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Dear reader,

It has been more than twelve months since the last issue of Labinfo. As you have 
noticed, in the press, this has been an eventful period for the Agency. Last year in 
summer, we experienced the fipronil crisis, this beginning of the year the Veviba case... 
These two incidents have somewhat disrupted our day-to-day activities. During this 
rather critical period for the Agency, we could rely on support and collaboration of the 
different NRL and private labs. I want to thank all the people concerned.

Meanwhile, our editor-in-chief Dirk Courtheyn has been enjoying a well-deserved 
retirement since the end of 2017. Dirk started his FASFC career at the laboratory of 
Gentbrugge, where he was director. Later, he joined the Central administration of the 
DG Laboratories. Among his numerous tasks, Dirk was the editor-in-chief of Labinfo, 
from the first issue in October 2008 to the sixteenth issue published in April 2017. I 
would like to thank him for this invaluable contribution and wish him all the best in 
this new stage of his life.

You also know that our Government has taken measures to reduce the public debt 
and, in this respect, requires the Federal administration to make efforts to reduce its 
operating budget and its number of staff. In this context, we have had to take the 
decision to publish Labinfo only once a year and only in English. This issue will thus be 
the last one to be published in three languages.

This issue focuses on topics as diverse as Trichinella tests in the certified laboratories, 
the viability of cyst nematodes in potatoes, the risk represented by citrine, a toxin 
potentially present in the red yeast rice, the detection of non-authorized GMOs based 
on the Next-Generation-Sequencing, and the situation of food-borne illnesses due to 
Staphylococcus aureus enterotoxins.

I hope you will enjoy reading this seventeenth issue of Labinfo.

Bert Matthijs
Director-general of DG Laboratories

Editorial
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Test Trichinella and control  
of the quality in Belgium

Marleen Claes

National Reference Laboratory for the analysis of Trichinella (LNRT), 
Institute of Tropical Medicine, Nationalestraat 155, 2000 Antwerpen

Introduction

Trichinella spp.is a parasite present on the entire globe and likely to provoke an infection in the case of the 
consumption of contaminated meat that is not sufficiently cooked.  An infection via Trichinella larvae can 
lead to serious health problems for humans. 

That is the reason why pork, horse and wild boar meat intended for human consumption must undergo an 
analysis before marketing.  

A reference laboratory has been established on the level of the European Union (EURL) and each member 
state is obliged to provide a national reference laboratory (NRL). 

Through the organization of yearly workshops, the EURL has created a real network of European NRL.  These 
workshops are an opportunity to work together to organize trainings as well as inter-laboratory tests and to 
discuss what approach to lead for certain subjects such as minimal requirements for sampling, controls of 
laboratories, regulations applicable to inter-laboratory tests, the minimal requirements necessary for a quality 
lab. 

Evolution in Belgium

Training: 

In 1999, four optional study days have been organized for the first time, followed in 2000 by 31 laboratories 
participating in a study afternoon.  A new study afternoon has been reorganized in 2006 which included 12 
laboratories.  

Since 2007, a ‘’communication group’’ is organized on an annual basis, dealing with a meeting organized by 
the NRL in collaboration with the FASFC and for which each approved laboratory has the obligation to partici-
pate.  The communication is stimulated in both directions.   This is the ideal time to ask questions, to provide 
additional explanations and to present the novelties. 
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Inter-laboratory tests

Inter-laboratory tests are organized since 2007 and general participation is obligatory.  In the beginning, 
frozen samples have been used to deactivate parasites and to exclude any risk of infection and any poten-
tial introduction of parasites in the environment.  Since 2011, frozen samples are used to which a number 
of predefined living larvae have been added.  Moreover, criteria have gradually become more strict and the 
number of added larvae has been reduced.  

The non-accredited laboratories participate two times per year to ring tests and accredited labs once per 
year.  The poor results are part of the FASFC follow-up. 

At present, each laboratory takes part in these tests once per year, but accredited laboratories receive one 
single package of samples whereas the non accredited laboratories receive a package of samples for each lab 
technician responsible for carrying out the test.  

Practical training: 

In 2008, each lab technician that had not obtained good results for an inter laboratory test in 2007 (the first 
main ring test) received an additional intensive training, followed by two additional sendings of sampling 
material.  Since 2008, a practical training has been organized by the NRL at the request of the labs.  These 
practical trainings are since 2014 divided up into four trainings per year.  Each new staff member must have 
followed this training before being able to work autonomously.  The training deals with the requirements 
concerning the material and reactants and the critical control points (CCP) and is composed of a demonstra-
tion and practical exercises carried out on contaminated meat.  Moreover, a CD-rom issued by the NRL with a 
description of different steps of the test as well as fixed reference larvae is provided by each laboratory.   

The consultative visits by labs have been replaced by compulsory visits based on a checklist or by visits con-
ducted in the framework of Belac audits regarding the norm ISO17025. 

Conclusion

The number of Belgian laboratories was reduced, but the quality of the remaining labs has increased.  They 
work with a quality equipment, appropriate reactants and well trained staff members. 

 
nrlt@itg.be
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Determining the viability of potato cyst 
nematodes (Globodera rostochiensis 
en G. pallida) using trehalose
Nicole Damme and Nicole Viaene  

Institute for Agricultural and Fisheries Research 
Diagnostic Centre for Plants

Introduction

Potato cyst nematodes, Globodera rostochiensis and G. pallida pose a serious threat to potato crops and 
are considered quarantine organisms in many countries, including Belgium.  Encapsulated in a cyst, which 
is actually the encysted body of the female nematode, the nematode is able to survive in the soil for many 
years.  New cysts contain on average about 250 eggs from which juvenile nematodes can hatch.  These cysts 
can remain viable for many years, even in the absence of an appropriate host plant, i.e. the potato plant in 
Belgium.  It is important to determine the viability of the potato cyst nematodes, since cysts that are empty 
or contain dead eggs can still be found in the soil for many years. This can be explained by the fact that the 
actual cyst (the membrane) degrades very slowly.  However, these non-viable cysts do not pose a threat to 
the potato plant. 
 

Figure 1:  Cysts and comparable inert material after extraction from the soil. 
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The viability of the cysts is mainly of importance to farmers of seed potatoes, since seed potato fields, by law, 
have to be free from viable potato cysts.  All parcels intended for seed potatoes are screened by the FASFC 
for the presence of potato cysts prior to being planted with seed potatoes. This screening is carried out by 
means of a soil sample.  In case potato cysts are found in the sample, the Institute for Agricultural and Fisher-
ies Research determines whether these cysts are still viable.  

The Diagnostic Centre for Plants (ILVO) currently still determines the viability of the potato cysts by means of 
a hatching test which verifies whether the juveniles hatch from the eggs and are thus viable.  This is done by 
immersing the cysts in potato root diffusate (PRD), which is a natural hatching stimulus for the nematodes.  
This potato root diffusate, so to speak, “lures” the juveniles out of their eggs; Hence, this hatching test is also 
referred to as the “luring test”. This technique is very reliable for cysts which have already been through a 
cold period (winter), but the drawback is that the hatching does not take place immediately and can take up 
to several weeks.  To shorten the lead time of the tests, the cysts are currently only monitored for 3 weeks to 
verify whether the juveniles emerge from the cysts. If this is not the case, the cysts are crushed to release the 
eggs and visually assess their viability. However, this visual assessment can be rather subjective, especially 
when there is no clear-cut distinction between dead eggs and live eggs.  It is possible that the viable juve-
niles do not hatch, because they have not been through a cold period yet (in the case of newly formed cysts 
which were sampled immediately after the potato harvest) or simply because they are slow and need more 
than 3 weeks to hatch.  In these cases, the visual  assessment is the only available option to determine the 
viability of the eggs.   

Figure 2:  Open potato cyst containing eggs and a few juveniles
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Viability based on trehalose

Principle 

Inside the egg, the juvenile form of the nematode can survive in partially dehydrated conditions for many 
years, since it is immersed in the perivitelline fluid which contains trehalose.  Trehalose (α-D-glucopyrano-
syl-α-D-glucopyranoside) is a very stable disaccharide which preserves the membrane integrity in case of 
dehydration.  When the juvenile dies inside the egg, the selective permeability of the cell membrane goes 
lost, which results in the release of trehalose from the egg and thus the loss of this disaccharide.  Conse-
quently, the presence of trehalose in the eggs is an indication of their viability.  By determining the presence 
of trehalose in the cysts’ eggs, it can be verified whether the cysts are still alive. 

Method

To verify if one or multiple cysts still contain viable eggs, they are crushed carefully in an Eppendorf test tube 
to release the eggs.  The concentration of trehalose is determined indirectly.  First, the enzyme trehalase is 
added, so that the hydrolysis of trehalose yields 2 units of D-glucose. Subsequently, D-glucose is phospho-
rylated into glucose 6-phosphate by hexokinase and ATP. Glucose 6-phosphate is oxidized into gluconate 
6-phosphate and NADHP by glucose 6-phosphate dehydrogenase.  The concentration of this NADPH is then 
measured spectrophotometrically (Nanodrop) at a frequency of 340nm.  If this quantity exceeds a certain 
threshold value, this indicates the presence of trehalose and thus confirms the viability of the cysts.  The 
threshold value corresponds with 20 eggs, which means that a lower number of eggs cannot always be 
detected.  The test was originally developed in the Netherlands (van den Elsen et al., 2012) and was fine-
tuned in an ILVO PhD research project on the survival of potato cysts (Ebrahimi et al., 2015). This test was also 
included in the EPPO Diagnostic Protocol for Globodera (OEPP, EPPO 2015).  

Figure 3: Schematic representation of the enzymatic reactions to determine the presence of trehalose,  
which indicates live eggs.  

   
   (trehalase)
 (1)  Trehalose + H2O > 2 D-glucose
             (hexokinase)  

 (2)  D-Glucose + ATP > G-6-P + ADP
        (glucose-6-phosphate dehydrogénase)

 (3)  G-6-P + NADP+ > gluconate-6-phosphate + NADPH + H+
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It has to be made sure that the sample does not contain recently disinfected soil, since the trehalose present 
in the dead eggs has not completely degraded yet (dead eggs are thus mistakenly identifi ed as live eggs) 

Figure 4 : Cysts in an Eppendorf test tube (side-view and top view), crushing of the cysts, substances to be added 
(on ice), reading the results on the spectrophotometer.  
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Trehalose test versus hatching test

The trehalose test quickly answers the question whether the potato cysts are still viable; this analysis can be 
completed in one day.  The hatching test can take up to 3 weeks and the visual assessment can be subjective 
in some cases, certainly in case the eggs were identified as dead. Notwithstanding, the trehalose test is less 
sensitive than the hatching test: the trehalose test does not always allow for the detection of viable eggs if 
their number is lower than 20. The hatching test, however, allows for the detection of live juveniles and can 
be used to detect even a single live nematode.    A detection limit of only 20 live eggs per soil sample, which 
in most cases is representative of 1 hectare (ha), is acceptable, provided that the results of the tests are availa-
ble quickly.   
A disadvantage of the trehalose test is that it is less reliable for cysts that were found in recently disinfected 
soil (possibly false positive results).  The trehalose test is also more expensive (90 euro) while the hatching 
test costs 70 euro.    

References

• Beniers, J.E.  et al.  2014.  Quantification of viable eggs of the potato cyst nematodes (Globodera spp.  ) 
using either trehalose or RNA-specific Real-Time PCR.  Nematology, 1219-1232. 

• Ebrahimi, N. et al.  2015.  Optimizing Trehalose-Based Quantification of Live Eggs in Potato Cyst Nema-
todes (Globodera rostochiensis and G. pallida).  Plant Disease, 947-953. 

• OEPP/EPPO (2013) EPPO Standard PM 7/40 (3) Globodera rostochiensis and Globodera pallida.  EPPO 
Bulletin 43, 119–138.  

• van den Elsen, S. et al.  2012.  A rapid, sensitive and cost-efficient assay to estimate viability of potato cyst 
nematodes.  Phytopathology 102, 140-146 
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Red yeast rice based food supplement : 
Health benefi ts and safety concerns
Tangni Emmanuel K. (emmanuel.tangni@coda-cerva.be)

Centre d’Etude et de Recherches Vétérinaires et Agrochimiques (CODA-CERVA)
Direction Opérationnelle Sécurité Chimique de la Chaîne Alimentaire,
Service Toxines et Substances Naturelles, 
Laboratoire National de référence  Mycotoxines, Toxines de plante et Toxines marines  
Leuvensesteenweg 17, 3080 Tervuren, Belgique

 
Red yeast rice is prepared by solid fermentation from rice (Oryzae sp.) inoculated with fungi (Monascus 
purpureus) to produce compounds able to inhibit cholesterol production and maintain healthy cholesterol 
levels. It has been used as natural dietary supplement for thousands of years in some Asian countries and is 
nowadays accepted as food supplement, worldwide. Red yeast rice is available alone as powder designed to 
be taken in measured small unit quantities or as food supplements marketed in dose form such as capsules, 
tablets or pills. They were purchased either in retail stores (pharmacies, drugstores) or via internet.
  

 Apart from rice starches and sugars, red yeast rice is a conglomerate of bioactive compounds which include 
polyketides (monacolin K, similar to lovastatin), phytosterols, unsaturated fatty acids, pigments (monascoru-
brin, rubropunctatin, ankafl avin, rubropunctamine, monascorubramine monascin) and condensed tannins. 
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Red yeast rice improves digestion and blood circulation. It has been promoted to contribute to public health 
by reducing heart disease risk in individuals, with moderate elevations of circulating cholesterol levels. Apart 
from the key anti-lipemic attribute, ameliorative functions as anticancer, anti-glycemic and osteo-protective 
have emerged, which warrant additional investigations. In order to obtain consistent benefits and a holistic 
picture, further epidemiological studies are requisite. 
Red yeast rice was also used to improve the organoleptic properties (e.g. color) of meats. Beside red colorant, 
it acts also as preservative and flavor as well.

Besides the classical cholesterol lowering compound, a natural toxin, citrinin often co-occurs during fermen-
tation of red yeast rice and may significantly contribute to the bioavailability of this mycotoxin in the tracts. 
Citrinin is nephrotoxic and considered genotoxic and carcinogenic based on the available data. There is 
overwhelming evidence of global contamination of red yeast rice with citrinin. Commercially available food 
supplements as capsulated red yeast rice were contaminated with concentrations ranging from 2 up to 114 
μg of citrinin/capsule. In Belgium, low levels of citrinin were often found in food supplements based on red 
yeast rice. High citrinin loads (up to 121 mg/kg) was occasionally found in one foreign sample of red yeast 
rice (above the legal limit of 2000 μg/kg, Commission Regulation EC/212/2014). The more recent scientific 
information assessed by the European Food safety Authority (EFSA) clearly identified red yeast rice as the 
product with the highest incidence of citrinin contamination. Of 37 samples surveyed, citrinin was quantified 
in twenty-four food supplements derived from red yeast rice at concentrations ranging from 10 to 3597 μg/
kg. Only 13 samples contained trace levels, below the quantification limit (10 μg/kg). Although it was labelled 
that the origin of the samples was Europe, it is not clear whether the raw material came originally from Eu-
rope or it was processed here. It was noticed that in 3 samples, citrinin contents exceeded the European legal 
limit. Therefore, EFSA required the follow up of the red yeast rice and its manufactured food supplements 
as regards to risk management for human health concern and found that it is necessary and appropriate to 
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review the current maximum level of 2000 μg/kg in food supplements based on rice yeast rice. European 
Standardization Committee (CEN) has launched a mandate via CEN/TC275 WG5 for the standardization of 
the analytical method for citrinin determination in food for future data acquisition for consumers’ exposure 
assessment. 

Monacolin dosage, citrinin level and interaction with other drugs are critical factors for therapeutic efficacy of 
red yeast rice and its food supplements.

Further reading:

• Commission regulation No. 212/2014 amending regulation (EC) No 1881/2006 as regards maximum levels 
of the contaminant citrinin in food supplements based rice fermented with red yeast Monascus pur-
pureus. Official Journal of the European Union L 67: 3-4.

• EFSA European Food safety Authority 2012. Scientific Opinion on the risks for public and animal health 
related to the presence of citrinin in food and feed. EFSA J. 10(3):2605. 

• Kiebooms JAL, Huybrechts B, Thiry C, Tangni EK, Callebaut A (2016) A quantitative ultrahigh performance 
liquid chromatography-tandem mass spectrometry method for citrinin and ochratoxin A detection in 
food, feed and red yeast rice food supplements. World Journal Mycotoxin 9(3):343-352.

emmanuel.tangni@coda-cerva.be
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New workflow for detection of  
unauthorized GMO using  
Next-Generation-Sequencing
Marie-Alice Fraiture (Marie-Alice.Fraiture@wiv-isp.be)
Nina Papazova (Nina.Papazova@wiv-isp.be)
Nancy H Roosens (nancy.roosens@wiv-isp.be)

Scientific Institute of Public Health (WIV-ISP), Platform of Biotechnology and Molecular Biology (PBB), J. Wyts-
manstraat 14, 1050 Brussels, Belgium

The current genetically modified organism (GMO) detection system employed by enforcement laboratories is 
based on the qPCR technology. First, the potential presence of GMO is investigated through a qPCR screen-
ing analysis targeting mainly elements commonly found in transgenic constructs of GMO. The combination 
of p35S (Cauliflower mosaic virus (CaMV) 35S promoter) and tNOS (Agrobacterium tumefaciens nopaline 
synthase terminator) has been reported to allow the covering of most of EU (European) authorized GMO as 
well as unauthorized GMO. Consequently, EU unauthorized GMO could bypass this system if the tested sam-
ples contained both EU authorized and unauthorized GMO. Moreover, given that most of the used screening 
markers are derived from natural organisms, such as p35S and tNOS, their detection can only allow suspect-
ing the presence of GMO. 

To overcome these difficulties, we have recently suggested a new workflow based on next-generation-se-
quencing (NGS) technology in order to obtain the sequence information needed to prove the presence of 
EU unauthorized GMO in the food and feed chain. More precisely, the qPCR screening analysis, targeting 
key transgenic elements commonly found in both EU authorized and unauthorized GMOs, like p35S, tNOS 
and t35S pCAMBIA, is still used as the initial step in order to target a large spectrum of GMO. If one of these 
transgenic elements is detected during the qPCR screening analysis, a second step is then applied to ob-
tain information about the sequences surrounding this transgenic element. More precisely, a DNA walking 
strategy anchored on the previously detected transgenic elements is applied in order to amplify unknown 
sequences flanking known sequences. The final PCR product could then be sequenced through NGS tech-
nologies. This workflow has been successfully applied in GMO samples, including GMOs at trace levels, GMO 
mixtures and processed food matrices. Among the various NGS platforms, the use of the Pacific Biosciences® 
and the Oxford Nanopore® instruments for the sequencing of these DNA libraries enriched with sequences of 
interest has been evaluated as being the most relevant options since they are able to deal with heterogenic 
libraries and currently provides the longest read-length (up to 60 kbp and 200 kbp respectively for Pacific 
Biosciences® and the Oxford Nanopore® instruments). 

In this way, the complexity of the bioinformatics analysis could be reduced because the whole sequences of 
the generated amplicons could directly be provided without any preliminary de novo assembling of short 
sequences to rebuild longer sequences. The DNA sequences generated from this NGS targeted strategy could 
first be compared to a database containing at least all of the sequences from EU authorized GMOs, including 
the transgenic cassettes, the plant genomes and the transgene flanking regions. If no correspondence can be 
established between the generated sequences and the sequences from EU authorized GMOs, the presence of 
EU unauthorized GMOs is proven, after confirmation by PCR. With this new workflow, contrary to the current 
qPCR GMO detection system, the presence of EU unauthorized GMOs cannot be masked by the presence of 
EU authorized GMOs. Regarding the sequencing step, NGS technology can easily and substantially increase 
the number of samples in one analysis via a barcoding system, allowing thus to monitor the presence of EU 
unauthorized GMOs in the food and feed chain in a fast and high-throughput manner. 
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Study into food-borne outbreaks and  
molecular classification: high diversity of 
Staphylococcus aureus strains and the  
importance of toxin detection
Sarah Denayer, Laurence Delbrassinne and Nadine Botteldoorn.

The Scientific Institute of Public Health (WIV-ISP), NRL Food poisoning-NRL Coagulase-positive staphylococcus, J. 
Wytsmanstraat 14, 1050 Brussels, Belgium.

Introduction

Food-borne intoxication caused by staphylococci enterotoxins (SEs) are among the most reported food-
borne outbreaks. These are caused by the consumption of a foodstuff in which coagulase-positive staphylo-
cocci (CPS), generally Staphylococcus aureus, can grow and produce enterotoxins. Data from the European 
Food Safety Authority (EFSA) and the European Centre for Disease Prevention and Control (ECDC) show that 
bacterial toxins were the second most reported causative agent in the European Union for food-borne intox-
ications, over the period 2011-2015 (EFSA 2012-2016). Over this period, bacterial toxins accounted for 12.9% 
to 19.5% of food-related outbreaks, about half of which were caused by SEs.

An intoxication with SEs is characterised by the rapid development of typical symptoms which include vom-
iting, nausea, stomach cramps and in some cases diarrhoea. The typical incubation period is 2-7 hours, but 
symptoms are sometimes reported 30 minutes after consumption of food containing SE (Humphries and Lin-
scott, 2015). The symptoms are self-healing and usually disappear within 12 hours. The severity of symptoms 
depends on the amount of toxin ingested and the state of health of the individual, but also the toxin type 
(Hennekinne et al., 2012). Hospitalisation may be necessary for sensitive individuals such as the so-called 
YOPI group (young, old, pregnant, immuno-compromised). 

To date, 24 different SEs have been described based on their antigenicity. (Hennekinne et al., 2012; Ono et 
al., 2015). The nomenclature of SEs (SEA to SEIY) is based on their detection chronology. Emetic activity has 
already been proven for a sub-group of the SEs (Argudin et al., 2010, Omoe et al., 2013, Ono et al., 2015). The 
others are referred to as SE-like toxins (SEl) since they do not exhibit any emetic activity, or because this has 
not yet been proven. Out of the 24 SEs described in the literature, only 5 have been abundantly characterised 
(SEA, SEB, SEB, SEC, SED and SEE) for which detection methods (commercial or in-house) are already available 
(Nia et al., 2016 ULPT, NIA et al.,2016 Equatox). The presence of these toxins is usually described qualitatively 
in outbreaks, but quantitative data on SEs in foodstuffs are rather scarce. Recent findings show that other 
SEs (SEG, SEH, SEI, SER, SES and SET) also represent a potential risk in cases of food poisoning (Omoe et al., 
2013, Ono et al., 2015). Due to their stability at high temperatures (up to 28 minutes at 121°C), SEs are not 
completely destroyed during the heating which is currently applied in food processing (such as 15 sec. at 
72°C) (Hennekinne et al., 2012, Balaban and Rasooly 2000). In addition, SEs are resistant to numerous environ-
mental conditions (low pH, freezing, drying) in which CPS does not survive, and they are resistant to human 
proteolytic enzymes that keep them active in the digestive system after ingestion (Hennekinne et al., 2012). 
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The toxic dose is usually shown for observations of SEA, where only 20-100 ng of enterotoxin can already give 
rise to symptoms in a sensitive adult person (Hennekinne et al., 2012).

Food-borne intoxication by SEs is mainly associated with incorrectly handling cooked or processed foods, 
whereby the subsequent storage conditions allow the growth of CPS and thus also the production of SEs (Ar-
gudin et al., 2010). Food handlers who carry SE-producing CPS (e.g. on the nose, hands, skin) are considered 
to be the main source of food contamination through manual contact or secretions. Staphylococcus aureus 
is a common bacterium on the skin and mucous membranes of humans, with a persistence of approximately 
20-30% (Kluytmans and Wertheim, 2005). However, CPS may also end up in dairy production through con-
taminated milk from animals (cattle, sheep, goats) with an infected udder (Hennekinne et al., 2012; Kümmel 
et al., 2016).
The growth of CPS is mainly facilitated in protein-rich foods such as meat and meat products, poultry and 
egg products, milk and dairy products, and bakery products (mainly crème patissière) (EFSA report 2010 – 
2015, Hennekinne et al.,2012). The diagnosis of a food-borne intoxication with CPS is usually based on an 
amount >105 cfu CPS/g and the detection of SEs in food residues, but also the isolation of identical S. aureus 
clones in patients and the food residues in question (Hennekinne et al., 2010). 
Based on 3 outbreaks caused by SE-producing CPS in 2013, the importance of molecular classification of CPS 
isolates from humans and from food was demonstrated, but also the detection and quantification of SEs in 
food.

Methods

For food-borne outbreaks in Belgium, the inspectors of the Belgian Food Safety Agency (BFSA) are responsi-
ble for examining the food part and sampling foodstuffs, while the physicians of the Infectious Disease Con-
trol Services (Flanders) and AViQ-COCOM (Wallonia and Brussels) are responsible for the human part of the 
research into the collection of human samples. Epidemiological information about the outbreak is obtained 
from (family members of ) patients. 
The counting of CPS and Bacillus cereus on food samples took place as laid down in ISO 6888-1:1999 and ISO 
7932:2004 respectively. Inoculated human faeces or vomit was transferred directly to MYP agar (B. cereus) 
and Baird Parker agar (CPS). Detecting the presence of SEs was carried out using the VIDAS, in accordance 
with the European screening method (ESMv5), the quantification of SEs in food was done using a quantita-
tive ELISA method in the European Union Reference Laboratory for CPS (Anses). The CPS isolates were further 
characterised for the presence of 11 enterotoxin genes via PCR (Roussel et al., 2015). The comparison of 
human isolates and food isolates was made using Pulsed Field Gel Electrophoresis (PFGE) with SmaI as restric-
tion enzyme (Roussel et al., 2015).
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Results 

In 2013, four food-borne outbreaks were reported in Belgium with CPS as a causative agent, three of which 
are described here. A human case was defined as a person who consumed a meal at the site where the out-
break occurred and who showed symptoms (vomiting) within a time span of 1-6 hours. 
• Outbreak A occurred in a nursing home and was reported by doctors to the Infectious Disease Control 

Services. Twenty-eight residents needed to vomit within a time span of 3 hours after lunch. The lunch 
consisted of meatloaf or cod and mashed potatoes. 

• Outbreak B was reported to the BFSA by the manager of a catering company, after 18 people needed 
to vomit within 6 hours after eating various foods during a local barbecue. The same caterer had also 
supplied food for a similar barbecue at another location, but there were no reports of sick people there. 
An interesting detail was the power failure of the refrigerated trolley at the site of the outbreak, with a 
possible impact on the storage temperature. 

• Outbreak C: Here, 6 out of 7 exposed children needed to vomit within the hour after eating carrot puree 
and fish. The children were aged between 9 months and 2 years. The child who had only eaten a small 
amount (<2g) did not become ill. All the sick children were hospitalised and 2 were in shock. The carrot 
puree also contained leftovers from the previous day which were cooled at room temperature before 
being kept in the refrigerator. The fish was steamed just before consumption.

Foods that may have given rise to the symptoms, including food residues, were forwarded for analysis where 
available. Given that the symptoms (vomiting) for these outbreaks appeared shortly after consumption of 
the foodstuffs concerned, the laboratory examination was focused on food pathogens which produce emetic 
toxins, namely Bacillus cereus and coagulase-positive staphylococci. In addition, faeces samples from the sick 
persons and nasal and/or throat swabs of the food handlers were also analysed for these pathogens. 

No emetic toxin-producing Bacillus cereus was detected for any of the samples. CPS were isolated for all three 
outbreaks as detailed in Tables 1 (outbreak A), 2 (outbreak B) and 3 (outbreak B). The characterisation of the 
isolates on the enterotoxin genes present was also included in the tables, as was the detection and/or quanti-
fication of enterotoxins present in the food residues.
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In outbreak A, only low quantities (270 cfu/g) of CPS were found in the mashed potatoes, the other food 
samples were found negative for CPS. Low amounts of SEA (0.019 ng/g) were also detected in this matrix. 
Enterotoxinogenic CPS was isolated from the faeces of 2 patients. Nasal and throat swabs from 7 people 
preparing food were also found to be positive for CPS. An identical se gene profile is observed between the 
food isolate and the isolates of the 2 patients, while different se profiles are observed in the isolates from the 
food handlers. 

Table 1: Overview of the CPS counts in food samples, detection of CPS in human samples and classification  
results of isolates for outbreak A.

Détection SE a

Origin
(F, C, FH)*

Matrix
CPS

(cfu/g, D , 
ND)

strain
 (SE, type, 

ND)

Food
(D, ND)

SE (ng/g) b se-genes
Pulse
type

O
ut

br
ea

k 
A

 

F mashed potato 270 SEA, SED D SEA 0.019
sea, sed, 

seg, sei, sej, 
ser

210

F
Miscellaneous 
(17 samples)

ND ND No isolate

C Faeces 1 D SEA
sea, sed, 

seg, sei, sej, 
ser

210

C Faeces 2 D SEA
sea, sed, 

seg, sei, sej, 
ser

210

FH1 Throat swab D SEA sea, seh 37

FH2 Throat swab D SEC sec, seg, sei 212

FH3 Throat/nasal swab D SEA sea, seh 19

FH4 Nasal swab D ND
Negatively 
examined 
se genes

N/A

FH5 Nasal swab D ND seg, seh, sei 213

FH5 Throat swab D ND seg, seh, sei 214

FH6 Nasal swab D ND seg, sei 211

FH7 Throat/nasal swab D ND
Negatively 
examined 
se genes

N/A

20 FH/7 C Swab / Faeces ND No isolate
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High quantities of CPS were detected in the potato salad (>106 cfu/g). Not only was SEA detected in the pota-
to salad, but it also contained large quantities of SEC. 
In the other foods in question, lower numbers of sea-positive CPS were present (10²-10³ cfu/g), but the toxin 
SEA was not detected. A transfer of SEA-producing CPS strains to other food products through cross-con-
tamination during storage cannot be ruled out. On the other hand, the concentrations of SEA in these foods 
may have been below the detection limit for all the methods used. No CPS was isolated for any of the human 
samples.

Table 3: Overview of the CPS counts in food samples, detection of CPS in human samples and classification results  
of isolates for outbreak C.
 

Détection SE a

Origin
(F, C, FH)*

Matrix
CPS

(cfu/g, D , 
ND)

strain
 (SE, type, 

ND)

Food
(D, ND)

SE (ng/g) b se-genes
Pulse
type

O
ut

br
ea

k 
B

F Chicken 1700 SEA, SEC ND N/A sea, sec 195

F Sausage 1300 SEA D N/A sea 209

F Beef 900 ND ND N/A sea 209

F Potato salad 7200000 SEA, SEC D SEA 0.015 sea, sec 195

F Cake 100 ND ND N/A sep 5

F
Miscellaneous 
(11 samples)

ND N/A
Aucun 
isolat

4 FH/ 5 C
Faeces

(9 samples)
ND

Aucun 
isolat
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Table 3: Overview of the CPS counts in food samples, detection of CPS in human samples and classification results 
of isolates for outbreak C.
 

Détection SE a

Origin
(F, C, FH)*

Matrix
CPS

(cfu/g, D , ND)

strain
 (SE, type, 

ND)

Food
(D, ND)

SE (ng/g) b se-genes
Pulse
type

O
ut

br
ea

k 
C 

F
Carrot 

puree with 
fish

>15000000 SEA N/A
sea, seg, 

sei
208

F Fish ND N/A
Aucun 
isolat

C Faeces 1 D SEA
sea, seg, 

sei
208

C Faeces 2 D SEA
sea, seg, 

sei
208

C Faeces 3 D SEA
sea, seg, 

sei
208

C Faeces 4 D SEA
sea, seg, 

sei
208

FH
Throat/ 

nasal swab
D SEA

sea, seg, 
sei

208

C Vomit ND No isolate

In the carrot puree of outbreak C, high amounts of CPS (> 106 cfu/g) were found. There were insufficient sam-
ples available for the detection and quantification of SEs.  Due to the extremely high amounts of CPS and the 
rapid onset of symptoms in patients, it is assumed that high concentrations of SEA were present here. Given 
that this outbreak affected young children between 9 months and 2 years old, the effects of this outbreak 
could have been much more serious. An identical se gene profile is observed between the food isolate and 
the human CPS isolates.

Comparison of CPS strains of human origin and from food
All se-positive CPS isolates of the three outbreaks were compared using Pulsed Field Gel Electrophoresis 
(PFGE) (Figure 1). Various pulse types circulated in patients, food handlers and the food itself before the three 
outbreaks. In outbreak A, different pulse types (namely 19, 37, 211, 212 and 213) were identified among the 
food handlers, but none of them had the same pulse type (210) as the food isolate or patients (Figure 1). In 
outbreak B, three pulse types were identified (namely 5, 195, 209). For outbreak C, all the strains isolated from 
the mashed potatoes, the patients and the food handlers had an identical pulse type (namely 208).
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Discussion

Three cases of food-borne intoxication have been described which were caused by enterotoxins (SEs) of 
coagulase-positive Staphylococci (CPS). All are considered to be outbreaks with strong microbiological and 
epidemiological evidence in accordance with the EFSA nomenclature. Based on the microbial analysis, the 
involvement of emetic Bacillus cereus can be ruled out as a causative agent. 
• Worldwide, staphylococci enterotoxine A (SEA) is the most reported SE in cases of food-borne intoxica-

tion with CPS (Argudin et al., 2010). This SE was also the relevant toxin for the 2013 outbreaks where SEA 
was detected at both the phenotypic and genotypical level in the CPS isolates of human cases and food 
residues. Potato-based foods, including mashed potato and potato salad, were involved in the three out-
breaks described. SEs were quantifi ed in these foodstuff s, except for outbreak C where the analysis could 
not be carried out due to insuffi  cient samples. 

Figure 1. Comparison of food and human isolates from outbreaks A, B and C using Pulsed Field Gel Electrophorese 
(PFGE). Key: Food (F); Patient (P); Food handler (FH); Outbreak (Out.); Pulse type (PT)
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• Various analytical methods were developed for the detection and quantification of SEs, including immu-
nological methods and others based on mass spectrometry. Both approaches have their limitations, espe-
cially with regards to the availability of specific antibodies, peptides and standards, but also a difference 
in the sensitivity of the detection method, as our results also show (Hennekinne et al., 2010; Hait et al., 
2014; Wu et al., 2016). For example, lower sensitivity is observed for the SET-RPLA compared to the VIDAS 
SET2 and the Ridascreen. Furthermore, the commercially available ELISA methods currently only allow 
detection of the five conventional SEs, SEA to SEE, in food matrices with or without identification of toxin 
types SEA to SED (Hait et al., 2014; Nia et al., 2016a and b). However, an emetic activity has already been 
demonstrated for other SEs described but no detection methods are currently available.

• In addition, SE production is influenced by various factors including pH, water activity, temperature and 
other parameters (Hait et al., 2014). As such, although the presence of enterotoxin genes may not give a 
correct indication of toxin production, PCR may be a valuable screening tool for isolated staphylococci 
and for food matrices. In this way, there is an indication of whether there is a possibility that enterotoxin is 
present in a foodstuff, even for more recently described SEs for which there is currently no toxin detection 
method. Using PCR, it was indeed the case that not only genes coding for conventional enterotoxins were 
detected (sea, sec or sed) in the food and human isolates, but also genes coding for other SEs (seg, seh, 
sei, sej, ser and sep) in which an emetic activity has already been described for some of them.

• The exact amount of enterotoxin giving rise to symptoms is still unknown. If one hundred grams is taken 
as an average portion, amounts between 1.9 ng (mashed potato outbreak A) and 14.7 ng (potatoes out-
break B) were detected, which gave rise to vomiting and then diarrhoea. These levels are much lower than 
those described in previous studies on healthy male volunteers, in which an oral intake of 3.5 µg pure 
SEA, SEB or SEC gave rise to vomiting and/or diarrhoea in all individuals (Bennet et al., 2005). Amounts 
between 20-100 ng were previously described as being effective in SFP (Hennekinne et al., 2012). Recent 
studies using dose-response models based on outbreak data show that 6.1 ng SEA is sufficient to give rise 
to symptoms in 10% of the exposed population (benchmark dose (BMD10)) (Guillier et al., 2016). In the 
case of outbreak A, the presence of multiple enterotoxins, which moreover may also have a synergistic 
effect, cannot be ruled out since the S. aureus isolates also contain other enterotoxins (sea, sed, seg, sei, 
sej and ser). Although SEG, SEH, SEI, SES and SET all exhibit emetic activity and therefore have a potential 
role in SFP, detection methods for these toxins in food still need to be developed (Omoe et al., 2013, Ono 
et al., 2015).

• European Regulation 2073/2005 requires that the presence of SEs in cheese and milk or whey powder 
should be investigated only when the quantity of CPS is at least 105 cfu per gram of food (food hygiene 
criterion), whereby SEs should be absent (food safety criterion) for these products on the market until 
their shelf-life has expired. For other foods, there are no criteria as yet, but the direct detection of SEs in 
food, including in food-borne intoxications, is important due to the heat resistance of these toxins. It is 
therefore interesting that SEA was detected in mashed potatoes, for which only 270 cfu CPS per gram of 
mashed potato was found. This confirms previous findings that pre-formed SEs may still be present in 
heat-treated foods even though S. aureus has been eliminated, meaning that a counting of CPS cannot be 
used in itself to characterise an SFP outbreak (Hennekinne et al., 2010). 

• Various molecular classification methods have already been used to compare Stapylococcus aureus 
strains in outbreak investigations, including MLVA, spa classification and Pulsed Field Gel Electrophoresis 
(PFGE) (Roussel et al., 2015). To date, PFGE remains the reference for classifying CPS, although the use 
of new molecular techniques such as new generation sequencing (NGS) in outbreak investigation and 
the classification of strains, are gaining in popularity, and are also promising for surveillance (Hennekine 
et al., 2003, Bartels et al., 2014, Robinson et al., 2013, EFSA Opinion 2013). The use of these classification 
methods is important given that the presence of SEs or se genes is not sufficiently discriminatory for it to 
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link a contaminated foodstuff with a patient, person preparing food or operator. For example, for out-
break A, two isolates from a food handler belonged to a different pulse type (213 and 214), although they 
had an identical se gene profile. On the other hand, PFGE was able to demonstrate that enterotoxino-
genic S. aureus isolates (sea, seg, sei) of the patients in outbreak C were identical to the food isolate and 
belonged to pulse type 208. The isolate from the food handler, in this case the child minder, was also of 
the same pulse type, which means that the strain probably ended up in the mashed potatoes via the child 
minder. It remains unknown how the strain entered the food for outbreaks A and B, but using PFGE, the 
food could be linked to outbreak A patients, given that an identical pulse type (i.e. 210) was observed for 
the isolates. Note also that comparing samples can not only prove, but also rule out, the involvement of 
persons preparing food.

• SFP is generally associated with the incorrect handling of cooked or processed food, followed by storage 
in conditions that allow the growth of S. aureus and the production of toxins. The presence of enterotoxin 
genes in CPS isolates from healthy carriers, including food handlers, highlights the risk of contamination 
of foodstuffs during food preparation and processing. In addition, many of our isolates contain enterotox-
in genes that are different from the conventional SEs, for which their role in food-borne intoxication is not 
always known. In outbreak A, 3 food handlers tested positive for S. aureus isolates which contained the 
seh gene, which was described in earlier outbreaks in Japan and Norway (Hait et al., 2014, Jorgesen et al., 
2005). A repeated sampling of a large population of healthy carriers, including food handlers, in China be-
tween 2002-2012, showed a significant increase for certain se genes including seh (Ho et al., 2015). These 
studies show that there is a need for methods which detect SEH directly in food, among other things. In 
the outbreaks described here, no CPS isolate from food was found to be positive for the seh gene. The 
combination of se genes, referred to as se gene profile going forward, can also give an initial indication 
of a possible link between a contaminated food and a patient. This is the case for outbreaks A and C, for 
which an identical SE gene profile is observed between the food isolate and one or more human CPS 
isolates.

Conclusion

Three SFP outbreaks have been described that were caused by enterotoxin A-producing S. aureus strains. 
Molecular detection methods, including conventional or real-time PCR, can be used to evaluate the genetic 
capacity for producing enterotoxins from isolated strains. Molecular classification of CPS isolates can also 
help in trace-back/-forward source detection in outbreak investigations. The detection and identification of 
emetic SEs, which are different from SEA-SEE, will be important to increase the number of reported outbreaks 
with strong evidence. Given that it is difficult to develop ELISA-based immunological methods for the detec-
tion of SEs, PCR methods still provide complementary information in SFP outbreak investigations. In the case 
of food-related outbreaks, the investigation should include, firstly, the analysis of nasal or throat swabs of 
food handlers and, secondly, the analysis of all food components or food residues. This requires a coordinated 
approach within a multidisciplinary team, which brings together animal health experts and human health 
experts, as well as epidemiologists and food microbiologists. Good hygiene practice, including hand hygiene 
and the correct storage or heating of food products, is crucial for preventing CPS outbreaks.
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Key to tables:

F: Food; 
P: Patient; 
FH: Food Handler; 
N/A: Not analysed; 
D: Detected; 
ND: Not Detected; 
SE type: Staphylococcal Enterotoxin type
*: Human samples from the same P or FH are indicated in superscript with an identical number. 
a commercial method (VIDAS and/or Ridascreen on food, SET-RPLA on strain). 
b in house ELISA method
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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)

5-7 november 2018
4th International Congress ‘’Food 
Quality, Technology and Safety’’

Berlin, 
Germany

http://unitedscientificgroup.com/conferences/
food-chemistry-and-technology/

23-25 october 2018
18th International Symposium 
‘’Feed Technology’’

Novi Sad, 
Serbia

http://foodtech.uns.ac.rs/

10-11 october 2018
Workshop “Use of reference materi-
als and the estimation of measure-
ment uncertainty”

Geel, 
Belgium

https://ec.europa.eu/jrc/en/event/train-
ing-course/use-reference-materials-and-estima-
tion-measurement-uncertainty-2018

18 october 2018
Symposium “Food Allergens: regu-
lation, management and detection”  

Brussel, 
Belgium

http://www.cergroupe.be/fr/news/83-symposi-
um-international-2-edition.html

19-21 september 2018 Innovations in Food Analysis 2018
München, 
Germany

http://www.ifaiconference.com/

9-12 october 2018
Workshops on ‘The use of DNA bar-
coding, from theory to practice’

Paris, 
France

https://www.euphresco.net/media/events/dna_
barcoding_2018.pdf

11-14 december 2018
Workshops on ‘The use of DNA bar-
coding, from theory to practice’

Wageningen, 
Netherlands

https://www.euphresco.net/media/events/dna_
barcoding_2018.pdf

4-5 october 2018
Twenty-third Conference on Food 
Microbiology

Brussel, 
Belgium

https://www.bsfm.be/

12-14 september  2018
Pesticides 2018 - International 
Conference

Bologna, 
Italy

https://events.unibo.it/10thpesti-
cides-16thchemistry-fatemodernpesti-
cides-10thmgpr-symposium2018

26-31 august 2018
10th International PCB Workshop : 
DIOXIN 2018

Kraków, 
Poland

http://dioxin2018.org/

19-24 may 2019        
14th IUPAC International Congress 
of Crop Protection Chemistry

Ghent, 
Belgium

https://www.iupac2019.be/

 2-6 June 2019
67th ASMS Conference on Mass 
Spectrometry and Allied Topics

Atlanta, 
GA, USA

https://machprinciple.com/confer-
ence5.php?conf=67th-ASMS-Confer-
ence-on-Mass-Spectrometry-and-Allied-Top-
ics&slno=809
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