedure to analyse urine samples was taken from Vela-Soria et al. (2014) with some
modifications. Analysis of urine was performed by duplicate, with and without enzyme (total and free
BPs). Briefly, for free BPA, 4 mL of urine were taken and 4 mL of NaCl (aq) 10% (p/v) were added to
provoke ‘salting out’ effect, plus 100 µL of HCl 6 N to adjust pH to 2. Extraction was made by injecting
a solution of 400 µL of acetone and 600 µL of ethanol. The inferior portion of the mix was separated
in a new tube and the extraction was repeated four times, mixing the inferior parts. After that, an
evaporation of the mix was carried out, reconstituted in MeOH/H2O (30/70) (v/v) and injected into the
LC–MS/MS equipment. Total BPs was determined by adding to urine aliquot two different enzymes:
100 µL of b-glucuronidase from Helix Pomatia (solid) in acetate buffer and 25 µL of b-glucuronidase/
sulfatase (liquid). The same procedure was repeated to determine free BPs. After the method
validation, the procedure was carried out for all samples of urine collected. Results are illustrated in
Figure 3. They show that 40% of urine samples contained detectable quantity of BPA, but also we
found BPAF (5%) and BPF (1.3%) in different samples. These results are in concordance with other
studies concerning BPs in children urine; some of them detected BPA in remarkable concentrations and

Figure 2: Results from children saliva
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even established an association between BPA level in urine and body mass index (Tschersich et al.,
2021; Mahfouz et al., 2021).

3. Conclusions

3.1. Conclusions from the laboratory results

This project focused on the analysis and study of several matrices where BPA and its analogues can
be accumulated and evaluated as potential non-invasive human samples. Furthermore, food analysis,
in concordance with other studies, has demonstrated there are remarkable levels of BPs in foodstuffs.
On the other hand, the presence of BPs in children biological samples confirmed that BPs
bioaccumulate into the body, and further studies are needed to establish reliable biomarkers of
exposure. The final objective of the project was to demonstrate whether exposure to bisphenols is
associated to overweight and obesity in children. The statistical analysis of the results is still ongoing
to evaluate the relationship between BPs dietary exposure, their presence in biological matrices and
overweight and/or obesity in children.

3.2. Scientific activities during fellowship

During the fellowship, the fellow had the opportunity to participate to various scientific activities
including participation in various conferences/seminars/webinars:

XXV Jornadas Internacionales Nutrici�on Pr�actica y el XIV Congreso Internacional de la SEDCA. She
has contributed with the communication ‘Consumo de los alimentos en ni~nos en edad escolar para su
uso en la estimaci�on de la ingesta a disruptores endocrinos’. Held in Madrid, Spain, from April 20 to
22, 2021.

XXV Jornadas Internacionales Nutrici�on Pr�actica y el XIV Congreso Internacional de la SEDCA. She
has contributed with the communication ‘Concordancia entre la autopercepci�on del peso corporal y el
�ındice de masa corporal en una muestra de adolescentes espa~noles’. Held in Madrid, Spain, from April
20 to 22, 2021.

3.3. Conclusions from the participation in the fellowship programme

The EU-FORA programme offered the fellow an opportunity to learn about BPs dietary exposure
and its association with overweight/obesity in children. The fellow participated and learnt field work
such as submitting questionnaires to children in health centres, collecting biological samples such as
urine, saliva, hair and nails and performing chemical analyses to evaluate their presence in foods
frequently consumed by the population under study and in the biological samples collected. The fellow
learn about risk assessment of bisphenols reviewing literature related to the physico-chemical
characteristics of the substances, their health effects and the regulatory framework they are framed,
as well as practical hands-on exercises on risk assessment. This experience also provided the fellow an
opportunity to develop her data science related skills, which will benefit her professional development
as a data analyst.

In addition, the fellow gained an overview of various topics related to food safety risk assessment
by attending the EU-FORA dedicated training modules.

Figure 3: Results from children urines (free + conjugated)
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Abbreviations

AESAN Spanish Agency for Food Safety and Nutrition
BFPL bisphenol FL
BPA bisphenol A
BPAF bisphenol AF
BPAP bisphenol AP
BPB bisphenol B
BPC bisphenol C
BPE bisphenol E
BPF bisphenol F
BPM bisphenol M
BPP bisphenol P
BPS bisphenol S
BPZ bisphenol Z
Bw body weight
ECHA European Chemical Agency
HCl hydrochloric acid
LC–MS liquid chromatography–mass spectrometry
MeOH methanol
MRM multiple-reaction-monitoring
NaCl sodium chloride
TDI tolerable dietary intake
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Appendix B – Food List

FOOD LIST

Chocolate doughnuts Canned tuna in oil
Milk bread Frozen hake

Croissants Tuna dumplings (frozen precooked)
Chocolate palm (puff pastry with chocolate) Battered hake sticks (frozen precooked)

Cacao-filled roll (Bollycao) Bottle water
Chocolate rice pancakes Pizza

Homemade cake Ketchup
Muffins Tomato sauce

Hamburger bun Grape
Sandwich bread Blueberries

Milk bread with chocolate (Weikis) Pineapple
Cooked ham Raspberries

Sausage (salchichon, chorizo, frankfurt sausages, turkey cold cut
and mortadella)

Melon

Chicken burger Apple

Chicken Packaged apple
Serrano ham Pear

Olive Frozen red fruit mix
Anchovy stuffed olives Frozen mango

Whole milk plastic bottle Frozen chopped garlic
Tetra brick whole milk Frozen chopped onion

Chocolate milkshake Frozen chopped parsley
Semi-fermented milk Frozen spinach

Yogurts (fruits and natural) Tomato
Liquid yogurt Packaged tomato

Cheese (slice, spread and melting) striped carrot
Lentils Packaged carrot

Pasta packaged lettuce
Microwave rice cups Packaged pumpkin

Candy jelly packaged mushrooms
Corn snacks Guacamole

Chips Green pepper
Nachos Packaged eggs

Canned sweet corn
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Appendix C – Exposure to Bisphenols Food Questionnaire

Link:

https://docs.google.com/document/d/1Ryq2WwbnJRZgGP5qaHsCuJ1UQo62LqDR/edit?usp=sharing&ouid=
112625456176696250428&rtpof=true&sd=true

Association between dietary exposure to bisphenols and body mass

index in Spanish schoolchildren

www.efsa.europa.eu/efsajournal 13 EFSA Journal 2022;20(S1):e200421

https://docs.google.com/document/d/1Ryq2WwbnJRZgGP5qaHsCuJ1UQo62LqDR/edit?usp=sharing&ouid=112625456176696250428&rtpof=true&sd=true
https://docs.google.com/document/d/1Ryq2WwbnJRZgGP5qaHsCuJ1UQo62LqDR/edit?usp=sharing&ouid=112625456176696250428&rtpof=true&sd=true
https://docs.google.com/document/d/1Ryq2WwbnJRZgGP5qaHsCuJ1UQo62LqDR/edit?usp=sharing&ouid=112625456176696250428&rtpof=true&sd=true




Via Carlo Magno 1A
43126 Parma
ITALY

Tel. +39 0521 036 111
Fax +39 0521 036 110
www.efsa.europa.eu

TM
-BC-20-001-EN

-C

The European Food Risk A
ssessm

ent Fellow
ship Program

m
e

- Series 3 - 2020-2021

Via Carlo Magno 1A
43126 Parma
ITALY

Tel. +39 0521 036 111
Fax +39 0521 036 110
info@efsa.europa.eu
www.efsa.europa.eu

Print ISBN 978-92-9499-418-9 ISSN 2599-7335 doi:10.2805/311480 TM-BC-22-001-EN-C
PDF ISBN 978-92-9499-419-6 ISSN 2599-7343 doi:10.2805/20496 TM-BC-22-001-EN-N


	EFSA Journal - 2022 -  - Foreword
	EFSA Journal - 2022 -  - Introduction
	EFSA Journal - 2022 - Barbieri - Monitoring of pesticide amount in water and drinkable food
	 Abstract
	 Table of contents
	1. Introduction
	2. Description of work programme
	2.1. Aims
	2.2. Activities/Methods
	2.2.1. Expression and purification of EST2-S35C bioreceptor
	2.2.2. Labelling of EST2-S35C bioreceptor
	2.2.3. Biosensor validation
	2.2.4. Biosensor application


	3. Conclusions
	3.1. Bioreceptor preparation
	3.2. Biosensor application in real samples
	3.3. Additional scientific activities
	3.4. Disclaimer

	 References
	 Abbreviations

	EFSA Journal - 2022 - Cerk - Microbiota analysis for risk assessment  evaluation of hazardous dietary substances and its
	 Abstract
	 Table of contents
	1 Introduction
	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods
	2.2.1 Objective/Module 1: Comprehensive revision of literature data
	2.2.2 Objective/Modules 2 and 3: Practical work
	2.2.3 EU-FORA Fellowship additional activities and trainings

	2.3 Results and discussion

	3 Conclusions
	 References
	 Abbreviations
	 Annex A

	EFSA Journal - 2022 - Chalias - A risk assessment model for Salmonella spp  in swine carcasses
	 Abstract
	 Table of contents
	1 Introduction
	1.1 Food safety and hygiene
	1.2 Reported food-borne data
	1.3 Legislation's requirements

	2 Description of work programme
	2.1 Importance
	2.2 Activities/Methods
	2.3 Application of simulation model
	2.4 Additional relevant activities and learning opportunities

	3 Conclusions
	 References
	 Abbreviations
	 Appendix A
	 Appendix B

	EFSA Journal - 2022 - Conesa - Monitoring AMR in Campylobacter jejuni from Italy in the last 10 years  2011 2021  
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	1.1 Descrip�tion of the pathogen
	1.2 Sit�u�a�tion
	1.3 EFSA's Role in AMR
	1.4 NGS in Campy�lobac�te�rio�sis
	1.5 Data col�lec�tion

	2 Descrip�tion of the work pro�gramme
	2.1 Aims
	2.2 Activ�i�ties/Meth�ods
	2.3 Secondary activ�i�ties

	3 Results and con�clu�sions
	3.1 AMR
	3.2 Genetic approach
	3.3 Con�clu�sions from the par�tic�i�pa�tion in the EU-FORA pro�gramme

	 Ref�er�ences
	 Abbre�vi�a�tions
	 Appendix A
	 Appendix B

	EFSA Journal - 2022 - Galbiati - Risk Assessment of Food Contact Materials II
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	2 Descrip�tion of the work pro�gramme
	2.1 Aims
	2.2 Activ�i�ties/Meth�ods
	2.2.1 Data eval�u�a�tion in the con�text of an appli�ca�tion of new sub�stances into the `BfR Rec�om�men�da�tions on Food Con�tact Mate�ri�als'
	2.2.2 Hazard assess�ment of cyclic volatile methyl�silox�anes (cVMS)
	2.2.3 In vitro metabolic sta�bil�ity study of cyclic methyl�silox�anes using S9 frac�tion


	3 Con�clu�sion
	4 Dis�claimer
	 Ref�er�ences
	 Abbre�vi�a�tions
	 Appendix A

	EFSA Journal - 2022 - Garcia Cazorla - Emergent marine toxins risk assessment
	 Abstract
	 Table of contents
	1 Introduction
	2 Description of work programme
	2.1 Aims
	2.2 Activities and methodology
	2.2.1 Sampling, DNA extraction and shotgun metagenomic sequencing
	2.2.2 Computational data analysis: bioinformatics and statistics


	3 Conclusions
	3.1 Conclusions of the research study
	3.2 Conclusions of the EU-FORA Fellowship experience

	4 Disclaimer
	 References
	 Abbreviations

	EFSA Journal - 2022 - Garciarena - Risk benefit assessment of seaweed Allergenicity risk assessment of novel protein
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	1.1 Seaweed
	1.2 Risk-ben�e�fit assess�ment
	1.3 Aller�genic�ity risk assess�ment of novel pro�teins
	1.4 Risk assess�ment of novel foods

	2 Descrip�tion of work pro�gramme
	2.1 Aims
	2.2 Activ�i�ties/Meth�ods
	2.2.1 Risk-Ben�e�fit Assess�ment of sea�weed
	2.2.2 Aller�genic�ity risk assess�ment of sea�weed pro�tein
	2.2.3 Novel food appli�ca�tion
	2.2.4 Addi�tional activ�i�ties


	3 Con�clu�sions
	 Ref�er�ences
	 Abbre�vi�a�tions
	 Appendix A

	EFSA Journal - 2022 - Golden - Seafood safety
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	1.1 Euro�pean Food Risk Assess�ment Fel�low�ship Pro�gramme (EU-FORA)
	1.2 Back�ground to Risk Assess�ment

	2 Descrip�tion of work pro�gramme
	2.1 Aims
	2.2 Activ�i�ties/Meth�ods
	2.2.1 Assess�ing raw fish con�sump�tion trends and sociode�mo�graphic and health char�ac�ter�is�tics of raw fish con�sumers
	2.2.2 Assess�ing con�sumer risk per�cep�tion, aware�ness of Anisakis and `will�ing�ness to pay' for Anisakis-free fish
	2.2.3 Exam�ine the risk of anisakio�sis in the Por�tuguese pop�u�la�tion from con�sump�tion of raw or under�cooked fish
	2.2.4 Deter�min�ing the preva�lence and dis�tri�bu�tion of Anisakis spp. lar�vae in a sam�ple of Euro�pean hake
	2.2.4.1 UV-Press anal�y�sis
	2.2.4.2 Sta�tis�ti�cal anal�y�sis of UV-Press results

	2.2.5 Molec�u�lar anal�y�sis of Anisakis L3 obtained from a range of fish species


	3 Con�clu�sions
	 Ref�er�ences
	 Abbre�vi�a�tions
	 Annex A
	 Annex B

	EFSA Journal - 2022 - Kowalczyk - Risk assessment of rare earth elements  antimony  barium  boron  lithium  tellurium 
	 Abstract
	 Table of contents
	1 Introduction
	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods

	3 Conclusions
	3.1 Risk assessment
	3.2 Final conclusions

	 References
	 Abbreviations
	 Appendix A
	 Appendix B

	EFSA Journal - 2022 - Mendes - Appraising diet disease associations to be used in risk assessment  including an insight in
	 Abstract
	 Table of contents
	1 Introduction
	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods
	2.2.1 Identification of the subject matter and patterns of consumption of pulses in Greece and beyond
	2.2.1.1 Definition of the exposure
	2.2.1.2 Assessment of trends in the consumption of pulses worldwide, in Europe and Greece

	2.2.2 Understanding of the current state of the art: health outcomes associated with the consumption of legumes
	2.2.3 Assessment of dose-response associations between the consumption of legumes and the selected health outcome
	2.2.3.1 Literature search and selection of studies
	2.2.3.2 Data extraction and dose calculation
	2.2.3.3 Risk of bias assessment
	2.2.3.4 Dose-response analysis

	2.2.4 Additional activities
	2.2.4.1 Preliminary literature review on anti-nutrients present in pulses



	3 Conclusions
	 References
	 Abbreviations
	 Appendix A
	 Appendix B

	EFSA Journal - 2022 - Mombert - Study of the different evaluation areas in the pesticide risk assessment process
	 Abstract
	 Table of contents
	1 Introduction
	1.1 Low-risk active substances
	1.2 Secondary metabolites
	1.3 Integrated Pest Management

	2 Description of the work programme
	2.1 Aims
	2.2 Activities

	3 Conclusions
	3.1 Low-risk active substances
	3.2 Applicability of the new SANCO Guidance
	3.3 Integrated Pest Management
	3.4 Fellowship experience

	 References
	 Abbreviations
	 Appendix A
	 Appendix B
	 Appendix C

	EFSA Journal - 2022 - Morgado - Meta analysis and systematic literature review of climate change effects on livestock
	 Abstract
	 Table of contents
	1 Introduction
	1.1 Climate change and livestock welfare
	1.2 Heat stress and Temperature-humidity index (THI)

	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods
	2.2.1 Experience gained on meta-regression analysis (MRA): systematic literature review (SLR) and semi-quantitative analysis
	2.2.2 Semi-quantitative analysis


	3 Conclusions
	3.1 Conclusions from the meta-analytic study
	3.2 Scientific activities of the fellowship
	3.3 Conclusions from the participation in the fellowship programme

	 References
	 Abbreviations
	 Appendix A
	 Appendix B

	EFSA Journal - 2022 - Niegowska - Improving the risk assessment of antimicrobial resistance  AMR  along the food feed chain
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	1.1 Gen�eral back�ground on the risk assess�ment of AMR in agroe�cosys�tems
	1.2 Host�ing site risk assess�ment pro�jects address�ing AMR

	2 Descrip�tion of work pro�gramme
	2.1 Aims
	2.2 Activ�i�ties/Meth�ods
	2.2.1 Com�pre�hen�sive revi�sion of avail�able data
	2.2.2 Prac�ti�cal work - quan�tifi�ca�tion of ARGs in envi�ron�men�tal sam�ples
	2.2.3 Risk assess�ment train�ing


	3 Results
	4 Con�clu�sions
	5 Dis�claimer
	 Ref�er�ences
	 Abbre�vi�a�tions

	EFSA Journal - 2022 - P pal - Assessment of endocrine disruptive properties of PFOS  EFSA ECHA guidance case study
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	1.1 ED Assess�ment
	1.2 New approach method�olo�gies
	1.3 Adverse Out�come Path�ways

	2 Descrip�tion of work pro�gramme
	2.1 Aims
	2.2 Meth�ods
	2.2.1 AOP net�work
	2.2.2 Sys�tem�atic lit�er�a�ture search
	2.2.3 Data col�lec�tion and eval�u�a�tion
	2.2.4 Weight of evi�dence assess�ment

	2.3 Activ�i�ties

	3 Con�clu�sions
	 Ref�er�ences
	 Abbre�vi�a�tions
	 Appendix A
	 Appendix B

	EFSA Journal - 2022 - Papadi - Assessment of the possible health risks associated with the consumption of botanical
	 Abstract
	 Table of contents
	1 Introduction
	1.1 European Food Risk Assessment Fellowship Programme (EU-FORA)
	1.2 General background regarding the risk assessment of Mitragyna speciosa

	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods
	2.2.1 Preparation of a monograph regarding the risk assessment of Mitragyna speciosa
	2.2.2 EU-FORA Fellowship supporting programme


	3 Conclusions
	3.1 Conclusions regarding Mitragyna speciosa (kratom) risk assessment
	3.2 Conclusions regarding the participation in the EU-FORA programme

	 References
	 Abbreviations

	EFSA Journal - 2022 - Papadopoulos - Training in tools to develop quantitative risk assessment of fresh produce using water
	 Abstract
	 Table of contents
	1 Introduction
	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods
	2.2.1 Practical work, research project on QMRA of leafy greens irrigated with reclaimed water
	2.2.2 Training in risk assessment

	2.3 Secondary scientific activities during fellowship
	2.3.1 Participating in various conferences/webinars/meetings
	2.3.2 Oral presentation


	3 Results
	4 Conclusions from the participation in the EU-FORA programme
	 References
	 Abbreviations
	 Annex A

	EFSA Journal - 2022 - Pennone - Integration of genomics in surveillance and risk assessment for outbreak investigation
	 Abstract
	 Table of contents
	1 Introduction
	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods

	3 Conclusions
	3.1 Future goals

	 References
	 Abbreviations
	 Appendix A

	EFSA Journal - 2022 - Rodrigues - Monitoring of pesticide amount in fruit and vegetables
	 Abstract
	 Table of contents
	1 Introduction
	1.1 European Food Risk Assessment Fellowship Programme (EU-FORA)
	1.2 Biosensors as new tools for pesticide monitoring

	2 Description of work programme
	2.1 Aims
	2.2 Activities/Methods
	2.2.1 Overexpression and purification of EST2-S35C
	2.2.2 EST2-S35C labelling
	2.2.3 EST2-S35C as a bioreceptor in FRET-based methods
	2.2.4 EST2-S35C immobilisation and use in a 3D printed system
	2.2.5 Design and optimisation of 3D printed holder for fluorescence measurements


	3 Conclusions
	3.1 EST2-S35C as a bioreceptor in FRET-based methods
	3.2 EST2-S35C immobilisation and use in a 3D printed system
	3.3 Additional scientific activities

	 References
	Abbreviations

	EFSA Journal - 2022 - Rybicka - Benefit and risk assessment of replacing of sodium chloride by other salt substances in
	 Abstract
	 Table of con�tents
	1 Intro�duc�tion
	2 Descrip�tion of work pro�gramme
	2.1 Aim and activ�i�ties/meth�ods

	3 Results, dis�cus�sion and con�clu�sions
	3.1 Task 1: Guide�li�nes for salt reduc�tion in seafood
	3.2 Task 2: Exper�i�men�tal stud�ies
	3.3 Task 3: Dis�sem�i�na�tion

	 Ref�er�ences
	 Abbre�vi�a�tions
	 Glos�sary
	 Annex A
	 Annex B

	EFSA Journal - 2022 - Stecca - Association between dietary exposure to bisphenols and body mass index in Spanish
	 Abstract
	 Table of contents
	1. Introduction
	1.1. Ethical considerations

	2. Description of work programme
	2.1. Aims
	2.2. Activities/methods
	2.3. Food analysis
	2.4. Recruitment of the study population
	2.4.1. Study population
	2.4.2. Anthropometry
	2.4.3. Survey

	2.5. Analysis of biological matrixes
	2.5.1. Saliva
	2.5.2. Urine


	3. Conclusions
	3.1. Conclusions from the laboratory results
	3.2. Scientific activities during fellowship
	3.3. Conclusions from the participation in the fellowship programme

	References
	 Abbreviations
	 Appendix A
	 Appendix B
	 Appendix C




