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Dear reader,

More than six months have already passed since the previous issue of Labinfo.  In the 
meantime, quite a few changes were made to the management team of DG Laboratories. 

On January 1st, Yasmine Ghafir was appointed director of external laboratories, a 
responsibility Dirk Courtheyn had assumed with a great level of professionalism during 
the transitional period following the retirement of Walter Smedts. Yasmine already has 
10 years of FASFC experience under her belt working as a staff member for the Agency’s 
CEO. In this capacity she was responsible, among other things, for following up on the 
objectives set out in the business plan, the final editing of the Agency’s activity report 
and ensuring the follow-up of the DG Laboratories. Prior to her career as a staff member, 
Yasmine spent 10 years working in the Laboratory for Food Microbiology of the Veterinary 
Medicine Faculty at the University of Liège (led by Professor Georges Daube), where she 
was responsible for the FASFC’s national reference laboratory for microbiology.

Early January, Sacha Diaine left the food agency after a 16-year stint to embark upon new 
challenge in the corporate world. This meant that his position became available.  

On April 1, Mandy Lekens was appointed director of the Agency’s laboratories, after 
having served as director ad interim for a few months. Mandy has 15 years of experience 
in the laboratory of Tervuren, 9 of which as laboratory manager. She previously worked in 
the same laboratory as the head of the Contaminants and Additives department. 

Since the departure of Mandy Lekens, Mieke Vanbrabant, head of the Additives section, 
serves as the daily operations manager ad interim at the Laboratory of Tervuren.

We are convinced that Yasmine, Mandy and Mieke will be successful in their new jobs. 

This issue of Labinfo will focus on a number of new food safety techniques and food safety 
threats. A remarkable article deals with the Xylella bacteria, which is a true nightmare for 
the areas affected and threatened by the disease. Furthermore, one article deals with 
the organization and results of the unique proficiency tests for multi-mycotoxin analsysis 
methods that use “naturally” contaminated materials, which are organized annually by 
CODA-CERVA. This article was written by Philippe Debongnie, a highly appreciated and 
passionate researcher who unexpectedly passed away on July 26, 2016. Our thoughts go 
out to his family and colleagues. 

I hope you will enjoy reading this 15th issue of Labinfo.

Bert Matthijs
Director-General Laboratories

Editorial
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The Xylella fastidiosa chronicles 
Johan Van Vaerenbergh
Institute for Agricultural and Fisheries Research, Plant Sciences, Crop Protection 
Diagnostic Centre for Plants, Burg. Van Gansberghelaan 96, 9820 Merelbeke

The situation in a nutshell 

In October 2013, a chill flowed through the plant health community of the EU by the formal announcement that 
Xylella fastidiosa was found in diseased olive trees in the south of Italy. Centuries-old olive trees in the Apulia re-
gion on the peninsula Salento were declining for a few years due to ‘Complesso del Disseccamento rapido dell’Olivo’. 
The initial diagnosis of wood fungi and damage caused by the larvae of the Wood Leopard Moth (Zuzera pyrina) 
as likely causes of the diseased trees was not very convincing, since many withered olive trees did not display any 
damage caused by these organisms. Xylella was detected and identified as the primary cause of the disease and 
this immediately resulted in containment measures, in particular the destruction of infected olive trees. 
At present, the number of affected olive trees amounts to more than one million, in spite of processions and 
blessings of olive groves. The oldest and most legendary olive tree in the region, the approximately 1500-year old 
‘Gigante di Alliste’ is also affected by Xylella.

Figure 1. Sequence types (ST) of Xylella fastidiosa in the phylogenetic network of by means of MLST-typing of 7 bacterial 

genes (Scally et al., 2005). The subspecies fastidiosa, multiplex and pauca are strongly heterogeneous 

(branched structure) because of genetic recombination (Loconsole et al., 2016).

ST53 = X.f.subsp. pauca, CODiRO strain from an olive tree in Apulia, Italy(2013). 

ST73 = X.f.subsp. pauca from Coffea arabica from Costa Rica (intercepted in Italy, 2015)

ST72 and ST76 = strains fromCoffea arabica in Costa Rica (intercepted in Italy, 2015) with genetic characteristics of both 

X.f.subsp. fastidiosa and X.f. subsp. sandyi 

ST16 = X.f.subsp. pauca, from Coffea arabica in Brazil and which was also found in olive trees in Brazil.
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In the meantime, monitoring research established the presence of the Xylella bacterium in 22 other Mediterra-
nean trees and shrubs, among others in oleander, almond trees, weaver’s broom (Spartium junceum), myrtle-leaf 
milkwort (Polygala myrtifolia), Acacia saligna, Westringia fruticosa, Rhamnus alaternus, Myrtus communis… Genetic 
analysis by means of MLST (Multi Locus Sequence Typing) has clearly demonstrated that all the plant species are 
affected by the same Xylella strain (CoDiRO strain, sequence type (ST) 53 in figure 1). This research also showed 
that one single introduction, probably somewhere between 2008 and 2010, is responsible for the damage caused 
to the olive cultivation and the Mediterranean landscape (Saponari et al., 2013 ; Saponari et al., 2014 ; Martelli et al., 
2016 ; Loconsole et al., 2016).

Xylella fastidiosa mainly affects vineyards and viticulture in the USA and citrus cultivation in South America, mainly 
in Brazil. In the United States, the bacterium is also found in ornamental plants and trees in urban areas. In Central 
and South America the disease is often present in coffee plants (Rodriguez et al., 2001; Montero-Astúa et al., 2008). 
In Asia, the bacterium was diagnosed in Taiwan; first in Nashi pear trees (Leu & Su, 1993), but it is now obvious that 
this strain mirrors another Xylella species, which is provisionally referred to as Xylella taiwanensis (Chen et al., 2014). 
Later Xylella fastidiosa was found in grapevines (Su et al., 2013). In Iran, the presence of Xylella fastidiosa was re-
ported in grapevine and almond trees (Amanifar et al., 2014) but the bacterial strains were not fully identified, nor 
deposited in a culture collection. The reports from Turkey (Güldür et al., 2005) and Lebanon (Temsah et al., 2015) 
were not underpinned by isolation of the bacterium and thus they remain inconclusive. 
The history of Xylella in the EU begins in 2012 when the bacterium was found in France in coffee plants from 
Mexico (Coffea canephora) and Ecuador (Coffea arabica) which were kept in a biosafety greenhouse for in-vitro 
multiplication by Nestlé R&D (Legendre et al., 2014; Jacques et al., 2016). In 2014, the bacterium was again inter-
cepted in coffee plants, this time imported into the Netherlands from Costa Rica (Bergsma et al., 2014). At the 
moment of this finding, the coffee plants had already been distributed throughout the EU and afterwards Xylella 
notifications came in from France, Italy, Austria, Germany and the United Kingdom. These events have urged the 
European Commission to take emergency measures intended to prevent the introduction and the spread of this 
bacterium (Decision 2015/789). Each Member State has to conduct a mandatory survey on its territory, mainly 
on plant species that are particularly susceptible to infection by the bacterium. In July 2015, Xylella fastidiosa was 
found on Corsica and in October 2015 also on the French mainland along the Côte d’Azur (Nice, Antibes, Toulon). 
In each case, the majority of the findings pertained to the myrtle-leaf milkwort Polygala myrtifolia (EPPO, 2015).

In its host Xylella fastidiosa is exclusively found in the plant’s water conducting system (the xylem). The symptoms 
are a consequence of the impeded supply of water to the leaves and may look as drought damage at first sight. 
The leaves often display autumn discolouration characterized by shrivelling yellow leaf margins (leaf scorch or leaf 

scald, see composed figure 2A/B/C/D), followed by shrivelling of entire leaves and branches, stunted growth and 
eventually withering of the entire plant. The damage is more or less severe depending on the plant species, the 
Xylella variant and the environmental conditions.
Xylella fastidiosa mainly affects woody plants. The bacterium is not very selective. It has already been reported in 
more than 300 plant species from over 60 botanical families. In many plant species the infection process is very 
unpredictable and it often takes months before the presence of the bacterium becomes visible. The majority of 
the plant species in which Xylella is detected show very few or even no symptoms at all, but they are carriers of 
the bacterium and act as a reservoir for transmission to other plant species which are possibly more susceptible to 
the disease. Apparently, Xylella mainly causes damage to plant species of first contact. A telling example is the de-
vastation the bacterium caused in the European grapevine (Vitis vinfera) in California, contrary to many American 
grapevines (Vitis rotundifolia among others) which are symptomless carriers of the pathogen. The introduction of 
Xylella in the Mediterranean basin has already caused 41 new plant species to become infected with the bacte-
rium, among which lavender, Pelargonium and Cistus (rock rose).
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Figure 2A. 

X.f. subsp. multiplex in Polygala myrtifolia. 

Credit : Bruno Legendre, SPV-Anses, Angers, France

Figure 2B. 

X.f. subsp. multiplex in an elm tree. 

Credit : Brian Olson, Oklahoma State University @ Bugwood.org 

Figure 2C. 

X.f. subsp. fastidiosa in grapevine (Pierce’s disease).

Credit : PD/GWSS Board, California Department of Food and Agricul-

ture 

Figure 2D. 

X.f. subsp. pauca in olive tree

Credit : http://www.centumcellae.it 
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Several variants of Xylella fastidiosa exist, each with their particular geographic distribution and their preference for 
certain plant species. 5 varieties (subspecies) can be distinguished :
• X. f. subsp. fastidiosa: mainly infects grapevine (e.g. the original variety causing Pierce’s Disease)  

and almond tree. 
• X. f. subsp. multiplex: the variety displaying the largest diversity of host plants, among which almond tree 

and other Prunus species, as well as ornamental plants, broad-leaved trees in the urban landscape, such as oak, 
sycamore, maple and elm. This variant has been identified on Corsica and along the Côte d’Azure in France. 

• X. f. subsp. pauca, infects citrus trees, mainly orange trees, and coffee plants. This variety was found in olive 
trees and Mediterranean shrubs in the south of Italy. 

• X. f. subsp. sandyi, so far only found in oleander in the USA.
• X.f. subsp. morus, so far only found in mulberry (Morus alba) in the USA. 
A possible sixth variant X.f. subsp. tashke was found in Chitalpa tashkentensis in New Mexico, USA. 

The Xylella archetype originated on the American continent probably thousands of years ago. It is believed that 
the bacterium coexisted with plants in the natural environment without causing much damage. The bacterium 
then evolved into the multiplex variant in the temperate climate of North America, into the fastidiosa variant in 
Central America and into the pauca variant in South America. The fastidiosa variant causing Pierce’s disease in gra-
pevine is thought to have been introduced into California from Mexico somewhere around 1880 (Nunney et al., 
2010). Contact with the European grapevine had disastrous consequences. By 1890, 16,000 ha of grapevines were 
destroyed in the Los Angeles basin. Conversely, the multiplex variant was introduced into South America from 
North America. Contact with the indigenous pauca variant resulted in recombinant strains, which could more 
easily infect citrus trees and coffee plants (Nunney et al., 2012).
The pathogen is presumably introduced from the American continent into southern Italy, Corsica and France. In 
fact, the ST53 strain from southern Italy is closely related to the ST73 strain found in coffee plants in Costa Rica (Lo-
console et al., 2016, see figure 1). The pauca variant is also found in olive trees in Brazil (Coletta-Filho et al., 2016) 
and Argentina (Haelterman et al., 2015). The genetic profile of the pauca strain from Brazilian olive trees is identical 
the ST16 strain COF0238 from Coffea arabica in Brazil. The multiplex strains from Corsica and the French mainland 
are closely related to strains found in almond and plum trees in the USA. 
Although Xylella fastidiosa has been included in the European legislation on plant health since the first edition of 
December 21, 1976 (now in Directive 2000/29/EC of May 8, 2000 and the RD of 10/08/2005), host plants of Xylella 
have been imported from the American continent into the EU for years without checks on latent presence of the 
pathogen. This fuels the presumption that Xylella could have been repeatedly introduced into Europe much ear-
lier. As long as the bacterium does not cause obvious damage in plant nurseries or in cultivated plants, it remains 
undetected. Infected plants which do not display any symptom are mainly problematic when they are imported 
from areas where Xylella is present. They can end up anywhere in the EU, for instance in the south of Italy where 
the interaction of Xylella, plant hosts and environment appears to be conducive for epidemic development. 
So far, there are no indications that the presence of Xylella in olive trees and in the urban and natural landscape 
poses a threat to grapevine and citrus. However, genetic recombination appears to be a powerful driver for the 
emergence of new strains of Xylella fastidiosa in areas where the organism was not known before. It is not incon-
ceivable that the strains currently present in Europe will come into contact with each other and result in new 
strains which are compatible with grapevine and citrus. 

Figure 2B. 

X.f. subsp. multiplex in an elm tree. 

Credit : Brian Olson, Oklahoma State University @ Bugwood.org 
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Biology of Xylella and fitness in the plant host

Obviously, Xylella will not be transmitted by merely touching a plant, since the bacterium is exclusively present in 
the plant’s water conducting system (the xylem). The bacterium is spread naturally by insects who puncture the 
xylem to feed on the xylem fluid. These fluid-feeding insects transmitting the bacterium are cicadas (Redak et al., 
2004). They belong to the order of the true bugs (Hemiptera). As is the case with other insect orders, their classifi-
cation is subject to change. This group is currently referred to as Auchenorrhyncha, the smaller jumping bugs. The 
most important are the dwarf cicada or leafhoppers (sharpshooters Cicadellidae) and the foam cicada (froghop-
pers or spittlebugs Cercopidae). 
The most important vector of Xylella in Apulia is the foam cicada Philaenus spumarius (figure 3A/B). This vector is 
commonly found in Europa, thus also in Belgium it is widespread. This insect is also present in the USA, but cicada 
barely play a role in the Xylella biology over there. The eggs of the insect usually go into hibernation, which means 
that the adult insect has to be re-infected each year. During mild winters, however, the adult insect, and conse-
quently also the Xylella bacterium, is able to survive. This is for instance the case in Mediterranean areas where the 
Xylella vector is a resident in the natural vegetation. 

Figure 3A. 

The foam cicada Philaenus spumarius, 

vector of Xylella fastidiosa in Apulia. 

Credit: Kai Rösler, 2009 @ 

Figure 3B. 

Larva (nymph) of the foam cicada 

Philaenus spumarius.

Credit : J. Skaftason @ http://ftp.funet.fi 



98

The xylem fluid is not rich in nutrients and consequently a large amount of xylem fluid is absorbed during a 
feeding cycle. This way many Xylella cells may also be absorbed. The presence of Xylella in the insect vector is 
well-documented for vectors on the American continent. After absorption, the bacterium attaches to the wall 
of the foregut and afterwards lodges in a biofilm of upright cells (Purcell et al., 1979 - figuur 3C). Apparently, the 
absorbed Xylella cells must be preconditioned to do this (Hill & Purcell, 1997). If the cicada takes in roaming Xylella 
cells from the xylem fluid, the bacterium will not, or barely not, settle in the host. The bacterium can also multiply 
in the foregut’s biofilm (Newman et al., 2004). It does not need an incubation period in the vector and can be 
transmitted almost immediately after absorption. The larval stages (nymphs) can also contract and spread Xylella 
but they lose their contagiousness each time they moult (shed their skin). The adult insect is contagious during its 
entire life cycle. However, it remains to be seen how the bacterium performs in the European vector(s). 
Cicada are polyphagous, but they show a preference for certain plant species. The transmission is not equally ef-
fective for each plant species. They only fly over short distances (about 100 m) but are passively transported over 
longer distances, e.g. by wind or as alien hitch-hikers in cars. 

Figure 3C. 

Xylella fastidiosa established as up-right cells 

in a biofilm in the foregut of Graphocephala 

atropunctata (Killiny et al., 2009).

Some plant species show a clear disease picture after infection, but in (many) other cases the bacterium is latently 
present. This has to do with the way Xylella lives in the plant. The bacterium prefers to dwell freely (as planktonic 
cells) in the xylem tubes of the plant. If Xylella attaches to the xylem wall, micro-colonies develop into a biofilm 
and aggregates impede the free flow of water (figure 4). A chemical compound regulates communication 
between Xylella cells and the development of the aggregates. When aggregates block the xylem vessel, the 
bacterium itself is compromised, since it is cut off from water and nutrients. It releases enzymes which pierce the 
septum between two xylem vessels, allowing the bacterium to escape from its life-threatening conditions into an 
adjacent vessel. In clogged xylem mainly dead Xylella cells are found. 
The transition from a dwelling planktonic cell into an aggregate and thus the transition from latent presence into 
disease, is determined by multiple factors. Many of these triggers were studied in grapevine, but not in other plant 
species. The pH and the chemical composition of the xylem fluid will, among other things, determine whether 
Xylella will be present in its planktonic or in its aggregate form (Zintsun, 2006; Andersen et al., 2007). Xylella itself 
intensifies the clogging by releasing enzymes that affect the walls of the xylem vessel causing the plant to deposit 
callose to fortify its walls (Nascimento et al., 2016). Like cholesterol in the veins, callose will narrow the xylem ves-
sels. In the XYLERIS project (financed by the FPS Health, Food Chain Safety and Environment ), the ILVO resear-
chers study the impact of our climatic conditions on the proliferation of Xylella in different plant species. Specific 
soil conditions such as poor/rich in nutrients and humidity/drought are analysed as possible triggering mecha-
nism for the pathogenic phase of Xylella in the plant. 
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The amount of Xylella cells in the plant varies strongly depending on the season and environmental conditions, 
which determine the quantity of xylem fluid and its chemical composition. The highest concentration of Xylella 
is detected during the summer months. Low temperatures apparently limit the bacterium’s activity. For survival, 
the bacterium prefers mild winters allowing the plants to remain active. Areas situated farther up north thus seem 
to be able to avoid the destructive consequences of Xylella. The most northern findings of Xylella were made in 
broadleaf trees in urban areas at about 50° northern latitude. During fall, the bacterium seems to retreat from 
the crown of the tree into the trunk and the roots for hibernation; to resurface in the branches and twigs during 
spring. The hotspots for development and establishment of Xylella in Europe were coloured on the map after 
processing 19 ecological factors (Bosso et al., 2016).

Figure 4. 

Xylella fastidiosa aggregates in a xylem 

vessel of a grapevine. The arrow indicates 

a membrane pit through which the 

bacterium can escape into an adjacent 

xylem vessel (Newman et al., 2004).

Hotspots for Xylella fastidiosa in Europe. The northern border runs from Portugal and central Spain north of Madrid 
and the Balearic islands to Corsica and the Tyrrhenian coast south of Rome, the south of Italy, the coastal regions 
of Montenegro and Albania, the south of Greece (north of Delphi and Athens) and the north of Turkey. There are 
also a few hotspots along the French Riviera (Côte d’Azur). North Africa and the Middle East are ideal areas for the 
bacteria to become established. No hotspots are expected in Belgium. 
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Inspection by the FASFC and diagnosis by ILVO. 

The early detection of Xylella fastidiosa is crucial to protect cultivation in nurseries and horticulture, public green 
spaces and urban landscapes. The FASFC conducts surveys at import, in plant nurseries, in garden centres and in 
the urban and natural environment. The most efficient route for long-distant spread of the bacterium is trade in 
and transport of contaminated plants. Since 19 May 2015, 160 plant species from 27 botanical species can no lon-
ger be simply introduced into the EU. The import requirements imply, amongst others, that the exporting country 
must attest that Xylella fastidiosa is not present on its territory. 
In the EU regulations Xylella fastidiosa has the status of a particular harmful organism. The bacterium can be 
present in multiple plant species or plant products and poses a threat to the entire EU. If the pathogen would be 
detected in Belgium, this could have far-reaching economic consequences for horticulturists and plant retailers. 
The Commission Implementing Decision 2015/789 of 18 May 2015 imposes i.a. that in case of ascertainment of 
Xylella fastidiosa the Member State must establish a demarcated area which consists of an infected zone surroun-
ded by a buffer zone and that measures are undertaken for the eradication of organism, in particular that all plants 
capable of hosting the bacterium have to be removed within a 100 meter radius of the infestation, irrespective of 
their health status.  A 10 km buffer zone has to be established around the infected zone in which Xylella infections 
are intensively traced. The demarcated area can only be lifted if Xylella is not detected there during five conse-
cutive years. Meanwhile, the movement of host plants within and outside of the demarcated buffer zone is not 
allowed. It is possible to deviate from these provisions for isolated Xylella infections which can be easily eradicated, 
provided there is evidence that the organism was recently introduced with the plants on which it was found and 
that there is indication that those plants were infected before their introduction. Furthermore, no vectors carrying 
Xylella may be detected. As of 2016, a plant passport will also be required for all plant species that were found to 
be contaminated in the EU. This obligation applies to all movement within the EU between professional operators 
and third parties of, among other things, shrubs, trees, bedding and pot plants destined for the end user, public 
sale, garden centres, construction markets, gardeners, nature conservators, land owners and municipal horticul-
turists. These measures do not apply to seeds and final products such as fruit and cut flowers. Also, a number 
of countries outside of the EU have considerably reinforced their import requirements for European plants and 
planting materials. In-vitro plants, for example, cannot be exported to Australia without a double check. 
The Implementing Decision 2015/789, amended by implementing decision 2015/2417 makes it mandatory for 
every Member State to conduct a survey on their territory. At first instance, this survey targets a visual inspection 
of specific plant species, but it also implies sampling and analysis. Moreover, each Member State has to develop a 
contingency plan specifying the actions to be taken in case Xylella is found and to raise awareness to the general 
public, travellers, professional and international transport operators concerning the threat of Xylella. Any person 
who suspects or becomes aware of the presence of Xylella must inform the responsible official plant health body 
and provide it with all relevant information concerning the presence or suspected presence of the bacterium. This 
has already contributed in Germany to detect Xylella in a greenhouse of a small nursery in Saxony in which plants 
of private owners overwintered. One Nerium oleander plant showed symptoms and was found to be infected.

Needless to say that the implementation of the legislation requires a considerable amount of analysis. Conside-
ring the movement of Xylella in the plant’s vascular system, the bacterium can be found basically anywhere in the 
plant. The analysis targets the detection of the bacterium in the petioles and in the midrib of the leaves (figure 
5A/B/C). A maximum of 25 leaves is processed in one single analysis. It is appropriate to analyse multiple samples 
from a single consignment of plants when it is known that the bacterium is usually latently present, e.g. in coffee 
plants. 
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Xylella is very difficult to cultivate on a growth medium. That is why the bacterium is initially detected using mole-
cular techniques. This is done in TaqMan® real-time PCR (Harper et al., 2010) on the rimM gene which contributes 
to translation of 16S rRNA. This test detects all variants of Xylella fastidiosa. A negative analysis result is reported as 
the absence of X.fastidiosa. The analysis is finalised. A positive analysis result is reported as the suspected presence 
of X.fastidiosa. The analysis is continued using other molecular tests, a.o. the gyrB barcode (Rodrigues et al., 2003) 
and the subspecies determination (among others Hernandez-Martinez et al., 2006). A positive result in these tests 
confirms the presence of Xylella fastidiosa. 
The next step in the analysis is cultivation on BCYA (Buffered Charcoal Yeast Extract Agar) medium with L-cystein 
en ironpyrophosphate (Janse et al., 2012), a medium originally developed for culturing Legionella. It usually takes 
10 to 15 days to obtain Xylella colonies of about 1 mm but some strains require up to 4 weeks for their isolation. 
Finally, colonies are grown in pure culture and strain typing is performed (ST analysis). The investigation is conclu-
ded with providing evidence of pathogenicity. The strain is inoculated into the plant species from which it was 
isolated, in Polygala myrtifolia (an indicator plant that rapidly displays disease symptoms), in Catharanthus roseus 
(Monteiro et al., 2001) and Nicotiana tabacum SR1 (Francis et al., 2008). 

Figure 5A. 

Sample of Polygala myrtifolia 

for diagnosis of Xylella fastidiosa
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One hundred years after the first scientific reference to a bacterial cause of the dessicating grapevines in California 
(Pierce, 1892), the bacterium was named Xylella fastidiosa (Wells et al., 1987). Xylella refers to the specific niche of 
the bacterium in the plant. The species name fastidiosa refers to the difficult cultivation of the bacterium which 
has particular nutritional requirements. It lies in the nature of the bacterium to apparently coexist peacefully with 
the plant. This “entente” between bacterium and host fades as soon as the balance in the xylem tubes is disturbed. 
Xylella fastidiosa, however, also notoriously affects new plant species when it is accidentally introduced into a new 
area. If anything can be predicted about Xylella it is that the bacterium is unpredictable. 
 

Figure 5C. 

Colonies of Xylella fastidiosa subsp.  

fastidiosa on BCYA after 14 days at 28°C

Figure 5B. 

rimM TaqMan PCR with duplicate 

determination of + controls
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Ion mobility spectrometry (IMS): a support 
for pesticide analyses by screening 
Laure Joly1, Séverine Goscinny1, Vincent Hanot1, Philippe Szternfeld1, Edwin De Pauw2 and Gauthier Eppe2

1ISP, Rue Juliette Wytsman 14, 1050 Brussels
2CART University of Liège, Allée de la Chimie 3, B-6c Sart-Tilman, B-4000 Liège, Belgium

Introduction

For many years, only the laboratories for physics and chemistry that built their own instruments owned an ap-
pliance linking ion mobility spectrometry to mass spectrometry (IMS-MS). Only since about ten years ago, IMS-MS 
appliances appeared on the market, which allowed a greater number of laboratories to purchase this appliance.

Separation of 2 isomers by IMS

An ion mobility chamber is a cell containing a neutral gas under a controlled pressure (~3 mbar) which is subjec-
ted to an electric field. Ion mobility is the gas-phase equivalent to electrophoresis: the ions are at the same time 
accelerated in the electric field and contained by the numerous collisions with the buffer gas. 

In an ion mobility cell, an ion with a compact conformation will reach the detector more quickly than an ion with 
a more extented conformation.

Figure 1 : In an ion mobility cell, 2 forces oppose each other -  the electric field accelerates the ions and the buffer gas 

decelerates them by the friction force. Since the Z-mevinphos is more compact than the E-mevinphos, it will cross the ion 

mobility cell faster and it will reach the detector first.
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Different parameters will influence the molecule separation: the type of buffer gas (carbon dioxide, nitrogen, 
helium), the pressure in the mobility cell, the type of electric field (linear or undulating) and the strength of the 
electric field. An appropriate adjustment of these parameters will allow to optimise the separation of different 
three-dimensional conformations, even of molecules of the same mass (isomers). 

Figure 1 shows that the Z- and E-isomers of mevinphos are separated by means of ion mobility. The isomer Z-me-
vinphos is more compact, its mobility time is shorter than that of the isomer E-mevinphos, which has a spatially 
more extended conformation. 

Clean-up of the “full scan” mass spectra by means of IMS

In most of the routine screening procedures, several hundreds of pesticides are analysed simultaneously. In paral-
lel, the purification steps are reduced to the minimum to prevent the loss of components. The resulting full scan 
spectra are complex. The presence of numerous matrix peaks can prevent the identification of analysed compo-
nents with a low sensitivity or a low concentration. For example, the peak of indoxacarb with a mass of 528.08 is 
almost invisible in the MS-spectrum (figure 2a).

The IMS-MS spectrum in figure 2b shows how the ion mobility decongests the mass spectra and facilitates the 
interpretations. The almost non-existent peak of indoxacarb with a mass of 528,08 of the MS-spectrum (figure 2a) 
becomes the most intense peak of the IMS-MS-spectrum (figure 2b). The IMS-MS increases the level of confidence 
in the given results.

Figure 2 : Example of the clean-up effect of the ion mobility for indoxacarb in pears: mass spectra of full scan type 

obtained by filtering the data on the retention time of indoxacarb (a) and by filtering the data on the retention AND 

mobility time of indoxacarb (b) 
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Ion mobility as an additional identification point

The conventional screening methods identify the pesticides by means of 2 identification points: their retention 
time and their mass. The separation by ion mobility provides an additional separation dimension to the mass and 
to the retention time. The mobility time can be considered as an additional identification point. This allows to 
reduce the false positive and/or the false negative cases. 

The reliability of this new parameter has been established, the mobility times show a good reproducibility, and 
they are independent of the concentrations and the analysed matrix. The ion mobility time is an additional physi-
cal parameter to assist in the identification and to increase the confidence in the given results. 

Conclusion

This article is an overview of the use that may be made of the mobility for pesticide screening analysis. In the 
future this high performance technology can be applied to multi-residue screening analyses of pesticides in 
foodstuffs.

Further reading:

 - V. Gabelica, Intérêt de la spectrométrie de mobilité ionique pour l’étude de la conformation et des assemblages non-

covalents de biomolécules, Spectra Analyse n°251, September-October 2006

 - S. Goscinny, L. Joly, E. De Pauw, V. Hanot, G. Eppe, Travelling-wave ion mobility time-of-flight mass spectrometry as 

an alternative strategy for screening of multi-class pesticides in fruits and vegetables, Journal of Chromatography A, 

1405 (2015) 85-93

laure.joly@wiv-isp.be
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Organisation and results of Proficiency 
Tests on multi-mycotoxin analytical 
methods
Philippe Debongnie, Emmanuel K. Tangni, Bart Huybrechts and Alfons Callebaut

The Veterinary and Agrochemical Research Centre (CODA-CERVA)
Operational Direction Chemical Safety of the Food Chain,
Operational Unit Toxins and Natural Components
National Reference Laboratory for Mycotoxins
Leuvensesteenweg 17, 3080 Tervuren, Belgium

Introduction

In the fields of health and food safety, reliable analytical results are essential not only for research, but also for im-
plementing legislation, for securing the quality and safety of food and feed, for obtaining reliable monitoring data 
bases (e.g. for risk assessment), and for making world-wide trade transactions possible.

Each analytical laboratory must therefore validate its analytical methods and demonstrate the reliability of the 
analytical results it provides. The best demonstration, moreover required for accreditation, is successful participa-
tion in “proficiency tests” (PT). A PT is an exercise in which a certain number of laboratories receive sample(s) of 
unknown analyte(s) concentration(s), which they measure and report. The PT provider then compiles the results 
and calculates for each result a “z-score”, which is a measure for the difference between the obtained result and 
the “true” concentration.

The laboratory must also be able to provide and demonstrate a realistic estimate of the uncertainty of these 
results. Therefore, some PT providers, notably the European Reference Laboratories (EU-RLs), also calculate the 
“ζ-score”, which is measure of the reliability of the complete statement from the laboratory, including the esti-
mate of the “Extended Measurement Uncertainty” (MU

(k=2)
), i.e. the 95% confidence interval around the result. For 

example, if the true concentration is 99 µg/kg, then “120 ± 24 µg/kg” is correct and obtains a satisfactory ζ-score, 
whereas “115 ± 5 µg/kg” is misleading and obtains an unsatisfactory ζ-score, even though the result itself is closer 
to the true concentration.

In the European Union, for each field of food safety control, e.g. mycotoxins or trace elements, it is part of the task 
of the National Reference Laboratories (NRLs) to provide PTs in which the Official Control Laboratories (OCLs) must 
participate, and part of the task of the corresponding EU-RL to provide PTs in which the NRLs must participate.

The Toxins and Natural Compounds Unit of CODA-CERVA is the Belgian NRL for mycotoxins, and therefore provi-
des PTs for the OCLs. A fruitful synergy has been developed between this and two other specialized activities of 
the Unit, i.e. the development of multi-mycotoxin LC-MS/MS analytical methods and the production, in collabo-
ration with the Mycotheque of the Université catholique de Louvain (UcL), of “naturally” contaminated materials 
to be used as reference materials or for animal experiments. This combined expertise has enabled CODA-CERVA 
to provide PTs, which are very useful for the steadily increasing number of research or food control laboratories 
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adopting LC-MS/MS multi-mycotoxin methods. Each year since 2012, besides the ca. 10 laboratories approved as 
OCLs by FAVV-AFSCA, 20 to 40 other laboratories from 5 continents participate in these PTs.

The various calculations and criteria applied to the results of the PTs are based on IUPAC’s “International harmoni-
zed protocol for the proficiency testing of analytical chemistry laboratories” (Pure Appl. Chem., Vol. 78, No. 1, pp. 
145–196, 2006).

The present article describes in more detail how the PTs are organized and their results reported, and the type of 
information they provide, for the individual participant as well as for the observation of general trends in analytical 
performances.

PT material

Grain samples are first incubated with specially selected strains of fungi at the UcL Mycotheque, and afterwards 
sterilized, ground and homogenized. Several different such materials, each rich in a different group of toxins 
produced by a different fungus, are blended together with a blank cereal flour. The final material, packaged as 55 
grams samples, contains the 11 mycotoxins for which the EU has set Maximum Allowed Values (MALs) or Guidan-
ce Values for cereals, plus a number of mycotoxins for which no EU regulations exist (e.g. acetyl-DON, nivalenol, 
enniatins …).

Besides cereals, reference materials are also prepared for other types of matrices, such as food supplements, cacao, 
etc.

Assigned values

The “conventionally true concentration” or “assigned value” (V
ass

) is the robust mean of the “reference set” of the re-
sults reported by the participants, i.e. the set remaining after exclusion of the “outliers”. The “standard uncertainty” 
around this value (u

Vass
) is the robust standard deviation of this reference set of results, divided by the square root 

of their number. The 95% confidence interval or “extended uncertainty” is equal to the standard uncertainty u
Vass

 
multiplied by the “coverage factor” k = 2.

z-scores

The z-score is calculated for each result (X
lab

) by comparing its deviation from V
ass

 with the “target standard devia-
tion for the proficiency test” (σ

p
):

Z = (X
lab

 – V
ass

) / σ
p

These z-scores are considered as:
 “Satisfactory” if between -2 and +2
 “Questionable” if between -3 and -2 or between +2 and +3
 “Unsatisfactory” if lower than -3 or higher than +3
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Under the “normal” or “Gaussian” distribution hypothesis, the percentages of questionable or unsatisfactory results 
should be ca. 5% and 0.25%, respectively. In other words, the average-performing laboratory may expect to 
obtain ca. 5% “questionable” z-scores, but only 0.25% “unsatisfactory” z-scores. An unsatisfactory z-score should be 
followed by a search for its causes and by corrective actions.

Target standard deviations (σp)

The values of the z-scores are critically dependent on the target standard deviation, σ
p
. This σ

p
  is often calculated 

from V
ass

, using the empirical Horwitz-Thompson equation (fig. 1). Horwitz, after compiling the results of a very 
large number of PTs, found that the main factor influencing the between-laboratories standard deviations was 
analyte concentration, and proposed an empirical function to fit the observed data:

 

RSD
(%)

 = 2(1-0.5logc
(g/g)

)

Thompson later modified the equation by setting a maximum RSD of 22% for low concentrations (≤ 120 µg/kg). 
The reason for this is that, if the RSD was much larger than 22%, the 95% confidence interval around the results 
(± MU = ± 2 RSD) would be so large that these result would have little use, and therefore in practice additional 
efforts, investments and costs are usually accepted in order to keep this confidence interval within useful limits. 

Figure 1: The Horwitz-Thompson function
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Zeta-scores (ζ)

Many among the general public, the customers and even the analytical chemists themselves, find it hard to 
accept that ±44% confidence intervals are normal at low analyte concentrations. The consequence is a strong ten-
dency of the laboratories to underestimate their measurement uncertainties, especially when they are competing 
with others for market shares or for reputation. 

This is one of the reasons for calculating the “ζ-score”, in which the deviation from the assigned value, instead of 
being compared to σ

p
, is compared to the standard uncertainty (u

lab
 = MU

lab
 / 2) claimed by the laboratory (com-

bined with the standard uncertainty on the assigned value itself ) :

ζ = (X
lab

- V
ass

 )⁄√(u
lab

2+ u
Vass

2  

The ζ-scores are considered “satisfactory”, “questionable” or “unsatisfactory” using the same criteria as for z-scores.

Detailed example : aflatoxin B1 in the 2014 PT

The participants were asked to perform the analyses of 2 subsamples. In total, 47 sets of results were received, out 
of which 46 were indeed in duplicate. Two of the sets were “right-censored”, i.e. above these participant’s normal 
reporting limits.

The median of all results, MED
tot

, was 22.32 µg/kg, slightly above the maximum content for feed materials (20 µg/
kg, Dir. 2003/100/EC). The five results outside the ±50% range around MED

tot
 were removed as outliers. 

The median of the remaining 40 “reference” sets was 22.34 µg/kg.

“Kernel density plots” (fig. 2) were used to check visually the distribution of the non-censored results, before and 
after removal of the outliers (red and blue lines respectively).
 

Figure 2: Kernel density plots before and after removal of the outliers (red and blue lines respectively)
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The robust standard deviation σ
rob

 (median of the absolute values of the deviations of the reference set) was 5.77 
µg/kg (25.8%). The ratio of this standard deviation to the one expected from the Horwitz-Thompson equation 
(“HorRat” = σ

rob
 / σ

p
) was 1.17, below the maximum (1.2) recommended by IUPAC.

All criteria were therefore met to give MED
ref

 the status of assigned value, and to assign z- and ζ-scores to the 
participants’ results.

Figure 3 gives the results in µg/kg, sorted from lowest to highest. The sigmoid shape is typical. The horizontal lines 
indicate V

ass
 and the following intervals around it: ± u

Vass
, ± 2 σ

p
 and ± 3 σ

p
. The 39 results between the two green 

lines are satisfactory, the 3 results between green and red lines are questionable and the 3 results outside the red 
lines are unsatisfactory. The 2 right-censored results are also included in this plot: the participants had been asked, 
in case their results were outside of their usual reporting range, to specify their reporting limit (red cross) but to 
report also their actual measurement results (short red line). In the present case these actual measurement results 
would have obtained satisfactory z-scores (-1.8 and 0.2).

 

Figure 3: The lab results for aflatoxin B1, sorted from lowest to highest

Figure 4 shows the corresponding z-scores and ζ-scores. For the z-scores, the change from figure 4 to figure 3 is 
equivalent to a simple change in y-axis. But the ζ-scores give a different image: most are higher (in absolute value) 
than the corresponding z-scores, and 7 are unsatisfactory. This is a common observation in PTs, and shows the 
widespread tendency of the laboratories to underestimate their measurement uncertainty.
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Figure 4: The z-scores and ζ-scores of the labs

Method- or instrument-related trends

The participants are also asked to provide some details about the analytical methods and instruments they used. 
The objective is to look for possible method- or instrument-related trends in the distribution of results. 

For example, in the 2014 PT, a difference was observed for aflatoxin G2. The AfG2 concentration was very low (< 2 
µg/kg) and below the reporting limits of many participants. In fig. 5, the “box-and-whiskers” symbols represent the 
percentiles 0-25-50-75-100 of the distribution of the non-censored results, for 4 groups of analytical methods. The 
5 results obtained after immuno-affinity clean-up (IAC) step of the extract were lower than the 14 results obtained 
with another type of clean-up or without any clean-up. 
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Figure 5: Graphical representation in “box-and-whiskers” of the results obtained for 4 groups of analytical methods

General trends

The overall percentages of satisfactory z-scores and ζ-scores do not reach the 95% expected for a Gaussian distribu-
tion (fig. 6 and 7). For the z-scores, this is mainly due to the presence of outlier results (only the reference data sets 
have approximately Gaussian distributions). For the ζ-scores, an additional cause is the number of participants who 
underestimate their measurement uncertainty. 

Nevertheless, the situation is improving over the years: the percentages of satisfactory z- and ζ-scores tend to incre-
ase, thanks to a decrease in the numbers of outlier results and to progressively more realistic estimates of the measu-
rement uncertainties.

Figures 6 and 7: The percentages of satisfactory z-scores and ζ-scores over the years

Bart.Huybrechts@coda-cerva.be
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Simultaneous detection of 10 families of 
antibiotics in meat by means of flow  
cytometry 

Anne-Catherine HUET
CER Group– Health Department, Rue du Point du Jour 8, 6900 Marloie, Belgique

Introduction 

The excessive veterinary use of antibiotics may lead to the presence of residues of antibiotics in foodstuffs, which 
constitutes a risk to the consumers. Certain antibiotics may provoke allergic or toxic reactions. Moreover, this 
excessive use of antibiotics has led to an increase of antibiotics resistance in bacteria as well as the emergence of 
new strains of bacteria. The European Union has established maximum residue levels (MRL) for several antibiotics 
in order to regulate their use (Commission Regulation EN No 37/2010). We also encourage a sensible use of antibi-
otics in animal production. 
Regulation EN No 37/2010). We also encourage a sensible use of antibiotics in animal production. 
Different screening methods have been developed in order to detect the possible presence of residues of 
antibiotics in foodstuffs. The best known methods are: microbiological inhibition tests, ELISA tests and immuno-
chromatographic tests. The majority of these rapid tests either only detect substances belonging to a single family 
of antibiotics or a limited number of substances belonging to multiple families. To identify the family (or families) 
present in the matrix, it is usually necessary to simultaneously conduct multiple tests on each sample.  
In the framework of a partner project with Unisensor SA, we have developed a screening method that is able to 
simultaneously detect a large number of antibiotics in meat and at the same time identify the different families 
that are present. We have chosen to use flow cytometry based on an immunological assay.   

Detection method and its performance 

Three elements are essential for the developed method: 
i) fluorescent microparticles which are individually coded based on their specific combination of size and 

their fluorescence intensity. These microspheres provide the solid support needed to conduct competitive 
assays, with an antibiotic or a different substance derived thereof attached to their surface. This allows for 
the identification of the entire family. 

ii) specific or generic biomolecules such as antibodies, receptors,... directed against the antibiotics and the 
fluorescent microspheres. If antibiotics are present in the sample, the ligands will compete for the residues 
in suspension and the antibiotics (or substances derived thereof ) that are immobilized on the microspheres.

iii) fluorescent indicators which reveal the dosage. 
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Figure 1: the principle of flow cytometry, which consists of a laser that activates the fluorescent indicators that are at-

tached to the surface of the microspheres and the detectors that capture the emitted fluorescence.

Since a competitive type of assay is concerned, the presence of the target residue(s) is indicated by a decreased 
signal for the corresponding microspheres in proportion to the fluorescence intensity of a blank sample. 

A) Absence of antibiotics in the sample

B) Presence of antibiotics in the sample

 

 

Figure 2: the principle of the immunological assay used in this method 

Being aware of the fact that the physico-chemical properties of antibiotics can be very different, we have also ta-
ken on the challenge of developing a simple extraction method which can be used for  10 families of antibiotics, 
whilst respecting the established MRLs. 

Maximum assay signal

Decreased assay signal
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Conclusion 

The CER Group and Unisensor SA have developed a rapid method that is able to simultaneously detect 10 families 
of antibiotics by means of flow cytometry. This way, the method covers more than 80 individual substances be-
longing to these different families: tetracyclines, β-lactames, sulfonamides, phenicols, (fluoro)quinolones, macro-
lides, aminoglycosides, polymyxins, pleuromutilins and lincosamides. A BEADYPLEX kitTM is being commercially 
developed by Unisensor SA. This kit was developed at the request of the agri-food industry which is in search of 
increasingly demanding methods in terms of analysis speed, costs, measurement precision, selectivity of the ana-
lysed molecules, automation for a large series of samples and especially in terms of the diversity of contaminants 
that can be detected simultaneously in a single sample.

Table 1: summary of information on BEADYPLEX TM used in pork

For more information : 
infolnr@cergroupe.be - celia.suarez@unisensor.be
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“Whole genome sequencing” to help 
enforcement laboratories for the 
development of detection method for an 
EU-unauthorized genetically modified 
Bacillus subtilis overproducing riboflavin

Sigrid De Keersmaecker, Nina Papazova and Nancy Roosens
Scientific Institute of Public Health (WIV-ISP), Platform Biotechnology and molecular Biology (PBB), 
rue J. Wytsmanstraat14, 1050 Brussels, Belgium

In September 2014, the presence of an unauthorized living genetically modified (GM) Bacillus subtilis bacterium 
overproducing vitamin B2 (riboflavin) in a feed additive imported from China into the EU market was notified 
through the Rapid Alert System for Food and Feed (RASFF 2014–1249). This RASFF notification gave evidence that 
contamination by a genetically modified-microorganism (GMM) may occur in the EU food chain. Moreover, no 
detection method for this GMM was available and even no strategy was developed to detect this kind of contami-
nation by enforcement laboratories. 

Therefore, the Scientific Institute of Public Health has used whole genome sequencing (Illumina HiSeq2500 
platform with 350-fold coverage) on the isolated GMM (figure 1) to generate sequence information necessary to 
develop a specific detection method 
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Figure 1 : Isolated GM Bacillus subtilis bacterium overproducing vitamin B2 used for whole genome sequencing (RASFF 

2014–1249)

In short, sequencing reads were assembled de novo using the “De novo assembly” option of the CLC Genomics 
Workbench version 7.5.1. (CLC Bio) in bigger fragments named scaffolds. The generated data were analyzed using 
a simple BLAST approach in order to retrieve the sequence fragments containing the riboflavin biosynthesis 
operon. 

The retrieved fragments were used to design a new TaqMan® qPCR method (called “VitB2-UGM”), targeting the 
junction between the B. subtilis riboflavin operon and the vector used to construct this GM vitamin B2 overpro-
ducing bacterium. The method was developed according to EU  requirements  for the performance of qPCR for 
specificity, sensitivity, PCR efficiency and repeatability . The VitB2-UGM qPCR method is able to detect the B. subtilis 
bacterium in genomic DNA extracted from the feed additive, without prior culturing step.

The developed qPCR method has provided to the enforcement laboratories a crucial tool to specifically and 
rapidly identify this unauthorized GM bacterium in food and feed additives. The method is currently used by the 
WIV-ISP (GMOLAB, PBB) on routine samples in order to control feed additives for FASFC.
This study demonstrates that whole genome sequencing data can offer access to crucial sequence information 
needed to develop specific qPCR methods to detect unknown and unauthorized GMO in food and feed 
additives.
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GMM are known to be massively used to produce food and feed additives and according EU legislation (EC No 
1333/2008, 1331/2008), food and feed additives intended for human and animal consumption and produced by 
GMM should be free of both GMM (living or dead) and newly introduced genes. At the present time, no syste-
matic control is done on the EU market and the question is raised whether it is not necessary to set up a more 
systematic survey of the EU market for GMM in food and feed additives, as well as to develop the appropriate 
detection strategy.

This text is based on two scientific papers published by WIV-ISP:

 - Barbau-Piednoir E, De Keersmaecker SCJ, Wuyts V, Gau C, Pirovano W, Costessi A, Philipp P, Roosens NH. Genome 

sequence of EU-unauthorized genetically modified Bacillus subtilis strain 2014-3557 overproducing riboflavin, 

isolated from a vitamin B2 80% feed additive- 531. Genome Announcements (2015); 3(2): e00214-15 DOI: 10.1128/

genomeA.00214-15

 - Barbau-Piednoir E, De Keersmaecker SCJ, Delvoye M, Gau C, Philipp P, Roosens NH. Use of Next Generation Sequen-

cing data to develop a qPCR method for specific detection of EU-unauthorized genetically modified Bacillus subtilis 

overproducing riboflavin. BCM biotechnol (2015); / DOI: DOI: 10.1186/s12896-015-0216-y

Nancy.Roosens@wiv-isp.be
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The trainings for the approved laboratories organized by the FASFC in co-operation
with the National Reference Laboratories are available on the website of the FASFC
(www.favv.be > Home > Business Sectors > Laboratories > Seminars & workshops).

The schedule is updated regularly, it is therefore recommended to check the website
from time to time.

Other interesting workshops and symposia are mentioned below.

Workshops & Symposia

Date Subject Place More information (website)

28.08-01.09.2016 The 32nd Symposium of the Euro-
pean Society of Nematologists

Braga, Portugal http://esn2016braga.om

28.08-02.09.2016 The 36th International Symposium 
on Halogenated Persistent Organic 
Pollutants – Dioxin 2016

Firenze, Italy http://www.dioxin2016firenze.org/

7-9.09.2016 IDF Mastitis Conference 2016 Cité des Congrès, 
Nantes, France

http://www.idfmastitis2016.com/en/

9.09.2016 kant-en-klaargerechten: lekker en 
gezond?

Leuven, Brussels Organised by the Flemish Chemical 
Socciety – Food section
http://www.kvcv.be/index.php/nl/
secties/sectie-voeding

12.09.2016 INSECTA® 2016 
International Symposium on Insects 
as Feed, Food and Non-Food

Magdeburg, Ger-
many

www.insecta-conference.com

15-16.09.2016 21st Conference on Food Microbi-
ology

Brussels, Belgium Organized by the Belgian Society for 
Food Microbiology vzw/aslb (BSFM)
www.bsfm.be

18-21.09.2016 130th AOAC Annual Meeting & 
Exposition

Dallas, Texas, USA http://www.aoac.org/iMIS15_Prod/
AOAC/Mtgs/16AM/AOAC_Mem-
ber/MtgsCF/16AMCF/16AM_M.
aspx?hkey=93d482bb-598c-4b59-
84f0-a01e96f7f07d

22.09.2016 Food Safety Analysis Seminar Brussels, Belgium Analyze.nl@thermofisher.com

26-28.09.2016 4th International Conference on 
Responsible Use of Antibiotics in 
Animals

The Hague,
The Netherlands

http://www.bastiaanse-communicati-
on.com/RUA16/#xl_xr_page_index

5-7.10.2016 dPCR EXPERIENCE WORKSHOP
Practical workshop on different 
dPCR platforms

Ljubljana, Slovenia http://biosistemika.com/products/
nib-workshop/

06-07.10.2016 European One Health Eco Health 
Workshop

Brussels, BELSPO,  
Belgium

http://www.biodiversity.be/health/58
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07.10.2016 Joint Meeting BWDS & DSWH : “ 
Wildlife Crossing Borders”

Antwerpen, ITG, 
Belgium

http://bwds.be/symposium/index.
html

10-12.10.2016 5th Beneficial Microbes Conference
Beneficial impact of pre- and probi-
otics on human and animal health

Amsterdam,
The Netherlands

http://www.bastiaanse-
communication.com/BMC2016/
http://beneficialmicrobes2016.org/
index.php

13.10.2016 Vitaminen in voeding, diervoeding 
en supplementen

Breda, 
The Netherlands

http://www.aoaclowlands.nl/
inschrijvingen.html

16-21.10.2016 IDF World Dairy Summit Rotterdam, 
The Netherlands

http://www.idfwds2016.com/

18-19.10.2016 International Symposium 
LABS in a CRYSTAL BALL 
NEW TRENDS FOR MULTI-
COMPONENTS ANALYSIS 
AOAC Europe Section, 
ACE Analytical Community Europe

Barcelona, Spain http://www.aoaceurope.com/2016/
Barcelona2016v3.pdf

19-20.10.2016 Feed2016: 5th International Feed 
Conference: Present and future 
challenges

Geel, Belgium http://www.feed2016.eu/

27-28.10.2016 5th International “Fresenius Feed 
Conference” Feed Additives – Ani-
mal Nutrition – Medicated Feed

Maritim 
Konferenzhotel 
Darmstadt/
Germany

https://www.akademie-fresenius.com/
events/detail/produkt/5th-
international-fresenius-feed-
conference-feed-additives-
animal-nutrition-medicated-feed/

7-9.11.2016 The RME Conference Series – 11th 
conference
Food Feed Water Analysis: Human 
Animal Diagnostics

Amsterdam,
The Netherlands

http://www.rapidmethods.eu/

16-18.11.2016 “6th International Symposium on 
Food Packaging: Scientific Deve-
lopments supporting Safety and 
Innovation (ILSI)

Barcelona, Spain http://www.ilsi.org/Europe/Pages/
Packaging-Materials-Symposium-
2016-General-Information.aspx

28-29.11.2016   World Congress on Microbiology 
2016

Valencia, Spain http://microbiology.omicsgroup.com/
europe/

1-2.12.2016 One Health Symposium
Focus on Genomics of Pathogenic 
Escherichia coli

Utrecht,
The Netherlands

http://www.iss.it/
vtec/?lang=2&id=242&tipo=20

25-26.01.2017 SEAFOOD SAFETY
NEW FINDINGS & INNOVATION 
CHALLENGES

Brussels, Belgium www.ecsafeseafoodconference.com

09-13.07.2017   FEMS 7th Congress of European 
Microbiologists

Valencia, Spain  http://www.fems-microbiology2017.
kenes.com/landing/Pages/default.
aspx
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