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THE RME CONFERENCE SERIES 
 
CONFERENCE HISTORY 
 
In 2004, the RME conference series started as ‘Rapid Methods Europe’, providing a reference source 
for anyone interested in the rapid detection of biological and chemical contaminants in food, feed and 
the environment. During the years it has strengthened its position as an important meeting point for 
academia and industry.  
 
The term ‘rapid’ is used variously in discussions of rapid methodology and instrumentation. It should 
be noted that ‘rapid’ is not a goal in itself. In addition to increased speed, rapid methods must also 
take account of other criteria such as sampling and sample preparation, multitarget screening, lower 
detection limits, accuracy and sensitivity, data analysis, total costs proportionate to the benefits, etc., 
eventually leading to methods best suited for use. 
 
The RME conference series focuses on the developments in the shift from slower, traditional 
measurements to more rapid methods for microbial and chemical analysis of food, feed and water 
analysis ensuring safety and quality. 
 
 
 
 
 
ADVISORY COMMITTEE 
 
Dr. Aart van Amerongen Biomolecular Sensing & Diagnostics, Wageningen UR, 

the Netherlands 
 
Dr. Daniel Barug  Bastiaanse Communication, the Netherlands 
 
Prof.dr. Sarah De Saeger Department of Bio-analysis, Ghent University, Belgium 
 
Hans Dijk   Scienion, Germany 
 
Bram van der Gaag  Benten Water Solutions, the Netherlands 
 
Dr. Gerrit Keizer  Thermo Fisher Scientific, the Netherlands 
 
Dr. Kitty Maassen  National Institute for Public Health and the Environment, 

the Netherlands 
 
Prof.dr. Richard O’Kennedy School of Biotechnology, Dublin City University, Ireland 
 
Dr. Bert Popping  Mérieux NutriSciences, France 
 
Dr. Michele Suman  Advanced Research Labs, Barilla, Italy 
 
Prof.dr. Ibtisam E. Tothill Division of Engineering Sciences, Cranfield University, UK 
 
Prof.dr. Mieke Uyttendaele Department of Food Safety and Food Quality, Ghent University, 

Belgium 
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THE RME CONFERENCE SERIES 
 
10TH ANNIVERSARY! 
 
Continuing the successful series of Rapid Methods Europe conferences, RME2015 takes place in 
Noordwijkerhout, the Netherlands, 20 - 22 April 2015.  
 
RME2015 is the 10th in a series of conferences dedicated to innovations and breakthroughs in 
microbiological and chemical analysis of food, feed and water. This series aims to further strengthen 
the academia-industry relations and to further disseminate advanced research towards practical 
applications in food, feed and water analysis.  
 
RME2015 presents new and cutting-edge technologies focusing on multitarget screening, lower 
detection limits, wider range of matrices and shorter time, with an eye toward looking for unknown 
compounds and moving tests out of the laboratory. 
 
RME2015 features: 

 Plenary lectures & parallel sessions 

 Reviews and case studies 

 Poster sessions 

 Workshops & vendor demonstrations 

 Instrument & manufacturers exhibition 
 
As a comprehensive overview, RME2015 offers an excellent way to network and share ideas, providing 
a reference source for anyone wishing to gain insight into the latest developments in microbial and 
chemical analysis of food, feed and water ensuring safety and quality. You are cordially invited to take 
part in the discussions with participants from different disciplines and to meet business relations in 
your area. We wish you an active and fruitful meeting! 
 
On behalf of the Advisory Committee, 
 

 
 
 
Dr. Daniel Barug 
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PROGRAMME AT A GLANCE 
 
Monday 20 April 2015 

12:45 – 13:00 Opening of RME2015 

Instrument & 
manufacturers 
exhibition 

13:00 – 13:50 Plenary keynote lectures 

13:50 – 15:15 Plenary meeting 
Rapid methods: challenges and prospects 

15:45 – 16:45 Workshops & vendor demonstrations – Round I 

17:00 – 19:00 Excursion  

19:30 – 21:00 RME’s Lounge Party 

 
 
Tuesday 21 April 2015 

08:30 – 09:15 Plenary keynote lectures 

Instrument & 
manufacturers 
exhibition 

09:15 – 09:45 Plenary lightning talks (short presentations by 
exhibitors) 

09:45 – 12:45 Parallel session 1 
Advances in microbial 
analysis: focus on viruses 
and parasites 

Parallel session 2 
Advances in contaminant 
analysis 

12:45 – 14:00 Workshops & vendor demonstrations – Round II 
Poster viewing 

14:00 – 17:30 Parallel session 3 
Advances in microbial 
analysis: focus on bacteria 

Parallel session 4 
Advances in contaminant 
analysis 

17:30 – 18:00  Speed presentations 
(selected posters)  

Speed presentations 
(selected posters) 

18:00 – 19:00 Poster viewing & drinks                              

20:15 Conference dinner (reservations only) 

 
 
Wednesday 22 April 2015 

08:30 – 10:45 Parallel session 5 
Advanced technologies & 
rapid diagnostic platforms 

Parallel session 6 
RME2015 meets the project 
DECATHLON Instrument & 

manufacturers 
exhibition 

11:15 – 13:00 Final plenary meeting 
A glimpse into the promise of future developments 

13:00 Closing of RME2015 
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CONFERENCE PROGRAMME 
 
MONDAY 20 APRIL 2015 
 
12:45 Opening of RME2015 

Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics, Wageningen UR, the 
Netherlands 

 

Plenary keynote lectures 
 
13:00 Human traces in the river Rhine  
 Prof.dr. Andreas Fath, Faculty Medical and Life Sciences, Furtwangen University, 
 Germany 

For his spectacular research project, Andreas Fath swam the complete  length of the Rhine 
and took water samples to examine the quality of the river water using advanced 
 analytical techniques.  

 
13:25 The use of molecular methods in food diagnostics: challenges in  interpretation and 
 implications of nucleic acid detection for food safety decision making 
 Prof.dr. Mieke Uyttendaele, Department of Food Safety and Food Quality, Ghent 
 University, Belgium 

 
Plenary meeting: Rapid methods – challenges and prospects 
 
Chair: Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics, Wageningen UR, the 

Netherlands 
 
13:50 From Gram staining to genome sequencing – how will the past shape the future? 
 Dr. Adrianne Klijn, Nestlé Research Centre, Switzerland 
 
14:10 Advancing analytical microbiology in the dairy industry 

Dr. Mickaël Boyer, Danone Nutricia Research, France 
 
14:30 Rapid methods in the micro world of beer: implementation of a rapid method in a quality 

analysis system based on a user-friendly validated platform 
 Petra Zeegers, Heineken Supply Chain, the Netherlands 
 
14:50 Applications of microfluidics in waterborne pathogen monitoring 

Dr. Helen Bridle, Institute of Biological Chemistry, Biophysics and Bioengineering, Heriot-Watt 
University, UK 

 
15:15 Networking break & exhibition 
 
15:45 – 16:45 Workshops & vendor demonstrations (see page 15) 

o QIAGEN : Wanted – dead or alive! 
o SCIENION : Multiplexed test production 
o BIODOT : Dispense technology and materials influence on lateral flow test and control lines 

 

17:00 – 19:00 
Excursion to Museum Boerhaave in the city of Leiden 
The Netherlands has a great history in the development of sciences and medicine. 
Museum Boerhaave, located in the former Caecilia hospital in the centre of Leiden, 
shows over five centuries of inventions and discoveries in several sciences. A 
special exhibition – FOODTOPIA – is devoted to food innovations from 1900 until 
now. FOODTOPIA asks the question of how to provide 6 billion people with 
sustainable, high-quality food by the year 2050. What are the promising 
developments for the future? In the food lab, the exhibition presents food supply 
innovations, such as cultured meat and 3D-printed food.  

 
19:30 – 21:00 RME’s lounge party 
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TUESDAY 21 APRIL 2015 

Plenary keynote lectures 
 
08:30 Horizon 2020 – Food Scanner 

Gerald Cultot, Health and Wellbeing, DG Connect, European Commission, Brussels, Belgium 
The Horizon Prize for a food scanner will be awarded to a mobile solution that analyses 
precisely, quickly and efficiently food composition, nutrition facts and potentially harmful 
ingredients, such as allergens. 

 
08:50 Defining the choice of an alternative microbiological method in the food industry 
 Cécile Vadier, Barry Callebaut, France  
 
09:15 Plenary lightning talks (short presentations by exhibitors) 

o New analytical tools to tackle an old problem: screening and identification of mycotoxins in food by 
UHPLC-QTOF-MS – Dr. Thomas Glauner, Agilent, Germany 

o New proceeding in lab efficiency: how workflow optimisation can create value for your laboratory – Pieter 
Heyvaert, bioMérieux, Belgium 

o Bio-Rad’s real-time innovation for food safety – Gerrit Dijkstra, Bio-Rad Laboratories, the Netherlands 
o Innova Biosciences conjugation technology for enhanced assay development – Tom Speedy, Innova 

Biosciences, UK 
o A complete and flexible solution from sample preparation to purification – Dr. Christian Kopp, MP 

Biomedicals, France 
o Microorganisms CRMs – Jvo Siegrist, Sigma-Aldrich, Switzerland 
o RIDA®CUBE SCAN: small things can make big difference – Ronald Niemeijer, R-Biopharm, Germany 

 
Parallel session 1: Advances in microbial analysis – focus on viruses and parasites 
This session provides an insight into selected areas of advanced detection of viruses and protozoan 
parasites in food and water. 
 
Chair: Dr. Kitty Maassen, National Institute for Public Health and the Environment, the Netherlands 
 
09:45 Advances in rapid methods for enteric virus detection in food 

Dr. Gloria Sánchez, Department of Microbiology and Ecology, University of Valencia and 
Department of Biotechnology, IATA-CSIC, Spain 

 
 
10:10 Waterborne viruses: affinity-based system for detection and removal 

Prof.dr. Ibtisam E. Tothill, Division of Engineering Sciences, Cranfield University, UK 
 
10:35 Innovative technologies to detect viruses in food and environmental matrices 

Dr. Jennifer Shields, Department of Food, Bioprocessing and Nutrition Sciences, NC State 
University, USA 

 
 
11:00 Networking break & exhibition  
 
11:30 Detection of parasites in the food chain: why and how 

Dr. Joke van der Giessen, National Reference Laboratory for Foodborne Parasites, National 
Institute for Public Health and the Environment, the Netherlands 

  
11:55 Detection of Toxoplasma gondii in meat using magnetic capture and qPCR 

Marieke Opsteegh, Centre for Infectious Disease Control, National Institute for Public Health 
and the Environment, the Netherlands 

 
12:20 Sensor detection of parasite eggs and (oo)cysts – possibilities and challenges 

Dr. Heidi Enemark, National Veterinary Institute, Technical University of Denmark, Denmark 
 
 
12:45 – 14:00 Networking break & exhibition 

Poster viewing 
Workshops & vendor demonstrations (see page 15) 
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TUESDAY 21 APRIL 2015 

Plenary keynote lectures 
 
08:30 Horizon 2020 – Food Scanner 

Gerald Cultot, Health and Wellbeing, DG Connect, European Commission, Brussels, Belgium 
The Horizon Prize for a food scanner will be awarded to a mobile solution that analyses 
precisely, quickly and efficiently food composition, nutrition facts and potentially harmful 
ingredients, such as allergens. 

 
08:50 Defining the choice of an alternative microbiological method in the food industry 
 Cécile Vadier, Barry Callebaut, France  
 
09:15 Plenary lightning talks (short presentations by exhibitors) 

o New analytical tools to tackle an old problem: screening and identification of mycotoxins in food by 
UHPLC-QTOF-MS – Dr. Thomas Glauner, Agilent, Germany 

o New proceeding in lab efficiency: how workflow optimisation can create value for your laboratory – Pieter 
Heyvaert, bioMérieux, Belgium 

o Bio-Rad’s real-time innovation for food safety – Gerrit Dijkstra, Bio-Rad Laboratories, the Netherlands 
o Innova Biosciences conjugation technology for enhanced assay development – Tom Speedy, Innova 

Biosciences, UK 
o A complete and flexible solution from sample preparation to purification – Dr. Christian Kopp, MP 

Biomedicals, France 
o Microorganisms CRMs – Jvo Siegrist, Sigma-Aldrich, Switzerland 
o RIDA®CUBE SCAN: small things can make big difference – Ronald Niemeijer, R-Biopharm, Germany 

 
Parallel session 2: Advances in contaminant analysis 
Advanced technologies provide many opportunities for improved detection of contaminants in food, 
feed and water. 
 
Chair: Prof.dr. Sarah De Saeger, Department of Bio-analysis, Ghent University, Belgium 
 
09:45 Near-infrared spectroscopy: a tool for untargeted detection of contaminants taking advantage 

of sample heterogeneity 
Dr. Vincent Baeten, Quality of Agricultural Products Department, Walloon Agricultural 
Research Centre, Belgium  

 
10:10 Next generation sequencing in food authentication and safety: the future is happening now 
 Dr. Sandra Chaves, Biopremier, Portugal 
 
10:35 Meat authentication: a new HPLC-MS/MS based method for the fast and sensitive detection of 

horse and pork in highly processed food 
Prof.dr. Hans-Ulrich Humpf, Institute of Food Chemistry, Westfälische Wilhelms-Universität 
Münster, Germany  

 
11:00 Networking break & exhibition 
 
11:30 NanoMIP-based optical sensor for pharmaceuticals monitoring of drinking water 

Dr. Zeynep Altintas, Division of Engineering Sciences, Cranfield University, UK 
 
 
11:55 A comparative sensing platform for endotoxin: MIPs or peptides? 

Mohammed J. Abdin, Division of Engineering Sciences, Cranfield University, UK 
 
 
12:20 Integrated capability for detecting frauds and assuring the integrity of the food chain: the 

project FoodIntegrity 
 Dr. Michele Suman, Advanced Research Labs, Barilla, Italy 
 
12:45 – 14:00 Networking break & exhibition 

Poster viewing 
Workshops & vendor demonstrations (see page 15) 
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TUESDAY 21 APRIL 2015 
 
Parallel session 3: Advances in microbial analysis – focus on bacteria  
The future looks very bright for the field of rapid methods in microbiology. The potential is great with 
many new developments and applications. 
 
Chair: Prof.dr. Mieke Uyttendaele, Department of Food Safety and Food Quality, Ghent University, 

Belgium 
 
14:00 Rapid qPCR assay for enumeration of viable Salmonella in food – outputs of the project 

BASELINE 
Dr. Frédérique Pasquali, Department of Agricultural and Food Sciences , University of 
Bologna, Italy 

 
14:25 Novel antibody-based systems for Listeria detection 

Prof.dr. Richard O’Kennedy, School of Biotechnology and Biomedical Diagnostics Institute, 
Dublin City University, Ireland 

 
14:50 Escherichia coli detection in food: development of a fully automated pathogen purification and 

detection system 
 Dr. Marcia Armstrong, QIAGEN, Germany 
 
15:15 SMARTDETECT – a lab-on-chip system for pathogen detection 

Dr. Anders Wolff, Department of Micro- and Nanotechnology, Technical University of 
Denmark, Denmark 

 
15:45 Networking break & exhibition 
 
16:15 Cultivation-free identification of pathogens by means of Raman spectroscopy 

Dr. Petra Rösch, Institute of Physical Chemistry, University of Jena, Germany 
 
 
16:40 Flow cytometry community fingerprinting to detect quickly stress in drinking water systems 

Prof.dr. Nico Boon, Department of Biochemical and Microbial Technology, Ghent University, 
Belgium 

 
17:05 Droplet digital PCR: applications for detection and enumeration of bacteria in food  
 Dr. Jean-François Mouscadet, Food Science Division, Bio-Rad Laboratories, France 
 
 
17:30 – 18:00 Speed presentations (selected posters) 

o A novel high-throughput method for molecular detection of human enteric viruses using a 
nanofluidic real-time PCR 
Audrey Fraisse, Food Safety Laboratory, ANSES, France 

o Rapid method for the detection of methicillin-resistant Staphylococcus aureus (MRSA) 
Dr. Heleen van den Bosch, Biomolecular Sensing & Diagnostics, Wageningen UR, the 
Netherlands 

o Detection of Salmonella spp. in animal feeding stuffs using a LAMP-based method 
Martin D’Agostino, The Food and Environment Research Agency, UK 

o Applications of robotised solid state cytometry and fluorescent in situ hybridisation as a 
platform for autonomous and rapid biosensoring 
Dr. Gijsbert Jansen, Biotrack, the Netherlands 

 
18:00 – 19:00 
Poster viewing & drinks 
 
20:15 Conference dinner (secure your reservation!) 
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TUESDAY 21 APRIL 2015 
 
Parallel session 4: Advances in contaminant analysis 
Selected areas of contaminant analysis where there have been recent advances or where the 
contaminant itself has some topicality are highlighted. 
 
Chair: Dr. Michele Suman, Advanced Research Labs, Barilla, Italy 
 
 
14:00 Sample preparation and analyte quantification using aqueous two-phase extraction coupled 

with an immunoassay in a microfluidic chip for point-of-use food and feed safety applications 
 Dr. João Conde, Department of Bioengineering, University of Lisbon, Portugal 
 
 
14:25 An environmentally friendly multi-extraction method for screening of mycotoxins  

Barbara Cvak, Romer Labs Division Holding GmbH, Austria 
   
 
14:50 Enzyme, antibody and MIP assays for the rapid determination of biogenic amines 

Dr. Claudia Preininger, Department Health and Environment, Austrian Institute of Technology, 
Austria 

 
15:15 New developments in effect-based analysis of hormones, POPs, veterinary drugs and 

obesogens in complex mixtures 
 Dr. Peter Behnisch, BioDetection Systems, the Netherlands 
 
15:45 Networking break & exhibition 
 
16:15 DNA analysis goes on site: the combination of isothermal amplification methods with ionic 

liquid based rapid extraction protocols 
 Dr. Kurt Brunner, Department IFA-Tulln, Vienna University of Technology, Austria 
 
16:40 An old material for novel applications – microfluidic papers and paper based sensors 

Prof.dr. Markus Biesalski, Department of Chemistry, Technische Universität Darmstadt, 
Germany 

 
17:05 Paper/plastic nanobiosensors for food and environmental applications 

Prof.dr. Arben Merkoçi, Nanobioelectronics and Biosensors Group, Catalan Institute of 
Nanoscience and Nanotechnology, Spain 

 
17:30 – 18:00 Speed presentations (selected posters) 

o Development and applicability to real-life samples of a ready-to-use, multi-target analytical 
system for GMO screening 

Sabrina Rosa, Institute for Health and Consumer Protection, EC Joint Research Centre, Italy 
o Quick test for the detection of blue-green algal toxins 

Christina Liedert, VTT Technical Research Centre of Finland, Finland 
o The next-generation of proton-transfer-reaction mass spectrometry: high selectivity and high 

speed analysis in food and flavour research 
Simone Jürschik, IONICON Analytik, Austria 

o DNA metabarcoding for plant species identification and quantification in complex samples 
Alexandre Angers-Loustau, Institute for Health and Consumer Protection, EC Joint Research 
Centre, Italy 

 
18:00 – 19:00 
Poster viewing & drinks 
 
20:15 Conference dinner (secure your reservation!) 
 
 
 
 
 



12  RME2015  
  20 - 22 April 2015, the Netherlands 

WEDNESDAY 22 APRIL 2015 
 
Parallel session 5: Advanced technologies & rapid diagnostic platforms 
What’s next? 
 
 
 
Chair: Prof.dr. Richard O’Kennedy, School of Biotechnology, Dublin City University, Ireland 
 
08:30 Next generation multi-analyte protein microarray diagnostic platforms 

Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics, Wageningen UR, the 
Netherlands 

 
 
08:50 How a highly disruptive membrane technology can contribute to effective analysis 
 Hans-Henk Wolters, Metalmembranes.com, the Netherlands 
  
 
09:10 Rapid testing of pathogenic microorganisms by microfluidic immunomagnetic separation and 

single-cell counting 
Dr. Hans-Anton Keserue, rqmicro LLC, Switzerland 
 

 
09:30 Affinity sensor based on immobilised molecular imprinted synthetic recognition elements 
 Dr. Natalia Beloglazova, Department of Bio-analysis, Ghent University, Belgium 
 
 
 
09:50 Biofunctionalised nanoparticles for fluorescence and scattering based sensing 
 Prof.dr. Paul Millner, School of Biomedical Sciences, University of Leeds, UK 
 
10:10 On-line rapid diagnostics for environmental application 

Dr. Adama Marie Sesay, Centre for Measurement and Information Systems, University of 
Oulu, Finland 

 
10:30 Combination of cell culture assays, analytical chemistry and proteomics to assess the sub-

emetic toxicity of bacterial toxins 
Dr. Andreja Rajkovic, Department of Food Safety and Food Quality, Ghent University, Belgium 

 
10:45 Networking break & exhibition 
 
11:15 – 13:00 Final plenary meeting: A glimpse into the promise of future developments 

see page 14 
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WEDNESDAY 22 APRIL 2015 
 
Parallel session 6: RME2015 meets the project DECATHLON 
The project DECATHLON brings together a broad range of experts and expertise to jointly work on the 
development of new or improved methods that are needed in the field of food pathogens, traceability 
of GMOs, and customs issues. 
 
Chair: Dr. Esther Kok, RIKILT Wageningen UR, the Netherlands 
 
08:30 DECATHLON – Development of Cost efficient Advanced DNA-based methods for specific 

Traceability issues and High Level On-site applicatioNs 
Dr. Esther Kok, RIKILT Wageningen UR, the Netherlands  

 
08:45 The mission control work package of DECATHLON: the central work package for the 

discussion of technical approaches 
Dr. Ralf Seyfarth, Biolytix AG, Switzerland  

 
09:05 On-site methods within DECATHLON – towards point-of-use molecular analysis and next 

generation sequencing 
Dr. David Kinahan, School of Physical Sciences, Dublin City University, Ireland and Dr. 
Grégory Schneider, Institute of Chemistry, Leiden University, the Netherlands 

 
09:25 Improved DNA-based detection of foodborne pathogens using enterohemorrhagic E. coli as a 

model 
Prof.dr. Ulrich Dobrindt, Institute of Hygiene, Westfälische Wilhelms-Universität Münster, 
Germany  

 
09:45 Digital PCR and NGS as new tools in the GMO detection toolbox 

Dr. Jeroen van Dijk, RIKILT Wageningen UR, the Netherlands 
 
10:05 Customs issues: method development tobacco and CITES species within DECATHLON 

Dr. Tamara Peelen, Customs Laboratory, The Dutch Tax Administration, the Netherlands 
 
 
10:25 The hammer and the nail in method development, validation and application 

Dr. Arne Holst-Jensen, The Norwegian Veterinary Institute, Norway  
 
 
 
10:45 Networking break & exhibition 
 
11:15 – 13:00 Final plenary meeting: A glimpse into the promise of future developments 

see page 14 
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WEDNESDAY 22 APRIL 2015 
 
Final plenary meeting: A glimpse into the promise of future developments 
 
Chairs: Dr. Aart van Amerongen, Biomolecular Sensing & Diagnostics, Wageningen UR, the 

Netherlands 
 Prof.dr. Richard O’Kennedy, School of Biotechnology, Dublin City University, Ireland 
 
11:15 Biomimetic virus-based colourimetric sensors 

Prof.dr. Seung-Wuk Lee, Department of Bioengineering, University of California, Berkeley, 
USA   

 
11:40 The centrifugal microfluidic ‘lab-on-a-disc’ technology as a robust and versatile sample-to-

answer platform for decentralised bioanalytical applications 
 Prof.dr. Jens Ducrée, School of Physical Sciences, Dublin City University, Ireland 
 
12:05 Programmable biomimetic materials and systems for organ-on-chip devices 

Prof.dr. Pascal Jonkheijm, MESA+ Institute for Nanotechnology, University of Twente, the 
Netherlands 

 
12:30 Combining nanotechnology and crowdsourcing for rapid and accurate biomarker analysis 

Joost G. Wouters LLM, Splendo Health and Cerberus, the Netherlands 
Splendo Health competed for the prestigious Qualcomm Tricorder XPRIZE, the $10 million 
global competition to bring healthcare to the palm of your hand.  

 
13:00 Closing of RME2015 
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WORKSHOP PROGRAMME 
 
QIAGEN workshop 
 
 
Monday  20 April 2015 
Tuesday 21 April 2015 

Wanted – dead or alive 
 
 
15:45 – 16:45 
12:45 – 13:45 

 
While real-time PCR (rt-PCR) is a powerful tool for the detection of potentially harmful pathogens, its 
power is diminished by the inability of the method to discriminate between living and dead, non-
harmful cells. Viability rt-PCR uses the DNA masking compound propidium monoazide (PMA), which 
enters dead cells, intercalates into the DNA, rendering the dead cell DNA undetectable by rt-PCR. 
Viability PCR thus can be used to increase the power of rt-PCR to detect viable and potentially 
harmful bacteria in a number of settings of interest to the food industry. In this workshop, QIAGEN will 
demonstrate the applicability of viability PCR to several areas of interest in the food industry: success 
of decontamination processes, detection and control of Listeria spp. in dairy manufacture, 
differentiation of live/dead organisms in poultry husbandry. 
 
 
 
SCIENION workshop 
 
Monday  20 April 2015  
Tuesday 21 April 2015 

Multiplexed test production 
 
15:45 – 16:45 
12:45 – 13:45 
 

 

 

SCIENION is a leading supplier of quality instrumentation and services for low volume liquid handling. 
Proprietary technologies include piezo electric dispensing, surface modifications and microarray 
manufacturing. Based on SCIENION's core competencies in ultra-low volume liquid dispensing, assay 
miniaturisation, and microarray manufacturing, we provide our customers with an integrated product 
portfolio facilitating a number of applications: multiplex assays, DNA microarray production, biosensor 
loading, miniaturized PCR, peptide microarrays, protein microarrays, cell deposition. The workshop on 
multiplexed test production will take a broad view of the current science in diagnostic testing, 
encompassing new technologies and approaches to diagnostics with a focus on the actual test 
production. The workshop will cover basic test concepts in molecular diagnostics, assay design, 
validation, standards and QC, and an update on various platforms and equipment (how to choose the 
right arrayer in your situation) and SCIENION’s view on the future (multiplexing, automation). There 
will be an opportunity to explore innovative solutions to current test manufacturing, ranging from lateral 
flow based test-strips to multiplexed and miniaturized ELISA formats. The workshop objective is 
to discuss the practical implementation of multiplexed tests and the evaluation of field test use of these 
technologies. Time will be set aside for open discussion, debate and the formation of collaborations. 
SCIENION aims to facilitate an environment in which all involved in test manufacturing 
and diagnostics can learn from each other and share information and experiences. We look forward to 
welcoming you to this SCIENION workshop on multiplexed test production. 
 
 
 
BIODOT workshop 
 
 
 
Monday  20 April 2015  
Tuesday 21 April 2015 
 

Dispense technology and materials 
influence on lateral flow test and 
control line 
 
15:45 – 16:45 
12:45 – 13:45 

 

BioDot will demonstrate the new PBT tip and in-line de-gasser used on the XYZ range of movement 
platforms. This innovation has been produced to further ensure the quality of lines is improved 
meeting customer’s expectations when diagnostic tests are being read in the ever increasing area of 
quantification and the demanding requirements the reader has on line quality and position. In addition, 
the contact and none contact Frontline HR and Biojet HR will be demonstrated to show potential 
differences between the two dispense technologies and their impacts on different nitrocellulose 
suppliers. 
 

http://www.biodot.com/wp-content/uploads/2013/09/BioDot-Logo-Trans-260x100.png
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LOOKING FORWARD TO 
 

SEEING YOU AGAIN NEXT YEAR! 

 
 
 

         
 
 
 

RME2016 
 

AUTUMN 2016 
 

THE NETHERLANDS 



RME2015  17 
20 - 22 April 2015, the Netherlands 

LECTURES 
 
MONDAY 20 APRIL 2015 
 
PLENARY KEYNOTE LECTURES 
 
 

Human traces in the river Rhine 
 
Andreas Fath 
 
Faculty Medical and Life Sciences, Furtwangen University, Germany; andreas.fath@hs-furtwangen.de 
 
Water is used in almost every activity in our daily life and lots of industrial processes, for example, as 
solvent for chemical synthesis, for cleaning, cooling or heating. After its use we do not give back the 
borrowed water to nature in the same status we got it. To make people aware of this situation and 
demonstrate that we do not do enough for water protection we took a look on different substances on 
the whole length of the river Rhine while the author was swimming the total distance of 1,231 km from 
the Tomasee to Hoek van Holland at the North Sea. 
 
Hundreds of samples were collected to analyse in quick tests phosphates and nitrates, others were 
analysed looking at industrial chemicals, such as PFT, microorganisms, algae, heavy metals and 
pharmaceuticals. Sewage treatment plants have done a good work in the last decay to improve the 
water quality of the Rhine and other rivers but they are still not a sufficient system to get rid of all 
substances in this end of the pipe treatment. 
 
 

The use of molecular methods in food diagnostics: challenges in interpretation 
and implications of nucleic acid detection for food safety decision making 
 
Mieke Uyttendaele, S. Ceuppens and D. Li 
 
Department of Food Safety and Food Quality, Ghent University, Belgium; 
mieke.uyttendaele@ugent.be 
 
As the result of the increasing demand for rapid results, molecular techniques are applied for the 
detection of microorganisms in foodstuffs. However, interpretation problems can arise for the results 
generated by molecular methods in relation to the associated public health risk. Discrepancies 
between results obtained by molecular and conventional culture methods stem from the difference in 
target, namely nucleic acids instead of actively growing microorganisms. This presentation highlights 
in particular on how to deal with positive results generated in application of PCR and RT-PCR 
methods for detection of bacteria and viruses in foods. An overview of the potential adaptations for 
molecular assays to cope with these problems is provided, including for example the use of a prior 
enrichment step, large fragment amplification, flotation, (enzymatic) pre-treatment, various binding 
assays, etc. 
 
Identification of some drawbacks that need consideration in use of molecular methods in food 
safety microbiology. 
Due to the shortcomings of conventional culture-based methods, molecular techniques have been 
increasingly important in food microbiology over the last decades, and the number of applications and 
assays continues to rise, mainly because of the increased speed of analysis in comparison with the 
conventional methods. A considerable commercial diagnostics market has developed for the detection 
and quantification of specific microorganisms by targeting sequences of their DNA and/or RNA. 
However, nucleic acid detection techniques suffer from specific drawbacks. In brief, these are: 

 The complexity and need of resources are generally higher than those for conventional 
microbiological methods, e.g., laboratory infrastructure requirements, training of lab 
technicians, etc.   

 Inhibition of the PCR reaction by food components is a frequently encountered problem, 
although it can be monitored by internal amplification controls and circumvented by 
optimisation of the sample preparation.  
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 The limit of quantification is often rather high, in the range of 10 to 1000 bacteria/viruses per g 
or ml imposing the need for appropriate sample preparation to concentrate microorganisms 
from a complex matrix in a smaller volume amenable for RNA or DNA extraction.   

 Depending on the application, it may be a disadvantage that no isolates are obtained with 
molecular methods. Especially in the clinical and epidemiological setting, a bacterial isolate is 
required for further characterisation (e.g., determining antibiotic susceptibility), subtyping and 
source tracking (e.g., in outbreak investigations) and further research on behaviour (growth, 
survival).  

 The most important drawback is probably the detection of naked DNA and DNA from dead 
microorganisms, which can lead to difficulties in interpretation, especially in a food quality 
control situation. This has recently in particular been highlighted for viral pathogens, such as 
human noroviruses, since their infectious status cannot be evaluated by solely nucleic acid 
detection.  

 
Some specific examples of issues raised in interpretation of molecular analytical methods in 
food diagnostics  
Negative results can be obtained by molecular methods when the target microorganism(s) are present 
in forms or in microenvironments which pose difficulties for nucleic acid extraction. For example, 
bacteria present in biofilms, in the form of spores or internalised into plant materials may impair 
nucleic acid extraction and result in negative results (or severely underestimated numbers of genomic 
copies), despite the inherent sensitivity of the PCR reaction itself . Most of these issues can be 
overcome by optimisation of the sample preparation, but can pose problems when standard extraction 
protocols are used. 
 
One of the most common issues encountered in food pathogen diagnostics is the detection of positive 
PCR results in parallel with negative culture results, or for example, if concurrent in vitro culture 
confirmation is technically not possible with the molecular detection method. The detection of microbial 
nucleic acids poses difficulties in terms of interpretation, since the presence of genomic fragments is 
not necessarily correlated with viable bacteria and infectious viruses. Inconsistent results can arise for 
a number of reasons. Molecular methods are able to detect stressed, sub-lethally injured 
microorganisms or viable but non-cultivable microorganisms (VBNC), which may not be picked up by 
classical culture methods. But on the other hand, naked DNA from inactivated microorganisms may be 
present in food, water, the processing environment and even as an adventitious contaminant in 
enzymes or processing aids (e.g., if derived as products from industrial bacterial fermentations). Free 
nucleic acids are degraded in the environment and in food matrices, but short fragments can persist 
for considerable times outside their microbial host cell and picked up by PCR. 
 
Detection of a specific genotype characterised by multiple virulence genes or other genetic markers 
pose interpretation problems if the target genes also occur separately in the microbial population. 
Since nucleic acids from all microorganisms are pooled during sample preparation and extraction, it 
cannot be ascertained whether the detected genes originated from one microorganism of the targeted 
genotype or from multiple strains which contain one of those genetic signature sequences. For 
example, detection of pathogenic E. coli causing severe disease in humans targets E. coli strains 
which possess at least one verocytotoxin gene (stx1 and/or stx2).  
 
Strategies to facilitate interpretation of nucleic acid based methods  
Fortunately, various adaptations to the conventional (RT)-(q)PCR protocols have been developed to 
avoid or alleviate the detection of free nucleic acids, non-infectious viruses and dead bacteria.  

 Since free nucleic acids are prone to fragmentation, detection of intact DNA or RNA from 
viable bacteria or infectious viruses can be attempted by amplification of larger fragments 
and/or multiple fragments from different genomic regions, although the latter results in lower 
amplification efficiencies and thus lower sensitivity  

 Viable/dead stains, such as ethidium or propidium monoazide (EMA or PMA), can be applied 
prior to PCR to exclude free nucleic acids and those present in damaged bacterial cells or viral 
capsids from PCR detection, since cell membrane integrity is essential for bacterial viability 
and an intact virus capsid for virus infectivity.   

 Enzymatic pre-treatment (with DNases and/or RNases) has been applied to degrade free 
nucleic acids, as well as those present in damaged viruses, thus excluding them from 
subsequent molecular detection. Specific binding of the viruses by receptors or other binding 
ligands prior to (RT)-(q)PCR has been performed to exclude free nucleic acids and damaged 
virus particles from detection.  
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 Specific qualitative detection of viable bacteria can be achieved by implementing an 
enrichment step prior to molecular detection where, given the sample dilution factor and the 
detection limit of the PCR-based method, a positive signal is indicative of the presence of 
viable organisms. Flotation prior to PCR has also been applied to distinguish viable bacteria 
from free DNA and dead bacteria, e.g., for viable Campylobacter in chicken rinse samples 

 
Although many of the (modified) molecular methods mentioned above have shown great potential to 
diminish positive results arising from free nucleic acids, non-infectious virus particles and/or dead 
bacteria, strict differentiations and allocation of PCR results to detection of viable cells have not 
generally been achieved. Case-specific solutions should be tailored to the context of PCR application 
to ensure optimal performance of molecular methods and correct interpretation of the generated 
positive (or negative) PCR results in framework of public health and food safety decision making.  
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From Gram staining to genome sequencing – how will the past shape the 
future? 
 
Adrianne Klijn 
 
Nestlé Research Centre, Switzerland; adrianne.klijn@rdls.nestle.com 
 
Microbiology has strong roots in the past; tools that were developed by pioneers, such as Pasteur, are 
still being used today. Equally, a number of principles used for the isolation and classification of micro-
organisms that form the basis of today’s reference methods originate from these pioneers. However, 
there have been important technical innovations; antibody-based technology, such as ELISA, and 
molecular-based technology, such as PCR. 
 
These molecular methods are not only used for the detection and enumeration of micro-organisms. 
They can replace the traditional method for Salmonella serotyping, for which it is becoming more and 
more difficult to source the full range of anti-sera. The field of molecular methods continues to evolve 
with technologies such as digital PCR and loop mediated isothermal amplification (LAMP) coming on 
the market. Another relatively recent addition is whole genome sequencing used in epidemiology for 
outbreak detection and source investigation. A more futuristic approach that is being explored is using 
untargeted analysis (meta or big data) to detect changes from the norm.  
 
There are still considerable hurdles when implementing these new molecular tools. Therefore, it 
remains to be seen how they will shape the future, but what is clear is that these technologies will 
change the landscape. Following scientific evaluation and acceptance, a change in legislation may be 
required before implementation. Bearing in mind that detection on a genetic level alone is not sufficient 
and the microbiology principles from the past will still be needed.  
 
 

Advancing analytical microbiology in the dairy industry  
 
J. Geng, G. Gobert, A. Galat and Mickaël Boyer 
 
Danone Nutricia Research, France; mickael.boyer@danone.com 
 
A key quality requirement in dairy industry is that lactic acid bacteria (LAB) and probiotics used in 
yogurt and fermented milks are alive through all the shelf life of the product. Some bacterial species 
considered as health promoting bacteria are also used in fermented milk products and are expected to 
exert positive effects in gastrointestinal tract after product ingestion. Health promoting bacteria have 
beneficial effects in the live and/or dead state; it is therefore important to be able to discriminate viable 
cells from dead cells in stool samples after passing through the digestive tract. Some analytical 
standardised methods are available to qualify these beneficial bacteria but generally rely on culture-
dependent methods that do not take account viable but not cultivable cells and usually show poor 
discriminatory power to enumerate specifically each LAB/probiotic present in fermented dairy foods or 
in stools. This challenge can be faced with new culture-based method based on chromogenic agar 
media as well as alternative methods based on molecular biology (PCR) and flow cytometry that can 
offer new analytical solutions to dairy microbiology. 
 
A culture-based method combining novel chromogenic agar media and appropriate incubation 
conditions was developed to enumerate LAB strains in fermented milk. Concerning molecular 
analytical tools, a viability PCR (v-PCR) approach, a new kind of PCR, is developed using propidium 
monoazide (PMA) that penetrates into dead bacteria and covalently cross linked with free DNA. This 
PMA treatment, in combination with qPCR approach, enables specific quantification only on viable 
Bifidobacterium lactis in dairy product and in stools samples after product consumption. In the other 
method, a polyclonal antibody against B. lactis was used with a viability probe for the real-time 
quantification of viable B. lactis by flow cytometry in fermented milk products. v-qPCR and flow 
cytometry procedures have been optimised according to the strain and matrix to get the best analytical 
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performances in strain viability evaluation and show promising perspectives for the future of dairy 
microbiology. 
 

 
Rapid methods in the micro world of beer: implementation of a rapid method in 
a quality analysis system based on a user-friendly validated platform 
 
Petra Zeegers 
 
Heineken Supply Chain, the Netherlands; petra.zeegers@heineken.com 
 
Beer spoilers and contamination  
Beer is not a friendly environment for growth of microorganisms. Few nutrients and sugars remain 
after the yeast fermentation, the pH is relatively low (3.9-4.6), the levels of CO2 are very high (typically 
5 g/l) and O2 is almost absent. Moreover, few microorganisms can survive in an environment 
containing high levels of alcohol (typically 5% for pilsner beer) or in the presence of hop components 
that have antibacterial effects. Most Gram-positive bacteria are sensitive to hop constituents and do 
not grow in beer. Important exceptions are hop-resistant species of Lactobacillus and Pediococcus. 
These microbes can produce off-flavour compounds, such as lactic acid and diacetyl. Secondary 
contamination by beer spoiling microorganisms can occur during the filling operations. This is 
especially dangerous in hygienic filling operations (e.g., kegs, PET containers and sometimes glass 
bottles and cans). The extremely low levels of oxygen in packaged beer has enabled the emergence 
of the beer spoiling anaerobic Gram-negative bacterial species Pectinatus and Megasphaera, which 
were not detected in breweries before 1970.  These microorganisms are of concern because they can 
produce particularly unpleasant sulfidic off-flavours. In addition, they are difficult to detect using 
traditional brewing plating techniques 
 
Traditional microbiological methods 
A typical brewery microbiology control plan summarises what samples must be taken and defines the 
frequency and time of sampling and what volumes must be analysed on the test media. However, 
there is no single medium that can detect all beer spoiling species (e.g., Gram-negative anaerobic 
bacteria cannot be detected in this manner), it takes time (up to 7 days) to develop colonies on agar 
media and these methods do not identify or give information about the beer spoiling potential. For 
these reasons it is of interest to develop and implement rapid microbiological methods. 
 
Rapid microbiological platform 
There are various existing fast detection method for food and beverage contaminants that could be 
adapted for detecting beer spoiling microbes. Heineken has chosen to implement a DNA-based 
method: real-time PCR. The platform used is called GeneDisc and is provided by Pall Corporation 
(Port Washington, NY, USA). This platform has been chosen because its user friendliness, ease of 
implementation and its low investment cost.  In this system, 6 samples can be loaded into a disc.  
Each sample is then distributed across 6 wells and simultaneously analysed by PCR for different 
target beer spoiling bacteria and indicator species.  
 
Table. Bacterial species detected by PCR with the beer spoiler GeneDisc plate. 

Well number FAM fluorescence dye detection ROX fluorescence dye detection 

1 L. collinoides and L. paracollinoides Inhibition control 
2 L. backii  
3 L. brevis Pectinatus spp. 
4 L. lindneri  
5 Pediococcus spp. Megasphaera spp. 
6 Lactobacillus group1  

1L. casei, L. paracasei, L. coryniformis, L. rossiae, L. parabuchneri (=frigidus), L. perolens and L. plantarum 

 
This PCR platform was first validated by Heineken research group. Software, hardware, test 
conditions and settings were adjusted. A lab scale feasibility study was performed to establish 
specificity, limits of detection, reproducibility and robustness. A pilot trial was then performed in one 
brewery for six months followed by a final round of hardware and software adjustments. Finally, full 
scale trails were performed in 4 breweries (Poland, UK, Mexico, and Austria) for 3 months. Currently, 
PCR is used in multiple breweries to control bright beer and packaged product. The sample is 
enriched and incubated at 30°C. This enables the enrichment phase to be reduced from 11 to 4 days. 
This protocol was developed to simultaneously detect and identify all known beer spoiling bacteria, 
including the strictly anaerobic species Pectinatus and Megasphaera, which that are not detectable by 
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traditional plating methods. The benefits of the method are: (i) quarantine time for hygienically filled 
product can be reduced, (ii) product performance in the market can be predicted, (iii) rapid tracking 
and tracing of infection in the brewery is enabled and (iv) early detection is facilitated, enabling timely 
intervention to prevent serious incidents. In this case the key steps in getting a new method accepted 
and incorporated can be summarised as follows: 

 choose a platform that meets the desired criteria (investment cost, cost per test, user 
frienliness, ease of interpretation, simplicity, etc.); 

 Adapt this platform to the specific needs of Heineken (target microbes and enrichment 
method); 

 perform a laboratory scale evaluation and comparison with the standard method and follow the 
ISO norm for comparison of new methods; 

 perform a pilot scale feasability study in one brewery followed by a critical evaluation of the 
outcome; 

 perform full scale brewery trials with agreed success criteria; 

 evaluate the outcome and conclude the business case; 

 establish new standards (analytical method and norms) and incorporate the method into the 
sample and control plan; 

 roll out as an approved standard for analysis of packaged product and communicate this to the 
breweries; 

 rationalise the sample and control plan; and 

 define how to respond to microbiological failures, including RCI and CAPA activities. 
 
Incorporating a new method into the sample and control plan 
Developing and optimising a rapid detection method is one step, but getting brewery acceptance and 
incorporating it into the sample and control plan and into the product release plan presents additional 
challenges. Making predictions about the spoilage risk of a product by using DNA-based techniques 
requires a dramatic shift in mental attitude from the brewery management. Breweries that have 
successfully adopted this methodology are powerful champions for the new method. At Heineken, the 
rapid microbiological detection test developed has been incorporated in the sample and control plan 
for hygienically packaged products. As a result, some traditional plating tests could be eliminated. The 
next phase will be incorporating the rapid microbiological method for the analysis of fermentation, 
lagering and yeast storage samples. This will lead to further rationalisation of the sample and control 
plan. 
 
 

Applications of microfluidics in waterborne pathogen monitoring 
 
Helen Bridle 
 
Institute of Biological Chemistry, Biophysics and Bioengineering, Heriot-Watt University, UK; 
h.l.bridle@hw.ac.uk 
 
Monitoring for the presence of pathogens allows us to ensure the day to day safety of our drinking 
water but also helps in the research and development of new treatment technologies and in 
understanding the spread of these pathogens in the environment and evaluating methods to reduce 
their impact. Existing methods comprise many different steps, from sample collection through 
concentration and isolation of particular pathogens of interest to final detection. The methods are time-
consuming, manpower intensive and lack sufficient information on pathogen infectivity (e.g., is it alive? 
Is it a species which causes human disease?) for rapid, appropriate public health responses. 
 
The Bridle group tackles all stages of waterborne pathogen detection, aiming to improve both the 
sample processing and the detection stages. We have studied the interaction of pathogens with 
polymer materials which has resulted in a patent and collaboration with industrial partners to develop 
this work. The ‘non-stick’ polymers that were identified have been applied to the existing filter set-up 
and resulted in an improvement of the recovery rate to 49% from 29% in the control case. 
 
As an alternative to filtration and centrifugation methods of sample processing we are investigating 
different microfluidic approaches. The presentation will cover some of our studies on passive 
microfluidic separation techniques, the latest and largest scale of which of which is successfully 
operating at 1 l/min. Alternative active methods of microfluidic separation utilise electrical and acoustic 
forces to drive species based and viability based separations. We have also recently collaborated on 
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work to utilise impedance cytometry for single pathogen studies in a microfluidic device, enabling 
species and viability discrimination. 
 
Finally, we have worked on a microfluidic based early-warning system using ATP as a marker of 
bacterial contamination. The aim is to create an online system capable of continuously sampling water 
quality and for the device to be validated on real-samples across Europe through the EU Aquavalens 
project (www.aquavalens.org). 
 
 
 
 

http://www.aquavalens.org/
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Horizon 2020 – Food Scanner 
 
Gerald Cultot 
 
Health and Wellbeing, DG Connect, European Commission, Brussels, Belgium; 
gerald.cultot@ec.europa.eu 
 
The European Commission is ready to offer a prize of €1 million to the person or team that will 
develop an affordable and non-invasive mobile solution that will enable users to measure and analyse 
their food intake. This Horizon Prize, the Food Scanner, leaves applicants total freedom to come up 
with the most promising and effective solution that will unlock the food scanning market with solutions 
supporting citizens in adopting a more active and healthier lifestyle while improving the quality of their 
health condition. 
 
The winner(s) will need to provide at least a prototype that will enable the citizens to precisely, timely 
and efficiently assess their food intake, benefiting a wide range of the EU population from healthy 
citizens to citizens suffering from food disorders, intolerance, obesity or allergies. The solution should 
allow the capture of food information in a seamless way, including detection of calories, nutrition facts, 
allergens, or harmful ingredients as non-invasively as possible. Beyond the technological complexity 
of analysing food composition, the solution should ideally also include functionalities that provide 
feedback to the user. 
 
The purpose of this presentation is to raise awareness about this Horizon Prize and respond to 
potential participants questions. 
 
 

Defining the choice of an alternative microbiological method in the food 
industry 
 
Cécile Vadier 
 
Barry Callebaut France, France; cecile_vadier@barry-callebaut.com 
 
An important disadvantage of microbiological methods compared to physico-chemical analysis is time 
to result, as more and more pathogen analysis are on a positive release. For this reason, alternative 
methods take a more and more important part of the market balancing reference methods. But if time 
to result is one of the highest choice parameters, other parameters must not be underestimated to 
take the best choice. Laboratory capacity and volume of daily routine analysis are to be known and 
taken into account. An alternative method is rarely the opportunity to increase the analysis volume as 
this parameter is mainly defined by the incubation volume. Depending on the laboratory layout, 
incubators cannot always be added. Sample pooling is sometimes possible/proposed for qualitative 
methods, but only allowed if LOD permits and under validation. The interest is only in case of a high 
rate of negative results: samples will be re-analysed individually in case of a positive result in a pool. 
Food matrices may importantly interfere with the reliability of the results. Some methods have 
obtained many official validations, but are known to give false negative results in a matrix family. 
Cocoa is an example as its dark colour may influence the distinction of colonies (for example, red 
colonies on dark brown agar) and may inhibit PCR reactions in some molecular biological methods. 
Whatever the choice, Pasteurian methods’ knowledge remains to be a must have. The operators’ 
technicity, basics regarding GLP and bacteria identification/differentiation on biochemical/serological 
characters is still needed for the reliability of the manipulations and are mandatory when a positive 
happens (confirmation on Petri dishes still needs to be done). For this reason (and according to quality 
assurance of analysis) regular manipulations of strains and positive samples are important to keep 
people trained regarding biochemical and serological identification. 
 
Official validation is non-negotiable. ISO 16140 (or any international accepted similar validation 
protocol) is a must have, as this is regulatory binding in Commission Regulation (EC) No 2073/2005 
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Article 5 ‘Specific rules for testing and sampling’. Note that ISO 16140 will be updated and a 
verification of validated methods will also have to be done to take all local parameters into account 
(technicians, instruments, media, matrices, etc.). Validation and verification need also to be provided 
to the food customers. Some of them already have a list of their own approved/disapproved methods, 
according to their matrices’ difficulties. All the data concerning official validation and internal 
verification may be required by the customer. 
 
According to the volume of routine analysis, the choice of internalisation vs. externalisation must be 
done. For a low number of analyses, even if the laboratory has the availability in term of manipulation 
time, incubation and layout, the quality assurance is heavy. Cross-contamination hazards linked to 
strain manipulation, control of media, method validation, positive controls, and external proficiency 
schemes may be too high and require sometimes more time and costs than routine analyses 
themselves. Area/region will also lead the choice of suppliers according to their presence in the 
laboratory area. This will be important for method implementation, laboratory technician training, 
consumables deliveries and maintenance delay of reaction. Because of the different time to result, 
many laboratories cannot afford to go back to reference methods in case of instrument breakdown or 
disruption of consumable deliveries. Cost and time to result are key drivers. Cost should not be 
considered solely for the laboratory, compared to the reference method, but also for the gain of 
time/cost for the whole food production. A collaborative decision must be taken so that it is applicable 
locally in each laboratory whatever the area, layout, and other constraints. Investment, training cost 
and an eventual adaptation of layout must also not be forgotten. A supplier back-up must be 
anticipated: consumables unavailability, end of method life, supplier bought/sold/closed, instruments 
service stopped, quality of service decreased, official validations updates, evolution of costs, etc. 
These factors may happen quicker than thought, and are often not anticipated. For this reason, it is 
advised to validate two or more methods to decrease the delay of reaction. 
 
The alternative methods market is constantly in progress. Many suppliers are working to decrease 
costs, time to result, manipulation time, reliability, adaptation to difficult matrices, official validation 
evolutions, etc. t is then necessary to constantly keep an eye on new  and existing methods’ updates 
to optimise one of these factors according to the needs and priorities. Cost is not the single factor and 
consensus must be reached between deciders after studying carefully all the data above. Each party 
concerned should be listened to. Even if it sounds simple, it might be a complicated process to reach 
the correct decision. 
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PARALLEL SESSION 1: ADVANCES IN MICROBIAL ANALYSIS – FOCUS ON VIRUSES AND 
PARASITES 
 
 

Advances in rapid methods for enteric virus detection in food 
 
Gloria Sánchez1,2 

 

1Department of Microbiology and Ecology, University of Valencia and 2Department of Biotechnology, 
Institute of Agrochemistry and Food Technology (IATA-CSIC), Spain; gloriasanchez@iata.csic.es 
 
Enteric viruses are those human viruses that are primarily transmitted by the faecal-oral route, either 
by person-to-person contact or by ingestion of contaminated food or water, although they may also be 
shed in vomitus. Foods may be contaminated by viruses during all stages of the food supply chain, 
and transmission can occur by consumption of food contaminated during the production process 
(primary production, or during further processing), or contaminated by infected food handlers.  
 
The importance of viral foodborne diseases is increasingly being recognized, and several international 
organizations have found that there is an upward trend in their incidence. Data on viral foodborne 
diseases are still fragmented, and epidemiological studies have focused either on particular countries 
or on particular pathogens. In the last decade, epidemiological reports indicate that enteric viruses, in 
particular noroviruses (NoV), which cause acute gastroenteritis, but also hepatitis A virus (HAV), are 
the leading cause of foodborne illness in industrialized countries. Because of this increasing number of 
enteric virus outbreaks, it has become even more important to have reliable and widely applicable 
techniques for the detection and quantification of viruses in food samples. Moreover, since the 
infectious dose of enteric viruses is very low (10 to 100 viral particles) sensitive methods are therefore 
needed when screening food products for viral pathogens. So far, the current ‘gold standard’ for 
detection of enteric viruses is quantitative reverse transcription PCR (RT-qPCR) but this method 
cannot discriminate between infectious and inactivated viruses. The relationship between the number 
of infectious viruses and the number of genome copies detected by RT-qPCR is not a constant, mainly 
in food samples, since this ratio may vary depending on environmental conditions. Several different 
approaches to assess virus infectivity using PCR have been evaluated. The detection of the whole or 
specific region of a viral genome may indicate that the virus capsid is protecting the genome from 
degradation, hence measuring infectivity. Another alternative strategy to increase the likelihood of 
detecting intact and potentially infectious viruses is to pre-treat them with nucleases and/or proteolytic 
enzymes prior to nucleic acid extraction, thereby eliminating the detection of free nucleic acids or 
nucleic acids associated with damaged or inactivated viruses.  
 
A promising new strategy to assess viral infectivity relies on the use of nucleic acid intercalating dyes, 
or viability dyes, such as ethidium monoazide (EMA) or propidium monoazide (PMA) as a sample pre-
treatment before applying molecular techniques. Theoretically, these compounds cannot penetrate 
intact capsids but are able to penetrate damaged or destroyed capsids. Once penetrated, the dye 
intercalates covalently into RNA after exposure to strong visible light, interfering with PCR 
amplification. Until now, viability dyes combined with RT-qPCR have successfully been applied to 
virus suspensions in order to discriminate between infectious and inactivated viruses. However, the 
effectiveness of viability dyes to discriminate between infectious and inactivated viruses in food 
samples has scarcely been explored. 
 
 

Waterborne viruses: affinity-based system for detection and removal  
 
Ibtisam E. Tothill1, Z. Altintas1, J. Pocock1, and K.-A.Thompson2  
 

1Cranfield University and 2Public Health England, UK; i.tothill@cranfield.ac.uk 
 
Millions of people across the world lack access to safe drinking water, which accounts for about 13% 
of the global population resulting in fatalities due to waterborne diseases. Therefore, increasing 
access to safe, sanitary drinking water can significantly reduce deaths and enhance global public 
health. It is known that current water purification methods are not always effective at completely
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removing pathogenic viruses from drinking water. Common disinfection techniques used for water 
purification include the use of chemical oxidants (chlorination), UV irradiation and thermal treatment. 
The susceptibility of many waterborne viruses to inactivation is relatively unknown because of the 
inability to culture these viruses. Also viruses are very small, highly resistant to acidic conditions, high 
temperatures, disinfectants and pressure; hence, novel technologies are required to be developed in 
order to overcome this problem.  
 
Viruses have diverse mechanisms of action and consist of a virion (10-100 nm) containing DNA or 
RNA genome encapsulated in a protein coat, they require a host organism to reproduce and many are 
pathogenic. The enterically transmitted viruses hepatitis A, hepatitis E, norovirus and rotovirus are the 
major causes of waterborne diseases in humans. These viruses are infectious in low doses (generally 
only a few virion particles are required for infection), stable in the environment for extended periods of 
time and difficult to study. Viruses detection in water requires specialised analytical methods and 
experienced personnel. This combined with the detection limits of the analytical techniques used are 
insufficient for researchers to conclude that a sample is completely free of viruses. No known 
diagnostic test offers complete assurance that a sample is 100% free of viruses. Most commonly 
available techniques for virus detection include enzyme-linked immunosorbent assay (ELISA), 
polymerase chain reaction (PCR) and reverse transcription polymerase chain reaction (RT-PCR). 
Each of the above technique has its own limitations, but rapid detection methods based on biosensors 
can provide the best opportunity since they are easy to use, cost-effective, sensitive and generally 
real-time detection methods. Therefore, the work presented here look at the development of affinity 
materials for the detection and removal of waterborne viruses from drinking water.  
 
Molecularly imprinted polymers (MIPs) as artificial receptor ligands were specifically synthesised to 
bind target viruses. MIPs are more resistant to chemical and biological damage and inactivation than 
labile antibodies and therefore can complement antibodies where stability is paramount in specific 
applications, such as water purification systems. In this work, MIP-based affinity polymers for the 
detection of the bacteriophage MS2 (a surrogate for waterborne viruses), and adenovirus were 
investigated. Both viruses were grown using culturing methods, purified, visualised by electron 
microscopy, quantified and then used as the template for MIPs production. MIP-nanoparticles were 
produced using solid-phase synthesis developed at Cranfield University and the production was 
performed in water through a novel automated method. The produced nanoparticle MIPs were then 
collected and characterised for their physical and chemical properties. The particles size for the 
nanoparticles was found to be around 200 nm. For affinity-based virus capture assay, an SPR-based 
sensor platform was employed and MIP-nanoparticles were immobilised onto the sensor surface using 
amine coupling chemistry after self assembled monolayer (SAM) formation on bare-gold sensor chips. 
The viruses samples were then introduced to the MIP functionalised SPR sensor. A gradual increase 
in the sensor signal was recorded depending on the increase in virus concentration in the sample.  
The application of this work was extended to the separation of pathogenic waterborne viruses from 
water, aiding in the significant reduction of their harmful impact on the human population. The work 
was compared to antibody use as the affinity binding materials.   
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Innovative technologies to detect viruses in food and environmental matrices  
 
Jennifer Gentry-Shields 
 
Department of Food, Bioprocessing and Nutrition Sciences, NC State University, USA; 
jen_shields@ncsu.edu 
 
Despite recent advances, human noroviruses cannot currently be grown in cell culture. Therefore, 
diagnostic methods focus on detecting viral RNA or antigen, such as RT-qPCR, conventional RT-
PCR, and enzyme immunoassays (EIAs). RT-qPCR is the preferred laboratory method for detecting 
norovirus. Although RT-qPCR is a powerful tool for human norovirus (HuNoV) detection, low virus
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concentrations in potentially large sample volumes necessitate the use of inefficient sample 
processing step(s) prior to detection. Process control viruses (PCVs) are used to monitor the efficiency 
of these virus concentration steps. However, at present, there are no published studies evaluating 
potential PCVs for their similarity to HuNoV during processing; yet proven controls are imperative for 
enhancing the detection and accurate quantitation of HuNoV from complex sample matrices. Our 
laboratory compared five PCVs (Mengovirus (Mengo), murine norovirus (MNV), MS2 coliphage, 
Tulane virus, and turnip crinkle virus (TCV)) to two HuNoV strains for recovery during the steps of 
elution, polyethylene glycol precipitation (PEG), and RNA extraction from select foods (lettuce and 
sliced deli ham). Results demonstrate high recovery efficiencies of HuNoV GI.6 and GII.4 using the 
methods described in this study: combined (sequential) losses during processing from sliced deli ham 
and lettuce were <1 log10 genome equivalent copies (GEC). When considering the processing steps 
separately, HuNoV loss was negligible after elution, and low after PEG precipitation (mean 0.5 log10 
GEC) and RNA extraction (mean 0.1 log10 GEC). The virus that least mimicked the behaviour of 
HuNoV during sample processing was MNV. Of the viruses tested, a commercial mengovirus strain 
gave recovery efficiencies closest to HuNoV, showing combined losses from sliced deli ham and 
lettuce of <1 log10 GEC and ~1 log10 GEC, respectively. All PCVs do not behave equivalently and 
validation of their performance is recommended before their routine use on an application-by-
application basis. 
 
 

Detection of parasites in the food chain: why and how? 
 
Joke van der Giessen 
 
National Reference Laboratory for Foodborne Parasites, National Institute for Public Health and the 
Environment (RIVM); the Netherlands; joke.van.der.giessen@rivm.nl 
 
Foodborne parasites can be transmitted by the consumption of raw or undercooked meat or offal of 
consumption animals that have been intrinsically infected with larvae or encysted stages of parasites. 
A typical example is trichinellosis, a disease caused by a Trichinella species (spp.) that is exclusively 
foodborne in origin. Another transmission route is by the ingestion of fresh or processed foods that 
have been contaminated with (oo) cyst, larvae or eggs shed by animal or human hosts shed in the 
environment such as soil or water. Foodborne parasitic diseases present some unique challenges and 
are often referred to as neglected diseases because most parasitic diseases are characterised by the 
often prolonged incubation periods, sub-clinical nature and unrecognised, chronic sequella. In 
addition, most foodborne parasitic diseases are not notifiable and, therefore, underreporting hampers 
the true prevalence/incidence of parasitic diseases that occurs. In the Netherlands, the disease 
burden of toxoplasmosis showed the highest ranking with an estimated 3620 DALYs of twelve 
foodborne parasites studied. Also on the global scale, the WHO Foodborne Disease Epidemiology 
Reference Group (FERG) assessed the disease burden of some parasitic diseases, such as human 
foodborne trematodiasis, and estimated that 56.2 million people were infected by foodborne 
trematodes, of which 7.8 million suffered from severe sequelae and 7,158 died worldwide.  
 
Drivers of emergence for foodborne parasitic diseases are changes in human behaviour, 
demographics, environment, climate, land use and trade, globalisation of food trade which offers new 
opportunities for dissemination and variations in food preferences and consumption patterns, such as 
the expected global increase of meat consumption in countries over the next 20 years, the rising 
tendency to eat meat, fish, or seafood raw, undercooked, smoked, pickled or dried, or the demand for 
exotic foods such as bush meat or wild game. These factors of emergence together with the high 
disease burden of some of those foodborne parasites triggered national and international 
organisations to pay more attention to the control of foodborne parasites. Options for control of the 
classical foodborne parasites that can cause human and zoonotic diseases have been addressed 
collaboratively by FAO, WHO and the World Organization for Animal Health (OIE) and extensive 
guidelines for the surveillance, management, prevention, and control of cysticercosis and trichinellosis 
in animals and meat has been developed. In addition, EU directives exist for decades to control 
Trichinella spiralis in slaughter animals.  However, more multidisciplinary collaboration is needed to 
control parasites at all stages of the food production chain to protect public health and minimise 
production and economic losses caused by foodborne parasites. To prioritise which foodborne 
parasites have the most impact for public health, and thus should have the focus for risk based 
programme development, a global ranking of 24 foodborne parasites was made in 2012 and a list of 
parasites and food products.  Such a list is of importance for global trade but might not reflect regional
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occurrence of parasites and therefore it as advised to develop also regional priority plans.  For 
instance, Taenia solium was ranked first on a global scale, but is absent in the Dutch pig production 
chain.   
 
The identification, prevention and control of foodborne parasites are linked with complex life cycle of 
each parasite. Parasites differ from many bacterial food borne pathogens in that they do not replicate 
outside the host. Routine diagnostics for parasitic infections are still often based on very classical 
methods often morphological identification and it require highly qualified personnel and time to 
recognise foodborne parasites. For instance, the control of Trichinella spp. in the food chain is still 
based on the artificial digestion of pooled samples of individual tested slaughter animals. Still 
sophisticated diagnostic tools to detect and identify parasites in the entire food chain, including human 
patients, food products, farm animals and environment is scarcely developed. PCR-based 
methodologies have been successfully used for a few food-borne parasites over the last several years 
for clinical, environmental and even food surveys and may provide considerable advances in detection 
sensitivity, specificity and ease of analysis. However, PCR methods still depend on our ability to 
isolate and concentrate the parasites from the sample matrix and prepare a suitable DNA template 
free of matrix-derived substances that may inhibit PCR. Classical concentration methods for parasites 
are often based on sedimentation or flotation and greatly depend on the difference in densities of 
eggs, oocysts, sporocysts, or cysts and larvae compared to non-specific components of the matrix. 
Difficulties to detect foodborne parasites are often caused by the heterogeneous distribution of 
parasites in animals or food products to be tested. Technologies utilising antibodies or 
oligonucleotides, which are coupled to magnetic beads for the specific isolation of parasitic DNA are 
being developed and will open new doors to detect food-borne parasites. In addition, other new 
innovative techniques, such as whole genome or next generation sequencing, could also be of interest 
for to identification and tracking of foodborne parasites and could help to develop the risk-based 
control approaches of foodborne parasites in the future.   
 
 

Detection of Toxoplasma gondii in meat using magnetic capture and qPCR 
 
Marieke Opsteegh 

 

Centre for Infectious Disease Control, National Institute for Public Health and the Environment (RIVM), 
the Netherlands; marieke.opsteegh@rivm.nl  
 
Toxoplasma gondii is considered the most prevalent zoonotic parasite globally and in the Netherlands, 
T. gondii causes the highest disease burden out of 14 foodborne pathogens. Consumption of raw or 
undercooked meat is an important source of T. gondii infection in humans. The development of 
effective prevention strategies is hampered by a lack of quantitative information on the contamination 
of different types of meat. Bioassay in either cats or mice is the standard method for detection of T. 
gondii in meat. These bioassays are laborious and time-consuming techniques, which are not 
desirable for screening large numbers of samples from an animal ethics point of view. PCR-based 
methods usually lack sensitivity due to the small sample used for DNA isolation and PCR inhibition by 
host DNA. To overcome these limitations, we developed a PCR-based method that involved 
preparation of a crude DNA extract from hundred gram samples of meat, followed by sequence-based 
magnetic capture of T. gondii DNA and quantitative real-time PCR targeting the T. gondii 529-bp 
repeat element. The detection limit of this assay was estimated at 230 tachyzoites per 100 g of meat 
sample. The number of parasites added to the samples had a linear relation with the Cp-value. 
Results obtained with the PCR method were comparable to bioassay results for experimentally 
infected pigs, and to serological findings for sheep. In addition, for fifty percent of the positive sheep 
samples T. gondii could be genotyped by sequencing of the GRA6 gene, after isolation using a similar 
magnetic capture method. The developed method can be used as an alternative to bioassay for 
detection and genotyping of T. gondii, and to quantify the organism in meat samples of various 
sources. 
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Sensor detection of parasite eggs and (oo)cysts – possibilities and challenges 
 
Heidi L. Enemark 
 
National Veterinary Institute, Technical University of Denmark, Denmark; enhi@vet.dtu.dk  
 
To secure the safety and quality of food and water presence of pathogens, including parasites, must 
be controlled. This relies among other things on implementation of sensitive and specific tests that are 
able to rule out the occurrence of parasites. Worldwide, environmentally resistant oocysts and cysts 
((oo-) cysts) of the protozoan genera Cryptosporidium and Giardia are major causes of waterborne 
outbreaks of diarrhoea. Methods for routine recovery and detection of waterborne Giardia and/or 
Cryptosporidium include filtration, immunomagnetic separation and detection by microscopy of 
immunofluorescence stained (oo-)cysts. These methods have low recovery rates, are time consuming, 
costly, and require well equipped laboratory facilities. Likewise, microscopy is the universal diagnostic 
method for detection of helminth eggs and protozoa in food and feed despite low sensitivity, difficulties 
to maintain quality control and common misdiagnosis. Novel optical techniques for high-resolution 
imaging and image transfer over data networks may offer solutions to these problems. 
 
This presentation focus on results and experiences obtained from use of the FluidScopeTM technology 
for online, real-time sensor detection of Cryptosporidium and Giardia in drinking water. This novel 
optical technique, in combination with advanced data analysis, yields a measure for the protozoal 
content present in a sample. High sensitivity of the system is acquired through a combination of a 
new, patented filtration system and ultrasound to obtain high recovery rates of apparently undamaged 
protozoa: 84.9% (standard deviation (±) 4.8) for Giardia cysts and 70% (± 6.5) for Cryptosporidium 
oocysts. Ultrasound in the current system is tuned into a useful tool for enhanced elution of filtered 
(oo-)cysts. The combined use of a metallic filter, sonication and ‘air backwash’ are key factors in the 
creation of this highly efficient and robust system that can be used continuously for extended time with 
minimal maintenance requirements. Sample acquisition and analysis is performed in real-time where 
objects in suspension are differentiated into, e.g., Cryptosporidium spp., Giardia spp., organic and 
inorganic subgroups. Subsequently, (oo-)cysts passing through the system are collected on a filter 
and may be used for further molecular characterisation. The detection system is a compact, low 
power, reagentless device and thus ideal for applications where relatively long service intervals and 
remote operations are desired. The applications envisioned for this environmentally friendly system 
includes early warning of source water contamination, e.g., water plants/water distribution networks, 
filtration systems (water purification), commercial buildings, swimming pools, and industry in general.  
 
Development of highly specific algorithms for detection of Cryptosporidium and Giardia pose some 
challenges that will be discussed. For comparison, newly developed, vision based systems for 
detection of helminth eggs in clinical samples and liquid suspensions will also be presented. These 
techniques, although not yet commercially available, offer promising options for future detection of 
parasites in food, feed and water even if further development is still needed before they can be used 
routinely. 
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PARALLEL SESSION 2: ADVANCES IN CONTAMINANT ANALYSIS 
 
 

Near-infrared spectroscopy: a tool for untargeted detection of contaminants 
taking advantage of sample heterogeneity 
 
Vincent Baeten, J.A. Fernández Pierna, Ph. Vermeulen and P. Dardenne  
 
Quality of Agricultural Products Department, Walloon Agricultural Research Centre (CRA-W), Belgium; 
v.baeten@cra.wallonie.be   
 
The success of near-infrared spectroscopy (NIRS) has mainly originated from its easy implementation 
procedure, its capacity to simultaneously determine several parameters and the fact it allows 
implementing rapid/instantaneous analytical solutions. For the food and feed sectors, this means 
analytical answers in short and real-time; but also several analytical answers provided from a unique 
analysis. The rapid determination of valuable constituents and parameters is essential for the analysis 
of raw materials, intermediate and end products.  
 
NIRS has also to find its right place in the panoply of techniques available for the detection of 
contaminants. Using the adequate NIRS technology and strategy, it is possible to take advantage of 
the heterogeneity of the sample for the efficient detection of contaminants. In situ analysis using NIR 
microscope or NIR hyperspectral imaging instruments seems an elegant solution to tackle 
appropriately the challenge to detect and quantify different kinds of contaminants in food and feed 
products. Such hyphenated techniques combining vibrational spectroscopy devices with specific tools, 
such as microscopy or imaging, allow adding the spatial dimension to the analysis. Using such 
instruments, up to several thousand of spectra per sample can be simultaneously collected, which are 
gathered in order to generate a hypercube that includes the wavelengths, the absorbance values and 
the spatial information.  
 
Different examples will be presented to demonstrate that the right NIRS sampling procedure allows 
detecting plant contaminants at low level, the use of one single analysis is adequate for the 
simultaneous detection of several contaminants and the technique provide possibilities for untargeted 
on-line detection of the unexpected.  
 
 

Next generation sequencing in food authentication and safety: the future is 
happening now 
 
Sandra Chaves 
 
Biopremier SA, Portugal; schaves@biopremier.com 
 
Nowadays, food authentication and food safety are main concerns both for manufacturers and 
consumers. Important occurrences, such as the horse meet scandal or the E. coli 0154:H4 outbreak, 
are just examples that highlight the importance and impact of these issues.  
 
According to the European Commission, food ingredients have to be declared. In case of seafood, the 
specification of the species included have to be disclosed on the label. Moreover the species 
authenticity can be highly relevant either to manufacturers, distributors and consumers for economic, 
legal, medical and religious reasons. The perspective to know exactly what is in complex food and 
feed samples always have been a highly pursued aim. On the other hand, consumers are making a 
huge pressure to get access to food products that are proven to be safe, both in microbial and content 
traits. All this aspects are particularly important when referring to highly processed food, that were 
prepared using strong physical and chemical procedures (e.g. canned food). 
 
In this context, the use of DNA-based methodologies in food analysis have become a powerful tool for 
food analysis. Most of them are amplification based and usually target one or a few organisms. They 
require the knowledge about which organism that has to be search and is limited to restricted number 
of targets. Thus, these DNA-based approaches were greatly improved by the recent application of 
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next generation sequencing (NGS) techniques. NGS allows the detection of thousands of organisms 
with no requests for previous knowledge about the targets to search. However, to ensure the suitability 
of this approach for application in food and water analysis, several requirements had to be assured:  

 optimal gene regions to be analysed must be as short as possible to be applicable to 
processed foods, but informative enough to provide a reliable species identification; 

 universal primers ensuring an unbiased amplification; and 

 bioinformatics tools allowing the efficient and reliable analysis of a huge amount of data using 
suitable databases for identification. 

 
At present, Biopremier is routinely using NGS for complex food analysis, including processed 
products. A complete strategy that fulfils the requirements described above was developed, ensuring 
its availability with a competitive and attractive cost. As far as we know, this is an absolutely knew 
approach in this field, presenting a huge potential in food authenticity and safety. 
 
 

Meat authentication: a new HPLC-MS/MS based method for the fast and 
sensitive detection of horse and pork in highly processed food 
 
Hans-Ulrich Humpf, C. von Bargen and J. Brockmeyer 
 
Institute of Food Chemistry, Westfälische Wilhelms-Universität Münster, Germany; humpf@wwu.de 
 
Fraudulent substitution of meat species in food is highly relevant as demonstrated by the ‘horse meat 
scandal’ in Europe where at least 50,000 tons of beef products contained horse meat. Besides the 
economical aspect, the undeclared blending of food with pork or horse is a severe problem for 
consumers that have ethical or religious concerns about the consumption of this species. We therefore 
developed a sensitive mass spectrometrical approach for the detection of trace contaminations of 
horse and pork in beef by use of species-specific peptides. These biomarkers were identified by a 
shotgun proteomic approach using tryptic digests of protein extracts from horse meat, pork, and beef. 
For each species about 5,000 peptides from approximately 500 proteins were identified and specificity 
of potential biomarker peptides was assessed by targeted analysis of 21 samples from beef, horse, 
pork, chicken, and lamb. For the most sensitive peptides, a multiple reaction monitoring (MRM) 
method was developed that allows the detection of 0.5% horse or pork in a beef matrix. To enhance 
sensitivity, we applied MRM3 experiments and were able to detect down to 0.05-0.1% pork 
contamination in beef with an instrument of the newest generation. Furthermore, the method was also 
optimized for processed samples. Using a high molar urea and thiourea buffer we were able to detect 
0.25% pork or horse in beef matrix. 
 
To the best of our knowledge, we present here the first rapid and sensitive mass spectrometrical 
method for the detection of horse and pork in raw as well as in processed meat samples by use of 
MRM and MRM3 which is readily applicable in routine labs. 
 
 

NanoMIP-based optical sensor for pharmaceuticals monitoring of drinking 
water  
 
Zeynep Altintas and I.E. Tothill 
 
Cranfield University, UK; zeynep.altintas@cranfield.ac.uk; i.tothill@cranfield.ac.uk 
 
The release of pharmaceuticals from human medicine to the environment has been a subject of 
interest for numerous years. Nowadays, it is well-known that the high consumption of pharmaceuticals 
will inevitably lead to their release into the environment. In the last two decades, a great number of 
reports have been released highlighting the presence of pharmaceuticals and their metabolites in 
aquatic systems, waste waters and water treatment plants. Also active pharmaceuticals are relatively 
complex compounds exhibiting various physico-chemical properties and biological functions. Most of 
these compounds are polar compounds which means they are soluble in water, with a molecular 
weight comprised between 0.2 and 1 kDa. They are also referred to as small molecules or 
micropollutants since they have been increasingly detected in levels ranging from the ng/l to the µg/l in 
water sources. Active drugs are not the only molecules to take into account for ecotoxicology. 
Molecules derived from parents compounds are also retrieved in environmental samples. Chemicals 
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usually undergo several structural modifications when released in the environment. However, 
pharmaceuticals are also transformed inside organisms such as animals and plants. Those products 
are called metabolites and offer more derivatives for analysis and detection. Metabolites are then 
defined as products resulting from the degradation or modification of active medical compounds inside 
the human body or other living organisms. Thus, the monitoring of pharmaceuticals and their 
metabolites are both important. 
 
Drugs and their metabolites can reach the aquatic environment and drinking waters if they cannot be 
eliminated during sewage treatments. Moreover, some compounds used for landfills or animals 
treatment enter directly environmental waters without going through sewage treatments. The 
quantification and detection of these compounds before and after water treatments have crucial 
importance in developing efficient filtration systems able to completely remove the micropollutants.  
This will prevent their contamination of drinking water, as traces of these chemicals in water can result 
in increased resistance and tolerance or toxic effect which can directly cause health problems due to 
the loss of effective treatment. Gas chromatography-mass spectrometry (GC-MS) and high 
performance liquid chromatography-MS (HPLC-MS) are the most commonly used techniques for 
pharmaceutical monitoring. Liquid chromatography (LC) provides an option to quantify low 
concentrations without an extra derivatisation procedure. However, LC-MS has a bottleneck for the 
quantitative detection due to its sensitivity to matrix effects resulting from complex content of ground or 
sewage water samples. Solid-phase extraction (SPE) method is currently used with this aim to purify 
and concentrate the pharmaceutically active compounds before analysis using chromatography. But, 
still there are some challenges, such as high matrix load. Moreover, all these techniques are 
expensive and time consuming and require experts to analyse the data.  The simple, cost-effective 
and user-friendly techniques are required for the routine analysis of water samples. 
 
Therefore, molecularly imprinting polymer nanoparticles (NanoMIPs) were developed in this work by 
employing molecular modelling and then used in combination with optical based biosensor for the 
detection and removal of drugs from water. Diclofenac, metoprolol and vancomycin specific NanoMIPs 
were synthesised using recipes based on the molecular modelling results and in house know-how. 
The MIPs were then characterised by employing dynamic light scattering (DLS) method to determine 
the size, quality and uniformity of the produced particles. The average size of the nanoparticles  were 
found to be ~ 132.3 nm ± 3.2, 169.4 nm ± 3.5 and 233±8 nm for diclofenac, metoprolol and 
vancomycin with a polydispersity index of ~0.3 which highlights the high quality of the produced affinity 
MIPs. Transmission electron microscopy was also used to confirm the uniform size of the NanoMIPs. 
These molecular receptors were then immobilised on the optical sensor via covalent coupling and the 
three different pharmaceuticals affinity interactions were investigated. Due to the small size of these 
compounds, signal amplification studies were conducted by employing gold nanomaterials.  
 
Monitoring of diclofenac, metoprolol and vancomycin in water were successfully investigated in the 
concentration ranges of 1.24-80 ng/ml, 1.9-1000 ng/ml and 0.03-2000 ng/ml with the detection limits of 
1.2 ng/ml, 1.9 ng/ml and 0.06 ng/ml, respectively. A regeneration method was developed for NanoMIP 
reuse with glycine-hydrochloric acid solution. Kinetic data analysis was performed through SPR2/4 
and Biacore 3000 analysers to determine the affinity between NanoMIPs and the pharmaceutical 
targets. The dissociation constants were found to be 4.27x10-10, 1.68x10-11, 2.86x10-11 for diclo-, meto- 
and vanco-NanoMIPs using Langmuir binding model, respectively. The achieved results show the 
excellent success of NanoMIPs by employing computational simulations and optical based biosensors 
for pharmaceuticals monitoring. The application of this work can be extended to the separation and 
detection of drugs from water samples, providing useful information and separation techniques for 
ecotoxicity studies. 
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A comparative sensing platform for endotoxin: MIPs or peptides? 
 
Mohammed J. Abdin, Z. Altintas and I.E. Tothill 
 
Cranfield University, UK; m.j.abdin@cranfield.ac.uk; i.tothill@cranfield.ac.uk 
 
Endotoxins are highly immunogenic molecules and are one of the major causes of mortality in 
intensive care patients due to the absence of specific therapeutics targeting lipopolysaccharides 
(LPS). Endotoxins are also responsible for ill health effects such as fever, inflammation of alveoli, 
inhalation fever, gastrointestinal disorders and sepsis. These toxins can be present in drinking water 
with inhalation of water vapour regarded as a primary route of human exposure. The current method 
of endotoxin detection relies on the enzymatic limus amebocyte lysate (LAL) assay that uses the 
purified LAL protein from blood harvested from the Limulus polyphemus horseshoe crab. The assay 
mimics the natural bacterial defenses of the horseshoe crab during exposure to endotoxins. The 
horseshoe crab is also an endangered species and reliance on blood from this animal must be 
avoided. Although several techniques such as ion-exchange chromatography, gel-filtration 
chromatography and ultrafiltration exist for the removal of endotoxins, there is a need for an advanced 
technology to detect and eliminate their effect.  
 
Hence, the current work is focused on the development of artificial affinity ligands and novel sensing 
systems to detect and control endotoxin. Molecularly imprinted polymers (MIPs) are artificial receptors 
that follow the underlying principle of molecular recognition observed in antibodies with antigens used 
in affinity technology. MIPs can be potentially tailored to any target and display high affinity and 
adequate selectivity, mimicking binding characteristics of antibodies with additional benefits of stability, 
low cost, ease of preparation and chemical modifications without the use of animals. Molecularly 
imprinted polymers were designed using a computation approach using the endotoxin as the template 
and were synthesised using the novel solid phase synthesis method, whereby the endotoxin is 
immobilised on silica beads to produce nanoMIPs. The nanoMIPs were characterised and tested 
using methods such as the dynamic light scattering technique, scanning electron microscopy (SEM) 
and transmission electron microscopy (TEM) to determine size, quality and reproducibility after each 
production batch. Surface plasmon resonance (SPR), an optical based biosensor was used to study 
affinity kinetics and to determine limit of detection (LOD) for these novel endotoxins nanoMIPs. SPR 
assays were initially developed with polymyxin B (PMB), a cyclic cationic peptide antibiotic obtained 
from the Bacillus polymyxa. PMB is considered as the gold standard affinity ligand for endotoxin and 
the development of assays for limits of detection, kinetic analysis and surface regeneration studies 
can be used as bench marks for the novel endotoxin nanoMIPs. Polymyxin B is used as an antibiotic 
and is neurotoxic if introduced intravenously, therefore is unsuitable for water filtration studies. 
Endotoxin preparation using triethylamine with gold nanoparticles has allowed the development of 
highly sensitive assays using polymyxin B as the affinity ligand achieving detection levels of 400 
pg/ml. Optimised assay conditions were applied to endotoxin nanoMIPs and kinetic data analysis was 
undertaken to understand how well the MIPs bound to endotoxin and its ability to retain the endotoxin 
for removal purposes. MIP Studies have shown impressive surface regeneration capabilities allowing 
multiple uses. The comparison results between MIPs and peptides using the SPR will be presented. 
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Integrated capability for detecting frauds and assuring the integrity of the food 
chain: the FoodIntegrity EU project 
  
Michele Suman  

(on behalf of FoodIntegrity consortium) 
 
Advanced Research Labs, Barilla S.p.A., Italy; michele.suman@barilla.com 
 
Deliberate food fraud exists due to motivations of financial gain, the likelihood of detection, and the 
balance between reward and penalty. The integrity of European foods is under constant threat, for 
example from fraudulently labelled imitations. However, the consumer does expect to buy products of 
which safety, quality and authenticity are assured. 
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There is need for new harmonised methods and reference materials, consolidation of expertise, 
sharing of data, better anticipation on food fraud and guidance of future research. FoodIntegrity (FI) is 
a 5 years 12 million Euro EU-FP7 funded project, comprising an inner core of 38 project participants 
from industry, academia, and research institutes (www.foodintegrity.eu). FI key activities are to share 
data and knowledge, understand mislabelling, develop both rapid and confirmatory methods and 
systems for industry, develop early warning systems, understand consumer behaviour for export, 
identify and set procurement of 3 million Euro for new research on these topics. In particular, FI has 
been conceived to: 

 provide Europe with a state of the art and integrated capability for detecting fraud and assuring 
the integrity of the food chain; 

 provide a sustainable body of expertise that can inform high level stakeholder platforms on 
food fraud / authenticity issues and priorities; and 

 bridge previous research activities, assess capability gaps, commission advancements and 
inform EU future needs. 

  
Improved verification procedures will be developed for food control using three key commodities as 
exemplars: olive oil, spirit drinks & seafood. In addition, a study in China will assess consumer 
attitudes in the face of substantial counterfeiting of European food. FI has the ambition to make a 
fundamental step in advance for assuring the added value of the integrity in the European food chain 
with a positive impact on EU citizens well-being, guaranteeing at the same time EU food reputation in 
front of non-EU countries. 
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PARALLEL SESSION 3: ADVANCES IN MICROBIAL ANALYSIS – FOCUS ON BACTERIA 
 
 

Rapid qPCR assay for enumeration of viable Salmonella in food – outputs of 
the project BASELINE 
 
Frédérique Pasquali and G. Manfreda 
 
Department of Agricultural and Food Sciences, University of Bologna, Italy; 
frederique.pasquali@unibo.it 
 
At present, EU Commission Regulation (EC) No 2073/2005 defines microbiological criteria for 
selected food matrices including sampling plans and the reference analytical methods to be used for 
identification and/or enumeration of pathogens. For pathogens contaminating specific foods at low 
levels, a zero tolerance approach is applied. In this context, Salmonella, one of the most important 
safety target identified by EU 2073/2005,  has to be absent in a defined number of tested samples of 
meat, egg products and dairy products using the ISO method 6579, which is labour-intensive and 
delivers results in no less than 4-5 days. Alternatively, for in house compliance verification, food 
industries are allowed to use novel molecular methods, such as real-time PCR, as long as the novel 
methods are interlaboratory validated against the reference method. In particular, the application of a 
probe-based chemistry and the inclusion of an internal amplification control make real-time PCR a 
reliable, accurate and specific method for rapid identification without the need of a confirmation step. 
Within the BASELINE project, the protocol of a real-time PCR assay was harmonised and applied 
across working groups for the detection of Salmonella in meat, egg products and dairy products. 
Moreover this assay was interlaboratory validated for the detection of the pathogen in pork cuts. 
Additionally, the BASELINE project went even further: conscious of the extreme importance not only to 
detect but also to quantify Salmonella in food for quantitative risk assessment studies, a specific 
enrichment qPCR protocol for rapid detection and enumeration of viable Salmonella in eggs and egg 
products was developed. In general, qPCR as well as other molecular methods cannot be applied for 
direct enumeration of low level pathogens for two reasons: (i) due to the detection limit (approx. 103-
104 cfu/ml) of qPCR, a direct enumeration of pathogens contaminating food at levels of 10-102 cfu/ml 
cannot be detected, and (ii) enumeration of live vs. dead cells is impossible since the qPCR assay is 
targeting stable molecules of  DNA which might be found long after the death of a bacterial cell. Both 
these points were overcome by the inclusion of a short pre-enrichment step prior to DNA extraction 
and PCR. During this step viable pathogen bacteria grow to their exponential phase and are therefore 
both detectable and quantifiable. The enrichment qPCR assay and the design of food matrix specific 
standard curves for detection and enumeration of Salmonella spp. on table eggs and egg products will 
be described in detail.  
 
 

Novel antibody-based systems for Listeria detection 
 
Richard O’Kennedy, N. Gilmartin and S. Hearty 
 
School of Biotechnology and Biomedical Diagnostics Institute, Dublin City University, Ireland; 
richard.okennedy@dcu.ie 
 
Research at the Biomedical Diagnostics Institute is focused on integrating the key elements required 
for the development of effective analytical platforms and employing them to generate rapid, specific 
and easy-to-apply methods for the detection of pathogens and disease-related biomarkers. 
 
Listeria may be found in raw milk, in animals, in/on raw vegetables and in soil and humans. It can also 
be found in ready-to-eat deli meats, refrigerated meats/meat products, unpasteurised milk and milk 
products, soft cheeses derived from unpasteurised milk, raw vegetables and fruits. It is a cold- tolerant 
organism that can survive and replicate at 40C. Hence, it is a very significant issue for food producers. 
Certain groups are particularly susceptible to its effects especially if their immune system is 
suppressed, e.g., older individuals, pregnant women, those undergoing transplants and those 
suffering from diseases where the immune response may be compromised. Listeria has an associated 
mortality of approximately 20-40%. This makes it particularly problematic and, thus, a very specific 
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and sensitive detection method is absolutely required. The regulations for  the detection of Listeria in 
food are demanding with the need to detect a single micro-organism in 25 g of food, i.e. the legislative 
requirement is for absence of Listeria in 25 g at the point of production and no greater than 100 cfu/g 
at the end of shelf-life. To achieve this aim both a highly effective capture/concentration step and a 
highly sensitive detection method that can differentiate between Listeria monocytogenes and other 
less pathogenic species are required.  
 
To address this we investigated the possibility of generating specific antibodies to a range of Listeria-
associated protein markers. A monoclonal antibody to internalin A was developed and fully 
characterised. It was shown to be specific for L. monocytogenes and could function in a range of 
assay formats, including enzyme-linked immunosorbent assay, Western blotting and surface plasmon 
resonance-based Biacore assays. The antibody was incorporated into EU funded Seventh Framework 
Programme  programmes (FP7-SME-232037 and FP7-SME-286713), with academic and industrial 
partners, termed BioliSME (‘Speedy system for sampling and detecting Listeria monocytogenes in 
agri-food and related European industries’) that aimed to generate an analytical device to recover and 
enumerate L. monocytogenes  from contaminated surfaces. The partners in this programme consisted 
of three academic partners (Dublin City University, University of Southampton and the Spanish 
Technology Center (AINIA)) and three industrial partners (Photek Ltd. based in the UK, 40-30 based in  
France and Betelguex based in Spain).The process of development and key steps will be described. 
In summary, Listeria was harvested by using a specially designed collection unit, concentrated using a 
magnetic extraction step exploiting antibodies, enumerated in a fluidics and antibody-based assay, 
with an associated fluorescence detection platform. The system was successfully used determine 
listerial levels of approx. 100 cfus from contaminated surfaces used in food production. No growth 
enrichment step was necessary thus greatly reducing assay times compared to many conventional 
approaches.   
 
 

Escherichia coli detection in food: development of a fully automated pathogen 
purification and detection system 

 
Marcia Armstrong, K. Wolf, S. Luley and R. Peist 
 
QIAGEN GmbH, Germany; marcia.armstrong@qiagen.com 
 
During the past decades, food safety concerns have steadily increased and are presently a major 
challenge for food authorities. One such challenge is pathogenic E. coli O157:H7 and the non-O157 
‘Big 6’ pathogenic E. coli. Because of their high disease-causing potential, there is increasing call by 
governmental authorities for E. coli regulation in foods, particularly beef products. While product 
approval using traditional culturing methods can take several days, real-time PCR represents a 
powerful tool for specific and rapid detection of food-borne pathogens with time to results of less than 
24 h, which is particularly desirable for products with short time-to-market requirements. 
 
The purpose of the current study was to develop a fully automated method for the purification and 
real-time PCR detection of (i) E. coli virulence factors O157, stx1/stx2 and eae to be used as a rapid 
screening assay for the virulence factors, and (ii) E. coli O157:H7 and non-O157 O-serotypes in a 
further screen for the presence of pathogenic E. coli O-serotypes. We present here results of studies 
in which E. coli DNA was purified from enrichment cultures of raw beef trim, ground beef and spinach. 
Cultures were performed for 6-18 h in modified tryptic soy broth (mTSB) at 410C. A one-for-all 
purification method developed for Salmonella spp. and Listeria spp. using the QIAsymphony Rotor-
Gene Q was extended to the E. coli studies. This is a fully automated solution for DNA extraction from 
enrichment cultures, reaction set-up and fast PCR detection with mericon E. coli O157 Screen Plus 
and mericon E. coli STEC O-type pathogen detection assays on the Rotor-Gene Q. Time course 
studies were performed for each matrix type to determine the length of enrichment time required for E. 
coli detection. Studies of the limit of detection were then performed to determine if the new assays 
were equivalent to the standard reference methods in their ability to detect E. coli virulence factors and 
STEC O-types. Representative data of E. coli DNA extractions from enrichment cultures of several 
food matrices and subsequent detection with the mericon E. coli PCR detection assay will be shown. 
A scheme for E. coli virulence factor screening with subsequent STEC O-type screen will be 
presented. 
 
The fully automated QIAsymphony Rotor-Gene Q provides a powerful, rapid, reproducible and
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sensitive method for the detection of E. coli virulence factors and STEC O-type in beef products and 
spinach. 
 
 

SMARTDETECT – a lab-on-chip system for pathogen detection 
 
Anders Wolff 
 
Department of Micro- and Nanotechnology, Technical University of Denmark, Denmark; 
anders.wolff@nanotech.dtu.dk 
 
Food safety remains a major public health threat in both developing and developed countries. More 
than 200 known infectious diseases are transferred via food and food products. According to WHO, 
the annual burden of foodborne diseases accounts for 1 to 4 billion cases with ~2.5 million deaths [1]. 
Monitoring and surveillance control of pathogens in food and food production lines are therefore 
extremely important for food safety [2]. Conventional bacterial culture method is still used as the main 
workhorse and reference method for food safety control [3]. The methods involve several steps to 
obtain the final result: pre-enrichment, selective enrichment, isolation on selective agar, and 
serological and biochemical confirmation. The whole process usually takes 5 to 7 days to complete. In 
the last few years, molecular diagnostic methods such as polymerase chain reaction (PCR) have been 
developed for the detection of Salmonella in much shorter time [4]. PCR allows for an accurate and 
unambiguous identification of target nucleic acid sequences. Nevertheless, the whole procedure of 
DNA purification PCR and detection of PCR products still takes several hours. Moreover, the whole 
procedures are costly, laborious, and prone to errors and contaminants [5].  
 
In the SMARTDETECT project we are developing a lab-on-a-chip (LOC) system for rapid multiple 
detection and identification of pathogens in foods and animal production. Three key technologies, 
direct PCR, solid-phase PCR, and supercritical angle fluorescence (SAF), are  developed in order to 
realize a portative, affordable LOC system that is suitable for online and at site detection and the 
system is able to give the final result faster than conventional real-time PCR. 

 Direct PCR. A newly developed DNA polymerase with a double-stranded binding domain 
which gives the enzymes an extraordinary high tolerance to many PCR inhibitors. This will 
allow robust PCR amplification directly from samples, without nucleic acid (DNA/RNA) 
isolation and purification steps. 

 Solid phase PCR. To enhance the multiplex detection capacity, DNA microarray-based solid 
phase PCR will be integrated in the SMARTDETECT LOC system which will allow the 
detection of 30 different targets from 8-10 different pathogens simultaneously. We have 
developed solid-phase PCR for detecting and typing of avian influenza [6,7] and we are now 
extending it to various food pathogens including salmonella and salmonella subtypes.  

 Supercritical angle fluorescence. We have developed a high-sensitive platform to monitor 
multiple hybridization events or solid phase PCR reactions in real time. By creating a micro-
optical array in a polymeric chip, the system combines the excellent discriminative power of 
supercritical angle fluorescence microscopy with high-throughput capabilities of microarrays. 
The micro-optical array is easy to fabricate and exhibits significantly improved analytical 
performance. It improves the fluorescent signal around 46 folds and the limit of detection by 
36-fold [8].   

 
These technologies are being combined to realize a portative, affordable LOC system that is suitable 
for online and at site detection and the system will be able to give the final result faster than 
conventional real-time PCR. 
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Cultivation-free identification of pathogens by means of Raman spectroscopy 
 
Petra Rösch 
 
Institute of Physical Chemistry, University of Jena, Germany; petra.roesch@uni-jena.de 
 
No abstract submitted at time of printing. 
 

 
Flow cytometry community fingerprinting to detect quickly stress in drinking 
water systems 
 
B. Buysschaert1, S. Van Nevel1, K. De Roy1, L. Clement2, O. Thas2, B. De Gusseme1 and Nico Boon1 

 

1Laboratory of Microbial Ecology and Technology (LabMET), Ghent University and 2Department of 
Applied Mathematics, Biometrics and Process Control, Ghent University, Belgium; 
nico.boon@ugent.be 
 
A follow-up of water quality is important in different areas, ranging from food and beverage production 
to waste water treatment. Conventional methods to determine the microbial quality of water, such as 
heterotrophic plate count (HPC) and molecular techniques, are time consuming and prevent an 
immediate intervention in case of problems. Flow cytometry (FCM) is a fast method to investigate the 
microbial communities but data interpretation is until now based on subjective gating. During the 
presentation, the development of a rapid and objective method for the assessment of water quality will 
be discussed. This approach uses the physiological and morphological status of single cells within a 
microbial community using flow cytometry with tailored statistical tools. The method consists of two 
main parts, first the generation of fingerprint data with flow cytometry and second the analysis of the 
data by the new statistical tool. The combined method was proven useful for the discrimination and 
classification of different brands of bottled drinking water. The classification rule was evaluated by 
leave-on-out cross validation and the estimated misclassification rate was 8%. Next to differentiation 
of microbial communities of different origin, the method was tested to detect changes within a 
community due to different environmental factors. This allows the quick detection of subtle differences 
in microbial community composition, which would be a reflection of the water quality. The impact of 
four different treatments on the microbial communities in bottled water were both assessed by flow 
cytometry and validated by the commonly used fingerprinting technique denaturating gradient gel 
electrophoresis (DGGE). Significant changes in community composition could be detected in three out 
of four treatments by the new method. The same conclusion could be made with DGGE.  
 
Ultimately the method was used to follow-up drinking water networks after maintenance. Drinking 
water networks need maintenance every once in a while, either planned interventions or emergency 
repairs. When this involves opening of the water pipes, precautionary measures have to be taken to 
avoid contamination of the drinking water at all time. Drinking water suppliers routinely use HPC as 
quality control in such a situation. However, this takes at least 21 h for incubation, which can be crucial 
when dealing with major supply pipes. A combination of flow cytometric bacterial cell counts with flow 
cytometric fingerprinting was used as a fast and sensitive additional technique. In three full scale 
situations, major supply pipes were emptied for maintenance, shock-chlorinated and flushed with large 
amounts of clean drinking water before taking back in operation. Flow cytometric measurements of the 
discharged flushing water revealed fast lowering and stabilizing cell concentrations once flushing is 
initiated. The FCM approved samples were later also approved by the drinking water supplier after 
routine analysis for total Coliforms and Enterococci, which were used as decisive control to set the 
pipes back in operation. FCM proved to be a more conservative test than plating, yet it yielded 
immediate results. 
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Generally, flow cytometric fingerprinting can be used as a quick tool to analyse microbial communities 
in liquid samples. The system can give an indication of the microbial quality within one hour and can 
as such be used as an early warning system. 
 
 

Droplet digital PCR: applications for detection and enumeration of bacteria in 
food  
 
Jean-François Mouscadet  
 
Food Science Division, Bio-Rad Laboratories, France; jean-francois.mouscadet@bio-rad.com 
 
Thanks to the recent advent of compartmentalisation techniques allowing partitioning of single 
molecules or cells, digital methods capable of quantifying rare events in complex biological samples 
are now thriving. In particular, digital PCR amplification has become an attractive technique to quantify 
absolute concentrations of DNA. Digital PCR is a limiting dilution method based on the dilution of a 
sample containing nucleic acid molecules to the point that individual, independent, PCR reactions 
containing only one single template molecule can be performed. Bio-Rad has recently brought to the 
market a droplet-digital PCR (ddPCR) instrument which allows partitioning 20 µl-volume samples in 
20,000 nanoliter droplets. Droplets that contain at least one copy of the target DNA are identified by 
positive PCR reactions yielding fluorescence signal. Initial nucleic acid concentration can be quantified 
by counting each positive droplet as this number is directly related to initial DNA concentration by the 
Poisson law of small numbers. A rapidly growing number of applications is being described with a 
particular emphasis in the food domain for quantifying GMOs. Indeed, the first key advantage of 
ddPCR when compared to real-time PCR is its absolute quantification and direct concentration 
measurement, with no need for running standard curves, and with an unparalleled precision as target 
quantification can be obtained with a ±10% precision. Besides, since the outcome of ddPCR is 
endpoint read with clearly positive or negative droplets, there is less impact from biological or 
fluorescent noise making ddPCR less prone to inhibition in complex matrices. The absence of 
calibration curve represents also a significant advantage for application involving microorganism 
enumeration. For instance, a study of the quantification of Legionella spp. in water samples indicated 
that ddPCR may yield results similar to those obtained when following the qPCR reference method, 
which requires running multiple standard materials. A second advantage of the ddPCR is its unique 
capability of amplifying one single genome at a time, thereby yielding homogenous amplification 
products that can be used for further characterisation. Since multiplexed ddPCR can be easily worked 
out with no bias due to competing genomes, the concomitant use of several fluorescent probes may 
provide an unambiguous result concerning the simultaneous presence/absence of targeted sequences 
on each amplified genome. This represents a real advantage in the context of pathogen identification, 
which requires several markers to be unambiguously assigned. For instance, the main pathogenic 
verotoxic Escherichia coli (VTEC) could be readily identified by ddPCR using a combination of stx and 
eae probes whereas current PCR methods require a confirmation of the simultaneous presence of 
both markers within a single cell. However, we observed that DNA shearing creates a problem for 
analysing the co-localisation of linked markers that may become independent during the sample 
preparation. Preliminary experiments suggested that this lack of linkage may be solved by 
encapsulating single bacteria instead of genomes into the droplets. Furthermore, we observed that 
bacteria may undergo division within the droplets. Therefore, encapsulated microorganisms can be 
subsequently enumerated by either PCR or by using specific enzymatic reactions provided that an 
appropriate fluorogenic substrate is encapsulated along with the bacteria. 
 
In conclusion, droplet digital PCR seems an avenue that is worth investigating in the rapid food testing 
domain for applications requiring direct enumeration of microorganisms, increased sensitivity in 
inhibitory matrices, unambiguous identification of adulterant pathogen with several markers, as well as 
detecting and enumerating of viable cells, one of the most challenging goals for PCR-based methods. 
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SPEED PRESENTATIONS 
Short presentations by selected poster presenters to provide an overview of their research and inspire 
the audience to visit their poster. 
 
 

o P12 
A novel high-throughput method for molecular detection of human enteric viruses using a 
nanofluidic real-time PCR 
Audrey Fraisse 
Food Safety Laboratory, ANSES, France 
 

o P6 
Rapid method for the detection of methicillin-resistant Staphylococcus aureus (MRSA) 
Heleen van den Bosch 
Biomolecular Sensing & Diagnostics, Wageningen UR, the Netherlands 
 

o P9 
Detection of Salmonella spp. in animal feeding stuffs using a LAMP-based method 
Martin D’Agostino 
The Food and Environment Research Agency, UK 
 

o P22 
Applications of robotised solid state cytometry and fluorescent in situ hybridisation as a 
platform for autonomous and rapid biosensoring 
Gijsbert Jansen, Biotrack, the Netherlands 
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PARALLEL SESSION 4: ADVANCES IN CONTAMINANT ANALYSIS 
 
 

Sample preparation and analyte quantification using aqueous two-phase 
extraction coupled with an immunoassay in a microfluidic chip for point-of-use 
food and feed safety application 
 
João Pedro Conde 
 
INESC Microsistemas e Nanotecnologias, Institute of Nanoscience and Nanotechnology (IN) and 
Department of Bioengineering, Instituto Superior Técnico, Universidade de Lisboa, Portugal; 
joao.conde@tecnico.ulisboa.pt 
 
Immunoassays are versatile analytical tools and the workhorse of rapid detection, with applications 
ranging from environmental and food toxicology to biomedical analysis. Thus, immunoassays have 
been gathering interest as the core technique in the development of novel point-of-use devices in food 
and feed samples. Point-of-care/point-of-use devices for medical, environmental, and food safety 
applications have potential benefits of cost, portability, speed and multiplexing. Mycotoxins, such as 
ochratoxin A (OTA) and aflatoxin B1 (AFB1), are secondary metabolites of fungi with a widespread 
presence and are associated with severe toxic effects for humans and animals, giving rise to important 
food safety concerns. However, some target food matrices, such as wines and beers, with maximum 
OTA regulatory limits set in the order of 2 ng/ml pose pronounced interference effects, drastically 
hindering the assay sensitivity. OTA is also present in solid sources, such as grains, in this case 
raising the challenge of an effective and simple extraction and sample preparation technique for use in 
point-of-use applications. 
 
To tackle these issues, we have developed: (i) a rapid and sensitive enzyme based microfluidic 
immunoassay methodology [1,2], reducing detection times under 15 min and allowing effective 
multiplexing; (ii) an off-chip polymer-salt aqueous two-phase system (ATPS) to integrate sample 
clean-up and analyte concentration in a single step [3] – combined, these strategies achieved OTA 
and AFB1 immunodetection sensitivities (0.19 and 0.035 ng/ml, respectively) for red and white wines, 
and beer, similar to those obtained for the toxins in a buffer solution (0.7 and 0.009 ng/ml, 
respectively); (iii) a method for performing an on-chip sample preparation using a microfluidic ATPS 
coupled to an immunoassay [4], providing OTA detection sensitivities in red wine down to 0.26 ng/ml; 
and (iv) a simple single-step extraction, concentration and matrix clean-up method to process solid 
matrices, also based on ATPS. These developments lay the ground work for future integrated systems 
for multiplexing of mycotoxin assays for point-of-use applications. 
 
This novel approach based on aqueous two-phase systems can help the development of a wide range 
of point-of-care devices that can directly deal with real samples in complex matrices without the need 
for extra extraction processes and equipment. 
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An environmentally friendly multi-extraction method for screening of 
mycotoxins  
 
Barbara Cvak 

 
Romer Labs Division Holding GmbH, Austria; barbara.cvak@romerlabs.com 
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Fast and simple extraction of mycotoxins from agricultural commodities is a crucial step in the 
development of rapid test systems. Extraction is usually performed with organic solvents, e.g., 
methanol or acetonitrile, due to low solubility of most mycotoxins in aqueous solutions. Especially for 
on-site screening methods such as fast and easy lateral flow devices (LFDs), untrained people are 
exposed to danger when using organic solvents. Moreover, they are harmful to the environment when 
large amounts are used for sample extraction. The reduction of these substances or complete 
replacement is of great interest and importance for the future. Therefore, a unique water-based multi-
extraction method for mycotoxins was developed. One uniform extract can be used for rapid screening 
of the following mycotoxins: aflatoxins, deoxynivalenol, fumonisins, and zearalenone. Aflatoxins are 
metabolites of the fungi Aspergillus flavus and A. parasiticus and are toxic and carcinogenic.  
Deoxynivalenol, also called vomitoxin, is known as immunosuppressant and may cause kidney 
problems. Fumonisins have been declared as a potential human carcinogen by the International 
Agency for Research on Cancer (IARC) and have also been linked to leukoencephalomalacia and 
nephrotoxicity in animals. The major effects of zearalenone are estrogenic and primarily involve the 
urogenital system. As maximum levels in food and feed were set by e.g., the European Commission, 
these substances need to be tested. This presentation will demonstrate a multi-extraction method by 
employing a newly designed extraction buffer system on an aqueous basis for the detection of four 
different mycotoxins using LFDs. 
 
 

Enzyme, antibody and MIP assays for the rapid determination of biogenic 
amines 
 
Claudia Preininger, D. Schöfbeck and L. Mattsson 
 
Austrian Institute of Technology (AIT), Department of Health and Environment, Austria; 
claudia.preininger@ait.ac.at 
 
Recent trends in food safety promote the use of biogenic amines as chemical indicator for the hygienic 
quality and freshness of foods. Biogenic amines can be produced during storage or product 
processing by bacterial enzymatic decarboxylation of free amino acids. Some of them, for example 
histamine, putrescine, cadaverine, spermin, spermidine and tyramin can be used as food quality 
indicator for bacterial spoilage and to monitor fermentation processes. Histamine is especially 
important as it is toxic at high intakes and can be enhanced by the presence of other amines, like 
putrescine and cadaverine. The limit value for fish and products thereof set by the FDA is 50 mg/kg.  
Biogenic amines are traditionally measured using high pressure liquid chromatography (HPLC), which 
is an accurate but expensive and time-consuming method. A rapid, simple and low-cost test system 
that could be routinely used in industry is therefore urgently needed. Here we report on various 
approaches – biomimetic, antibody-based and enzymatic – for the simultaneous detection of biogenic 
amines, starting with histamine.  
 
Histamine binding molecularly imprinted polymers (MIPs) were synthesised by precipitation 
polymerisation as well as by exploiting ready-to-use resist materials with thermo-nanoimprinting 
techniques to be employed as capture probe and recognition layer in the histamine immunoassay. 
Since histamine is an extremely small molecule (MW 111 Da), derivatisation of histamine before 
imprinting drastically improved the selectivity and sensitivity of the assay. The binding characteristics 
of the MIP particles were tested in batch binding experiments using UV spectrophotometric detection 
with constant amount of histamine as an analyte (0.2 mM) at pH 7. Secondly, a binding inhibition 
assay for histamine was developed using hapten-conjugates as capture probes immobilised on a 
reactive biochip platform. For this purpose, BSA, HRP and KLH were used as carrier proteins in 
different histamine-protein ratios. To optimise assay conditions heterology concepts as well as print 
buffer composition and reagent concentrations were considered. The binding was detected with a 
DY647 labelled secondary antibody based on fluorescence read-out. The lowest histamine 
concentration detected was 10 µg/ml. The dynamic range of the assay was set to be around the defect 
action level of 50 µg/ml. In addition to the biochip, a colorimetric test strip was developed applying the 
inhibition assay format with the same antigen-antibody set. Fluorophor-labelled antibodies were used 
for chip detection, whereas gold-labelled antibodies (40 nm Au particles modified with 
mercaptohexadecanoic acid) were employed for the strip. Pictures of the strips were taken with the 
digital camera or office scanner and signals were calculated with respect to those of the control line, 
while signal detection using the biochip was done with a fluorescence reader. On the chip, signal 
intensities with immobilised BSA-histamine and HRP-histamine conjugates were significantly higher
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than with KLH-histamine. Though on the strip, only HRP-histamine gave dose-dependent signals with 
histamine as a free analyte. Assays for detection of other biogenic amines (e.g., tyramine and 
spermine) were also integrated on the chip. In a third approach, we exploit the enzymatic reaction of 
diamine oxidase for detection of biogenic amines. In the reaction oxygen is consumed and ammonia 
and hydrogen peroxide are produced. For colorimetric detection the formation of hydrogen peroxide is 
measured using HRP as enzyme label and DAB or TMB as the substrate. For electrochemical 
detection (currently under development at AIT) decrease in oxygen serves as a measure for biogenic 
amine concentration.  
 
Data will be presented for all three approaches including biomimetic, enzymatic and antibody-based 
rapid tests and current challenges regarding reproducibility of results and long term stability of 
immobilized probes will be discussed as well as the usability in food safety and for industry purpose. 
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New developments in effect-based analysis of hormones, POPs, veterinary 
drugs and obesogens in complex mixtures 
 
Peter A. Behnisch 
 

BioDetection Systems BV, the Netherlands; peter.behnisch@bds.nl 
 
To protect the safety and the quality of our food, health and environment innovative, sensitive and 
efficient in vitro test and effect-based bioanalysis tools have been developed for many relevant 
adverse outcome pathways (AOPs). Modern mechanistic bioassays provide insight in the modes of 
action of toxicants and can be used as alternative methods to assess chemical and food safety, 
particularly when coupled to adverse outcome pathways. In the last few years, a wide range of such 
human-cell based assays have been developed and automated for the use in high-throughput panels 
to assess safety of chemicals and chemical mixtures. Such ‘green bioanalysis’ tools have been 
developed to quantify biological effects of the compounds and mixtures we are confronted with in our 
everyday life. In combination with chemical analytical, and DNA-based techniques, such bioassays 
enable a wide range of applications, such as compliance testing, safety assessments, and biological 
effect profiling. This can be used in cost effective and rapid assessment of safety of chemicals and 
chemical mixtures.  
 
In the last two decades many effect-based or in vitro bioanalysis tools have been established, 
evaluated and validated for feed, food and water testing in several national (e.g., Descriset BE, LOES 
NL, Be-Basic NL,) and international projects (such as FP6 ReProTect, FP7 ChemScreen, FP6 FaceIt, 
FP6 Techneau, FP7 Demeau). Biological testing strategies have been developed for many relevant 
feed/food/water contaminants such as for POPs (dioxins, PCBs, pesticides), hormones/veterinary 
drugs/plastic additives (TR, ER, AR, PR, GR, PR), obesogens (PPAR), genotoxicity (p53), oxidative 
stress (Nrf2) and cytotoxicity based on human cell lines in HTPS robotic testing format. The biological 
effects in human cells of cocktails of such chemicals/pharmaceuticals can be now direct or by using of 
metabolic enzymatic systems (to simulate metabolism) measured. All these projects focus either on 
standards or on complex mixtures of agonistic and anti-agonistic stressors, such as old chemicals 
(e.g., some prominent ones, such as BPA, DDT, lindane, TBT, flame retardants, perfluorinated 
compounds such as PFOA/PFOS), anabolic steroids, veterinary drugs, cosmetics, natural/phyto-
hormones, thyroids, anti-inflammatory drugs, obesogens (phthalates) or metabolic active compounds 
(such as fatty acids), which exert their effects through a wide range of nuclear hormone receptors. 
 
Using such bioactivity profiling for the Stockholm POPs and the emerging pollutants in the Water 
Frame Work Directive, many new toxicological relevant mode of actions (MoA) have been analysed, 
such as: 

 many pesticides are strong inhibitors of the male- and progesterone hormones; 

 PFOS/PFOA and phthalates are potential obesogens; 

 many heavy metals are general stressors inducing AP1 and Nrf2; 

 PAHs are often also inhibitors of the male- and progesterone hormones, dioxin receptor 
activators and p53 genotoxic active compounds (the latter related to cancer risks); 
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 tributyltin compounds are multiple toxicants (anti-ER/AR/PR; LXR, PPARg); 

 mercury compounds are multiple toxicants (Ap1, ESRE, NfkB, Nrf2 and p53); 

 many food contact materials are multiple toxicants (ER, anti-AR/PR; PXR, PPARg, ESRE); 

 many polyhalogenated (Cl, Br, J, F) dioxins/PXBs are also dioxin-like compounds; and 

 PCBs are multiple toxicants (anti-AR/PR; DR, AP1). 
 
Now for many single compounds EC50/relative equivalent potencies (REPs) are known and can be 
used to transform the concentrations of these single compounds into toxic equivalents (TEQs) of the 
complex mixture. These by chemical analysis obtained TEQs can then be direct compared to the 
effect-based biological equivalents (BEQs) by bioassays. In case the BEQ is higher than the TEQ, 
then in most cased the chemical analysis did not cover all relevant compounds for this effect (e.g., 
PCDD/Fs vs. PBDD/Fs). By further investigating these false negative results of the chemical analysis, 
new compounds can be detected and then added to the chemical analysis to fill the gap of currently 
regulated compounds and actually active toxic and emerging pollutants. This combinatorial analysis 
leads to a higher efficiency (high through put robotics) and higher environmental, feed/food and public 
health safety. These HPTS screening tests are also involved in screening public health issues 
(obesity, children’s development, hormone levels, endometriosis and menopause) with more and more 
surprising results, which will be also presented. Such ‘green toxicology’ tools are also used to develop 
safer plastics or to screen for beneficial health effects of herbal medicine and food additives.  
 
As take home message, this effect-based assay panel can clearly identify the few non-compliant from 
the crowd of compliant samples, allowing efficient safety assessment even in complex mixtures such 
as food and water. 
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DNA analysis goes on site: the combination of isothermal amplification 
methods with ionic liquid based rapid extraction protocols 
 
Kurt Brunner, C. Zahradnik, E. Gonzalez Garcia, C. Kolm, R. Martzy, R. Krska, K. Bica, A. 
Ressmann, P. Gärtner and R.L. Mach 
 
Department IFA-Tulln, Vienna University of Technology, Austria; kurt.brunner@tuwien.ac.at 
 
DNA based analytical approaches play a major role in food and feed analysis. Usually, PCR is the 
method of choice to amplify trace amounts of a target DNA in order to subsequently visualize the 
product by gel electrophoresis or fluorescent dyes. However, PCR is a convenient method in well-
established laboratories but thermocyclers are rather expensive and due to the high energy 
consumption it is difficult to operate these instruments on-field. In recent years, numerous isothermal 
amplification methods appeared in publications and were also used for food analysis. In our 
laboratory, we have tested five different approaches and have developed and published assays to 
detect the food allergen celery, the 35S promoter of genetically modified plants and also adulteration 
of food with horse meat. The developed tests were applied to real food matrices, such as highly 
processed products obtained from local supermarkets. This presentation will provide an overview of 
benefits and drawbacks of the different isothermal amplification methods on practical examples.  
 
However, although these methods can be considered as rapid and simple, there is one major 
bottleneck: the extraction of DNA from a sample must be performed in a laboratory and is highly time 
consuming. All available protocols need either centrifuges or are kit like systems which limit the 
amount of sample to be used for the extraction. We used ionic liquids to facilitate the solubilisation of a 
sample in aqueous buffer systems. Ionic liquids are liquid salts which have the capability to dissolve 
almost every bio-polymer. We have used these compounds for the first time for a direct extraction of 
DNA. More than 20 different ionic liquids were tested for their influence on DNA extraction and for their 
capability to stabilise the extracted DNA in solution. The protocols were optimised to be almost 
independent of any laboratory equipment. 
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All together, the application of ionic liquids for the extraction of DNA from food samples in combination 
with isothermal amplification procedures have the capability to develop laboratory independent DNA 
tests which can really be performed on-site. 
 

 
An old material for novel applications – microfluidic papers and paper based 
sensors 
 
Markus Biesalski 
 
Laboratory of Macromolecular Chemistry and Paper Chemistry, Department of Chemistry, Technische 
Universität Darmstadt, Germany; biesalski@tu-darmstadt.de 
 
Throughout the last decade, we have witnessed an increasing amount of studies, addressing the use 
of the low-cost material paper in high-tech applications, progressing from substrates for blood-typing, 
to enzymatic reaction engineering, low-cost DNA-sensors and purification of antibodies. Paper is a 
particularly attractive substrate for such applications due to interesting advantageous properties: (i) no 
external pumps are needed for the fluid transport due to capillary forces, (ii) paper can be considered 
as low-cost material consisting of the earth’s most abundant material, cellulose, and (iii) the 
lignocellulosic fibre surface can be chemically modified by various chemical means. 
 
In this presentation, I will give an overview about how functional copolymers can be used to tailor 
paper substrates in a fashion suitable for different applications. Examples that I will introduce progress 
from designed (micro)fluidic timers to paper-based cascade reactors, photocatalytically active paper 
and low-cost paper-based sensors. 
 
 

Paper/plastic nanobiosensors for food and environmental applications 
 
Arben Merkoçi 
 
ICREA and Catalan Institute of Nanoscience and Nanotechnology (ICN2), Spain; 
aben.merkoci@icn.cat    
   
Development of novel biosensing tools with interest for point of care applications represents one of the 
main research fields for nanobiotechnology. Either brand new devices or improvement of existing ones 
are being developed thanks to the use of nanomaterials and nanotechnologies. Between the various 
devices biosensing systems based on electrical and electrochemical transducing schemes are overall 
in the focus of interest given the simplicity and cost efficiency of detection. Among the various 
biosensing system performance requirements the high sensitivity and selectivity of the response are 
crucial for applications in clinical diagnostics. The fulfilment of such requirements means the detection 
of low levels of clinical biomarkers in human fluids. Due to the fact that many species are present in 
very low concentrations the need for biosensing systems that can detect these analytes with high 
sensitivity and selectivity, including very low detection limits along with high reproducibility, is an 
important challenge. To overcome the difficulties in accomplishing all these requirements the main 
efforts are driven toward signal amplification and noise reduction of biosensing systems by the 
incorporation of nanomaterials. Nanomaterials (NMs), such as carbon nanotubes, graphene, metallic 
nanoparticles, nanowires and quantum dots, are showing to be excellent materials to be used as 
electrochemical transducers or labels in DNA (or genosensors) sensors beside enzymatic sensors, 
immunosensors or cell sensors. The amplification of the detection of biorecognition events (DNA 
hybridisation reactions, etc.) are the most important objectives of the current bioanalytical chemistry. 
In this context integration of the catalytic properties of some biomolecules with those of nanomaterials 
is appearing to be a promising way to enhance the sensitivity of the bioassays. Examples related to 
various clinical biomarkers as well as contaminants detection will be shown. The developed devices 
and strategies are intended to be of low cost while offering high analytical performance in screening 
scenarios beside other applications. Special emphasis will be given to lab-on-a-chip platforms with 
integrated electrochemical detection with interest for various applications. In addition simple paper-
based platforms that operate in lateral flow formats with interest for various detections also will be 
shown. The shown examples are with interest for water quality analysis, food safety as well as other 
applications. The future applications of the developed tools in real industrial scenarios is highly 
dependent on further technological development that would require further integration of the sampling



RME2015  47 
20 - 22 April 2015, the Netherlands 

system with detection beside reading (signal treatment) that would allow these devices to be easy to 
be used even by non-professional users in the field.      
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TUESDAY 21 APRIL 2015 
 
SPEED PRESENTATIONS  
Short presentations by selected poster presenters to provide an overview of their research and inspire 
the audience to visit their poster. 
 
 

o P38 
Development and applicability to real-life samples of a ready-to-use, multi-target analytical 
system for GMO screening 
Sabrina Rosa 
Institute for Health and Consumer Protection, European Commission Joint Research Centre, 
Italy 
 

o P28 
Quick test for the detection of blue-green algal toxins 
Christina Liedert 
VTT Technical Research Centre of Finland, Finland 
 

o P23 
The next-generation of proton-transfer-reaction mass spectrometry: high selectivity and high 
speed analysis in food and flavour research 
Simone Jürschik 
IONICON Analytik, Austria 
 

o P3 
DNA metabarcoding for plant species identification and quantification in complex samples 
Alexandre Angers-Loustau 
Institute for Health and Consumer Protection, European Commission Joint Research Centre, 
Italy 
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WEDNESDAY 22 APRIL 2015 
 
PARALLEL SESSION 5: ADVANCED TECHNOLOGIES & RAPID DIAGNOSTIC PLATFORMS 
 
 

Next generation multi-analyte protein microarray diagnostic platforms 
 
Aart van Amerongen 

 
Biomolecular Sensing & Diagnostics, Wageningen UR, the Netherlands; aart.vanamerongen@wur.nl 
 
In immunoassays the 'one sample – one target' approach is generally used. However, the majority of 
diagnostic applications would benefit from the simultaneous detection of 5 to 10 targets per sample, 
both from a diagnostic and a cost-efficiency point of view. We focus on the development of multi-
analyte (i) lateral flow, (ii) slide-based, and (iii) ELISA immuno- and enzyme assays that can be used 
on-site/point-of-care, are user-friendly and/or allow high-throughput screening. For multi-analyte 
assays capture ligands, such as antibodies, recombinant proteins and enzymes, are applied by inkjet 
printing on a variety of platform surfaces. Droplets down to 50 picoliter are printed by the Scienion 
sciFLEXARRAYER S3 that is humidity-controlled. Two cameras enable calculation of spot volumes 
and QC of the printing process, respectively. 
 
A rapid point-of-care lateral flow microarray immunoassay (LMIA) platform has been developed that 
generally consists of 25 assay spots. With duplo measurements up to 8 different antigens can be 
detected within 15 minutes. In another novel assay platform, microarray-ELISA (MELISA), multi-
analyte detection is performed in the wells of ELISA plates. A well can easily accommodate an 8x8 
array (64 spots) with which it is possible to measure up to 25 different antigens in one sample 
simultaneously. The ELISA platform has already been in use for decades, especially in the clinical 
laboratory, and is fully automated for detection of a single signal per well. For microarray detection 
colorimetric and fluorescent digital image readers are available that takes and analyses images of 
each well, a full plate within 5 minutes. The dedicated software returns the result in any desired 
format. These multi-analyte, microarray diagnostic platforms can be used in any field, from 
agriculture and the environment, food and feed, up to the veterinary and human diagnostic sectors. 
The platforms allow applications in various settings: the lateral flow test is a user-friendly format and 

can be used on-site/ point-of-care, while the microarray-ELISA is very well suited for an automated 
work flow in laboratory settings. 
 
The successful introduction of these diagnostic platforms in the market not only requires the presence 
of signal/image readers and dedicated software packages or the user-friendliness of their 
performance. A very crucial step is the manufacture of the microarray assays by the large-scale 
printing of capture ligands. It will be explained that the economically viable production of the LMIA and 
MELISA platforms is feasible.  
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How a highly disruptive membrane technology can contribute to effective 
analysis 
 
Hans-Henk Wolters, S.J. Metz, J. Kuipers and G. Mulder 
 
Metalmembranes.com, the Netherlands; hanshenk.wolters@metalmembranes.com 
 
Metalmembranes has developed and patented a complete new method to produce a ceramic 
nanoporous membrane out of a metal.  These membranes can, among other purposes, be used as a 
platform for diagnostic applications. The membrane production process comprises the following two 
steps: 

 Formation of a highly porous inorganic layer on one side of a metal plate, via plasma 
oxidation. 
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 Electrochemical etching of the metal on the other side of the plate. In this step the metal is 
partially removed, allowing for filtration through the ceramic layer. 

 
Plasma oxidation occurs in an electrolyte where a high potential difference (>100 V) is created 
between a metal plate and a cathode. As a metal plate aluminum or titanium can be used.  At these 
high potential differences a plasma is created that transforms the surface of the metal plate in a hard 
porous ceramic layer. This layer consists of crystalline α Al2O3 and γ-Al2O3 phases when the layer is 
created from aluminum. The properties of this ceramic layer can be modified by varying the conditions 
during treatment (electrolyte composition, current density, potential, treatment time, etc.). This ceramic 
layer is physically strongly bonded to the metal from which it was formed. The metal has to be 
(partially) removed from the other side of the plate to filtrate a solution through the ceramic layer. 
Electrochemical machining is used to electrochemically dissolve flow channels in the metal. In this 
process a conductive electrolyte flows in between the metal plate (the ceramic layer is on the other 
side of the plate) and a cathode. The metal plate is the anode and dissolves due to the electric 
potential difference (<40 V). The dissolution stops when the ceramic layer is reached. Hereby a 
ceramic separation layer is created which is partially attached to the metal. 
 
In this production process a membrane is formed that has the following properties: 

 high flux, clean water flux 4 m3/(m2 h bar); 

 small pore size, tunable, 150 nm and smaller; 

 high thermal resistance; 

 pressures up 5 bars possible; 

 stable in both aggressive solvents; 

 mechanically stability, due to connection ceramic layer to metal substrate;  

 excellent sealing of the membrane to a device due to the connection of the metal to the 
ceramic layer; 

 low fouling rates. 
 
The membranes are applied in laboratory devices for the analysis and growth of microorganisms and 
filtration processes are being developed.  
 

  

Figure 1. Image shows a cavity electrochemically machined in 
metal showing the membrane at the bottom of the cavity. 

Figure 2. Magnification of the pores on the inner ceramic layer 
of an aluminium membrane. Pores are 100-150 nm. 
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Rapid testing of pathogenic microorganisms by microfluidic immunomagnetic 
separation and single-cell counting 

 
Hans-Anton Keserue 
 
rqmicro LLC, Switzerland; keserue@rqmicro.ch 
 
rqmicro – rapid and quantitative microbiology – develops rapid detection solutions for pathogenic 
microorganisms in water and food. We employ a microfluidic immunomagnetic separation (mIMS) for 
the sample preparation and flow cytometric single-cell counting for the quantification. rqmicro uses 
monoclonal antibodies and superparamagnetic nanoparticles (<50 nm) in its high performance tests. 
The tests are performed on a disposable microfluidic cartridge offering the processing of 4 tests in 
parallel. The advantages of the mIMS approach is a continuous, automated and contact free process 
that leads to a very high (>99.9%) purity of the target cells. Furthermore, this unmatched purity 
provides an excellent robustness against different sample matrices as well as a great signal to noise 
discrimination. The first test for Legionella pneumophila in aqueous samples takes only one hour and 
allows the discrimination of potentially viable and membrane damaged cells.  
 
When testing the efficacy of disinfection procedures in model water systems with our Legionella test, 
we have shown that exposure to 70°C can take up to 5 days to damage the membrane of L. 
pneumophila SG 1 Philadelphia. This is in harsh contrast to the recommended procedures, which 
were established by using plate cultures, but matches many experiences of large infrastructure 
operators after disinfection procedures. Before the test is accredited and consequently useful for 
routine testing, it can already serve very well as a fast monitoring and control tool in disinfection 
procedures. These processes can be closely monitored and given the fast time-to-result and single-
cell data precision can dramatically help in optimising heat, chemical or biocide treatments of, e.g., 
water distribution systems or cooling towers. The first instrument generation is planned to be released 
end of 2015 and will serve for the sample preparation, targeted at customers that already operate flow 
cytometers and wish to specifically detect pathogens, such as Legionella. The second generation is 
planned for 2017 and will have the on-cartridge quantification included, and thus will serve as a 
transportable stand-alone instrument. Currently, rqmicro is developing tests for Pseudomonas 
aeruginosa, E. coli O157:H7, Campylobacter, Listeria and Salmonella. In the meantime, rqmicro offers 
its tests as a service. 

 
 
Affinity sensor based on immobilised molecular imprinted synthetic 
recognition elements 
 
P. Lenain1, Natalia Beloglazova1, B. Mattiasson2, M. Hedström2 and S. De Saeger1 
 
1Laboratory of Food Analysis, Ghent University, Belgium and 2Department of Biotechnology, Lund 
University, Sweden; natalia.beloglazova@ugent.be; sarah.desaeger@ugent.be 
 
Many situations require continuous sampling and monitoring of target compounds in rivers and 
streams where response time is crucial. Depending on the public health risk, quick action might be 
required. The International Federation of Pharmaceutical Manufacturers and Associations (IFPMA, 
2011) described the release of bioactive compounds from pharmaceutical industries causing severe 
problems. Release of antibiotics has contributed to the creation of multi-resistant bacteria. To monitor 
these kind of threats, a robust, stand-alone, and preferably cheap solution is needed. Therefore, a 
sensing unit which can be submerged in a river to monitor and continuously sample selected 
substances of interest should be developed. Moreover, it should operate independently over a longer 
period of time, e.g., several weeks or months. Therefore, we have developed an affinity sensor based 
on capacitive transduction that would be able to perform as sensing device in such unit. The 
capacitive sensor has proven its capability to detect HIV-1 p24 antigen [1] and cholera toxin [2]. 
However, for the first time, molecularly imprinted polymers (MIPs) were used as recognition elements. 
Their robustness allows application in environments for which biological recognition elements are 
unsuitable or denature. They can be reused multiple times, which is essential to meet the stand-alone 
requirement. 
 
A two-step approach was used to produce a sensor towards metergoline as model compound. 
Submicron spherical molecularly imprinted polymers (0.2-0.7 µm), were obtained through



52  RME2015  
  20 - 22 April 2015, the Netherlands 

emulsionpolymerisation and subsequently coupled to the sensor surface by electropolymerisation. 
This way, a robust sensor was obtained which regenerated spontaneously, and to a full extent, under 
the conditions naturally imposed in a river (Figure 1). Metergoline could be measured in water without 
manipulation of the binding or regeneration conditions, thereby offering a viable tool for on-site 
application (Figure 2). The dotted line indicates the baseline level when no analyte is bound to the 
functionalised sensor surface. Analyte binding caused a capacitance change which was assessed with 
a constant current pulse to the sensor transducer, described by Erlandsson et al. [3]. The limit of 
detection was 1 µM and a working range from 1-50 µM, the maximum solubility in aqueous solvent, 
was established. The presented work has been published recently [4]. 
 

  

Figure 1. Capacitive response (nF) plotted towards time 
(minutes): capacitance of an (○) MIP and (●) NIP 
functionalized electrode, and (∆) the difference between 
both. The arrow indicates the specific binding of 
metergoline. 

Figure 2. Differences between capacitance changes (nF) of an 
MIP and NIP functionalized electrode plotted in function of time 
(minutes) for increasing metergoline. 
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Biofunctionalised nanoparticles for fluorescence and scattering based sensing   
 
Paul Millner 
 
School of Biomedical Sciences University of Leeds, UK; p.a.millner@leeds.ac.uk 
 
Nanoparticles offer a solid framework for the containment of a variety of molecules, including 
fluorescent and other optical tags; they can also be used as delivery vehicles for drugs and other small 
molecules. Subsequently, attachment of an ‘address label’ then allows them to be targeted for imaging 
and sensing applications. The address labels used are many-fold with antibodies being commonly 
employed [1]. However, artificial affinity proteins [2], hormone receptor proteins [3] and a host of other 
molecules can be used to provide specific targeting information. An important consideration here is the 
minimisation of non-specific interaction between the nanoparticle and its target tissue. In the case of 
anti CEA targeted fluorescent nanoparticles to colorectal cancer tissue, correct attachment of the 
antibody via a functional PAMAM dendrimer [1] was necessary to deliver specific attachment of the 
particles.   
 
In addition to imaging or visualisation of a target, then fluorescent particles might be used to directly 
measure the quantity of an analyte, via quenching of the fluor upon binding of the analyte to a specific 
affinity tag such as an antibody. A single reagent assay will be described based on the effects of 
binding of an analyte (myoglobin) to a functionalised rare earth supramolecular (Y/Yb/Er) composite 
nanoparticle; preliminary data seem to indicate that the ligand binding itself can lead to quenching of
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the emitted fluorescence. Finally, the nanoscale properties of nanoparticles themselves can be used 
to quantify analytes in a totally labeless assay that relies on the size shift of nanoparticle aggregates 
upon analyte binding. The advantage of such as assay for either quantification or screening purposes 
is that the no fluorescent tag is involved and the analyte and its receptor are totally native. Light 
scattering by nanoscale objects shows a strong dependency on particle size and is proportional to r6, 
where r is the hydrodynamic radius of the particle. Accordingly even quite small shifts in particle size 
can give rise to detectable changes in dynamic light scattering. The development of a novel assay 
system will be described where binding, or unbinding, of a ligand to its receptor immobilised on a 
nanoparticle surface causes a size upshift or down shift of particle size. Examples will be presented of 
protein/DNA interaction; protein/protein interaction and protein/small molecule (pesticide) interaction 
and the potential use of these assay formats. 
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On-line rapid diagnostics for environmental applications 
 
Adama Marie Sesay 
 
Centre for Measurement and Information Systems (CEMIS-Oulu), Kajaani University Consortium, 
University of Oulu, Finland; adama.sesay@oulu.fi 
 
According to EU regulations industries must be aware of the quality of their wastewaters that they 
discharge. This includes knowledge on elements or compounds whose environmental release is 
limited or forbidden by the EU. The aim of this presentation is to introduce some research efforts at the 
University of Oulu in developing cost-effective rapid monitoring methods for toxic compounds and 
metal ions from industrial waste waters and harmful substances from municipal waste waters and 
natural waters. Several monitoring methods based on optical spectroscopy and chemical/biochemical 
electrochemical sensing technology are currently being developed and evaluated for 
commercialisation. 
 
An on-line optical measurement method based on optical parameters (transmission, fluorescence, 
scattering and reflection) is being developed for monitoring process waters and/or waste waters. The 
basic measurement system consist of sample/rinsing lines, flow cell and measurement devices. The 
sample is guided by pumps through the measurement system and afterwards back to the process or 
waste. The operation of the system can be monitored on-line by wireless data transfer. The 
measurements of different optical parameters, several of them as spectrum data, give valuable 
information of the process by taking samples from one or several points in the process. It is also 
possible to customise the system according to the process and needs. An adaptable electrochemical 
sensing platform is also being developed where several developed and optimised electrochemical/ 
biochemical sensors (e.g., Cu2+, Ni2+, Pb+, SO2-4) can be integrated for online or at source 
monitoring. The advantage of this sensor monitoring approach is the customised speed, sensitivity 
and selectivity it can offer. These techniques can be applied economically to produce environmental 
analyses and impact studies for customised processes and environmental needs. 
 
 

Combination of cell culture assays, analytical chemistry and proteomics to 
assess the sub-emetic toxicity of bacterial toxins 
 
Andreja Rajkovic 
 
Laboratory of Food Microbiology and Food Preservation, Department of Food Safety and Food 
Quality, Ghent University, Belgium and Department of Food Safety and Food Quality Management, 
Faculty of Agriculture, University of Belgrade, Serbia; andreja.rajkovic@ugent.be 
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Bacterial protein toxins constitute an important part of the virulence factors that mediate the harmful 
effects of pathogenic bacteria. They have a target in many different compartments of eukaryotic cells 
and have an impressive variety of mechanisms of action. Mycotoxins are a large family of different 
molecules produced as secondary metabolites by number of fungal species. Peptide mycotoxins 
belong to a group of emerging toxins with several crucial biological properties related to their 
ionophoric character. In this way, these (myco)toxins are highly similar to some of the emerging 
bacterial toxins. The bacterial toxin, cereulide (CER), and mycotoxins beauvericin (BEA) and enniatins 
(ENN) have been selected in the current study because of their emerging character, public health 
relevance, stability, omnipresence of respective microorganisms (food and environment), possible 
accumulation in the body due to lipophilic character, and similarity in the chemical nature 
(cyclodepsipetides). While acute doses caused large number of documented food poisonings the 
remaining question of scientific, public health and industrial importance is the prevalence and the 
effect of sub(acute) doses. This is currently an unknown factor in food safety. Moreover, the 
cumulative exposure to these sub(acute) doses can lead to their accumulation and (sub)chronic 
damages to human health. Quantification and characterisation of these effects could provide 
information necessary for proper prevention and intervention in human health protection. For this 
purpose a multidisciplinary approach based on cell culture assays was used. Mitochondria are 
demonstrated target of toxicity for microbial depsipeptides toxins cereulide (CER, emetic toxin of 
Bacillus cereus), beauvericin (BEA, mycotoxin produced by various Fusarium species) and 
valinomycin (VAL, antibiotic produced by several Streptomyces strains). The effects of sub(clinical) 
doses and cumulative exposure to the sub(clinical) doses of these lipophilic depsipeptides are 
currently unknown. The objective of the study was to comprehend mitochondrial toxicity endpoints by 
performing functional mitochondrial measurements to understand impact of CER, BEA and VAL on 
cellular activation, proliferation, differentiation and dysfunction. 
 
Caco-2 cell line was used to study the toxicity of low doses of CER, VAL and BEA. The toxicity was 
measured using XF24 Extracellular Flux Analyzer (Seahorse, Bioscience) that is able to 
simultaneously investigate mitochondrial respiration and glycolysis. The measurements were 
performed in a microplate, in real-time. The XF24 Analyzer determines in vitro oxygen consumption 
rate (OCR) and extracellular acidification rate (ECAR), in order to assess cellular functions, such as 
oxidative phosphorylation, glycolysis and fatty acid oxidation. Other tests were performed, including 
standard MTT and SRB assays, to measure the mitochondrial activity and cellular protein content, 
respectively. An additional toxicity evaluation was done using a computer-aided boar semen bio-assay 
in which the effect of tested concentrations of toxins (verified by HPLC-MS) on boar semen motility 
was evaluated in semi-quantitative manner. 
 
The key findings indicate toxin-concentration dependent effect, which ranges from biogenesis to 
toxicity. Different toxins had different levels of toxicity. The medium toxicity was observed with VAL. 
The increase in oxygen consumption rate and modulated extracellular acidification rate in response to 
sub(clinical) doses of VAL and sharp decrease at (supra)clinical doses were noticed indicating two 
opposite responses of Caco-2 cells. Treated cells (exposed to different concentrations of toxins) 
exhibited more sensitive reaction to mitochondrial uncoupling agents, respiration and phosphorylation 
inhibitors. Extended, three weeks exposure to low doses of VAL (10-20 ng/ml), had an influence on 
the effect of later acute exposure to higher concentrations (20-200 ng/ml) of VAL as indicated by 
changed OCAR and ECAR patterns. However, this effect needs further evaluation as both the 
duration of exposure and the concentration of toxin had impact on the observed behaviour of cells. 
 
Our previous work showed that in differentiated Caco-2 cells most of the altered proteins, upon 
exposure to low doses of CER, correspond with defense mechanisms of the cell towards toxic 
compounds, including TPI1, ApoA1, PGK1, cathepsin D preprotein, LDH, GST, Prdx and Rho-GDI. 
Further functional and proteomic investigation should be done to evaluate changes in differential 
protein expression, which is behind differences in observed cellular metabolism. 
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DECATHLON – Development of Cost efficient Advanced DNA-based methods 
for specific Traceability issues and High Level On-site applicatioNs 
 
Esther Kok 
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The DECATHLON project brings together a broad range of experts and expertise to jointly work on the 
development of new or improved methods that are needed in the field of (i) food pathogens, (ii) 
traceability of GMOs, and (iii) customs issues. The project develops advanced methods for all three 
application areas with method characteristics that meet the requirements of the individual areas. Field-
related technical expertise will provide insight into the current, most relevant bottlenecks in the fields of 
application. Furthermore, DECATHLON develops and applies minimal performance parameters 
(MPPs) for DNA extraction, isothermal amplification, different PCR-based approaches and next-
generation sequencing (NGS) with emphasis on cost efficiency. Similarly, DECATHLON focuses on 
on-site applicability and equivalence to current standard approaches. 
 
This presentation will provide the overview of the DECATHLON project and how the project aims, in 
cooperation with all relevant stakeholders, at the demonstration of improved performance of the 
available methods for selected applications as well as a road map for future applications that will 
benefit from the developed methodologies and validated methods.  
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Since the advent of real-time PCR in the early 90th of the last century, it has become an established 
and generally accepted method for the detection of GMOs and pathogens, for species identification 
and other purposes. Alternative and/or supplemental methods, such as digital PCR (droplet digital 
PCR (ddPCR), chip digital PCR (cdPCR), 3D digital PCR), next generation sequencing (NGS) and 
isothermal amplification, are alternative and/or supplemental methods that are well known, but they 
are not yet as widely distributed as real-time PCR. In the DECATHLON project, these DNA-based 
methods are explored and evaluated for their application in three different sectors: identification of 
food pathogens, traceability of GMOs and custom issues, including tobacco-related issues as well as 
the detection and identification of endangered plant and animal species. 
 
In the DECATHLON project, advanced DNA-based molecular analytical and bioinformatics knowledge 
is compiled from the three sectors mentioned. Basic knowledge is exchanged between these sectors, 
for instance related to fundamental characteristics of the upcoming technologies. In addition to this, 
basic characteristics of available and upcoming NGS platforms are discussed and assessed in terms 
of applicability, available software solutions and cost-effectiveness. Innovative and dedicated 
strategies and related NGS data analysis pipelines are required for all three sectors. There is both 
significant potential for cross sectorial collaboration and intra sectorial specialisation in the design and 
application of pipelines. 
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The key role of the mission control work package ‘Advanced knowledge center’ is to acknowledge the 
real challenges and potentials, to maximise the cross-talk and information exchange, as well as to 
coordinate the developmental work in terms of focused improvements of the relevant technical 
protocols. In close cooperation with other work packages within the DECATHLON project, methods 
are selected to be developed and validated. This central work package brings together all technical 
and bioinformatics expertise within the consortium in the field of the techniques mentioned above, and 
develops basic protocols to solve the issues as defined by the stakeholders in the different areas of 
application.  
 
This section will present recent technical achievements applying different innovative methodologies, 
targeted strategies and, where applicable, dedicated NGS data analysis modules to answer identified 
stakeholders’ issues in the three areas of the DECATHLON project. 
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There is an increasing need for on-site applications of DNA-based methods, both for inspection 
services by public authorities as well as for companies that wish to monitor their supply chain. The 
capability to apply DNA-based methods in the field or at ‘point-of-use’ is critical where centralised 
laboratories are inadequate to meet the demand of prompt answers for early intervention. The 
application fields addressed by DECATHLON are food analysis with specific emphasis on pathogen 
detection for food safety, GMO identification and customs issues. In recent years, much progress has 
been made in the development of different types of on-site devices that can accommodate DNA-based 
methods. Within the DECATHLON project, two primary approaches for on-site use of DNA-based 
methods are developed in parallel: (i) sample preparation and nucleic acid identification using a 
centrifugal microfluidic platform, and (ii) development of a novel graphene nanogap sensor for next 
generation sequencing. 
 
Centrifugal platform 
The centrifugal microfluidic platform is of increasing interest in the microfluidics community, particularly 
for low-cost, rugged point-of-use applications, such as medical diagnostics and environmental 
monitoring. This lab-on-a-disc (LoaD) concept uses the rotationally induced inertial field to pump and 
manipulate on-board liquids, e.g., for sample preparation and reagent management. The actuation by 
a simple spindle motor can be implemented by low complexity instrumentation without the need for 
error-prone fluidic interfaces. Here, we present early work towards a ‘sample-to-answer’ cartridge for 
DNA-based detection of pathogens in food. This cartridge will wash a sample (pre-lysed and 
concentrated off-chip) through silica beads to purify DNA. This purified DNA will then be eluted and 
discretised into up to 12 individual wells to enable spatial multiplex analysis of samples. In a flow 
control scheme providing LAMP reagents and primers, this disc cartridge is intended to address 12 
different gene targets towards identification of Shiga toxin-producing E. coli (STEC) serotypes. Our 
approach enables a fully automated, closed process to be implemented at both ‘point-of-use’ and in 
the laboratory. Compared with fluorescent multiplexing, spatial multiplexing greatly simplifies the 
reagent management and instrumentation for fluorescence detection common in nucleic acid testing 
protocols.  
 
Graphene based sensors 
DNA sequencing is very rapidly growing into an industry of major interest. A variety of techniques 
exist, each with their own pros and cons. The use of nanopores – nanoscale holes in a membrane – 
for DNA sequencing was proposed more than 20 years ago. The idea is straightforward: pass a DNA 
molecule through the pore from head to tail, and read off each base when it is located at the narrowest 
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constriction of the pore, using the ion current passing through the pore as the probe for detecting the 
identity of the base. While biological pores were investigated for quite some time, solid-state 
nanopores are now emerging. They have tunable pore size, are more stable than biological 
membranes, offer re-usability upon cleaning, and allow for scaling and device integration. But DNA 
sequencing has so far not been demonstrated with these devices: conventional silicon-based 
nanopore membranes are relatively thick, typically ~30 nm corresponding to ~60 bases along a single-
stranded DNA molecule. While solid-state nanopores are excellent new tools for biophysical 
studies, they are therefore not directly useful as-is in DNA sequencing applications. Recently, 
however, graphene nanopores were introduced. Graphene forms the ultimate nanopore membrane 
since it is a carbon sheet with a thickness of only a single atom. Furthermore, it is electrically 
conductive, which opens up new modalities of measuring the traversing nucleotides, for example by 
running a tunneling current through the DNA molecule that is traversing a graphene gap, to directly 
probe the chemical nature of the bases. 
  
In this talk, we will describe our latest work on studying DNA using graphene nanopores to ultimately 
design nanogaps. We will also highlight what we think are the most important chemical and physical 
questions to answer in the next few years in this field where graphene is used for biomolecular 
detection and sequencing. 
 
Acknowledgements 
This work is funded by Grant No. FP7-KBBE-2013-7-613908-Decathlon under the Seventh 
Framework Programme. 
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Despite recent advances in food pathogen detection, many challenges exist that require further 
improvements, e.g., (i) sample processing and DNA extraction, (ii) implementation of multi-detection 
approaches and (iii) improved on-site detection tools. In addition, the use of whole bacterial genome 
sequences and next generation sequencing approaches has to be optimised to improve 
comprehensive risk assessment. Currently, detection methods in food bacteriology involve at least 
one enrichment step that may include different selective agents, cultivation times and temperatures as 
well as atmosphere combinations. Therefore, one of the great challenges is to reduce or optimise 
these enrichment steps and to optimise DNA extraction while retaining the sensitivity of the pathogen 
detection. To achieve this, large sample sizes are preferable, which requires fully optimised DNA 
extraction protocols to compensate for the often low number of contaminating food pathogens and 
their heterogeneous distribution in large samples.  
 
To tackle these questions, we use enterohemorrhagic E. coli (EHEC) as a model and aim at 
optimising sample preparation and DNA extraction approaches for the detection and typing of EHEC 
from different food matrices such as meat, fresh produce and water. Furthermore, we develop LAMP 
assays to detect and discriminate between the main discriminative EHEC markers stx and eae. These 
fast and simple methods that are easy to perform outside of laboratories using small and portable 
apparatus can significantly improve the identification of the EHEC strains involved. The wealth of 
publicly available E. coli genome sequence data can be used for comparative genomic analyses of 
EHEC, with the aim to identify novel discriminative biomarkers for improved detection and typing of E. 
coli variants. We thus perform whole genome sequence comparisons of EHEC and related 
enterobacteria to identify discriminative genomic regions of EHEC variants associated with human 
disease. These results will be translated into the development of new, sensitive PCR- or NGS-based 
approaches for EHEC detection and characterization. Our results and the approaches developed are 
transferable and can improve detection and typing tools for other food pathogens and other harmful 
organisms. 
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The current golden standard for detection and quantification of genetically modified organisms 
(GMOs) is event specific simplex real-time PCR (qPCR). This approach has several limitations. First of 
all, it is not very cost-effective given the steadily increasing number of GMOs in food and feed 
production. Secondly, quantification of GMOs reliably at a level of lower than 0.1% is sometimes 
required, e.g., in current European GMO legislation, but this is not always possible with qPCR. A third 
limitation is the inability to detect unknown targets, which is of increasing importance for the detection 
and identification of unauthorised GMOs (UGMOs). A number of alternative approaches to cope with 
these limitations are currently being explored in the DECATHLON project. Firstly, increased 
multiplexing has the potential to improve cost-efficiency. Secondly, the accuracy of qPCR is highly 
vulnerable to presence of partially inhibiting impurities in DNA extracted and purified from the samples. 
Use of technologies less sensitive to such impurities has the potential to improve quantitative accuracy 
also at very low concentrations. And finally, the combination of various NGS approaches with smart 
bioinformatics has the potential to increase the capacity to detect and identify UGMOs. Here, we will 
present some recent results of the ongoing research and development in DECATHLON to illustrate 
the potential and discuss the expected impact on GMO detection in the near future. 
 
Droplet digital PCR (ddPCR) is a new, promising technique for quantification of DNA targets, 
demonstrating similar characteristics, such as LOD, as real-time PCR, but without the need of a 
calibration curve. The results of a small scale inter-laboratory transferability study of a duplex system, 
endogenous and GM target, will be shown. A further increase in cost-effectiveness will be shown by 
presenting data on the development of optimised multiplex ddPCR methods. One of the methods 
combines two multiplex ddPCR assays for quantification of all EU-authorised maize events in two 
reactions. Another multiplex ddPCR method combines a real-time PCR GMO screening with a ddPCR 
multiplex quantification. The screening will constrict the number of GMO events probably present in a 
given sample, and the ddPCR method will subsequently quantify the total amount of exactly those 
GMO events. A pilot study for tNOS-positive maize events will be shown. Additional data based on 
3D-PCR will also be presented. 
 
The most cost-effective way, in theory, of employing NGS in GMO detection at the moment is by 
identification of enriched targets. Sequencing of a selection of known fragments is expected to 
improve cost-effectiveness of screening methods. This approach will first focus on sample preparation 
and the selection of the optimal NGS platform for this purpose. The largest progress in cost-
effectiveness will be made by multiplex selection for unknown sequences and NGS. The combination 
of a multiplex genewalking strategy with NGS analysis should allow the development of a highly 
informative GMO detection method. Ideally, the genewalking should cover all relevant known GM 
elements, while the NGS analysis should be able to generate long reads in order to avoid assembly 
artefacts. Such a method should in theory be able to identify most, if not all of the GMO content in a 
given sample, including UGMOs. Theoretical and practical data will be presented leading to the most 
adequate method for (multiplex) genewalking.  
 
Whole genome or transcriptome (re)-sequencing is currently the most potent option for identification of 
GMOs that do not contain any previously known GMO elements. This approach requires a 
combination of high sequence coverage and access to a known and annotated wild-type genome for 
the host species. By in silico subtraction of sequence data that match the non-GM reference genome, 
such an approach would yield a subset of the sequence data that can be subjected to de novo 
assembly and successive further analysis to detect and characterise completely unknown inserts and
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insertion loci. The many potential genetic differences between sample and reference sequences will 
not only be related to genetic modifications but also to natural genetic variation. Data will be shown on 
the development of an initial module for a data analysis pipeline based on a theoretical approach on 
available GMO genomic sequence datasets as well as simulated data based on available genomic 
data combined with known GMO sequence information.  
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The DECATHLON work package 5 is dedicated to customs issues. An initial inventory identified the 
most relevant issues within Europe that require the development of focused DNA-based methods. 
The issues included in the DECATHLON project WP5 are related to tobacco- and endangered species 
identification. GMOs are also considered as relevant for customs laboratories, but this issue is already 
covered by another work package within the DECATHLON project. 
 
In a number of EU countries, there is a huge difference between excise duties for cigarettes and 
cigars. Based on the composition of the outer wrapper of a cigarillo (reconstituted tobacco), it will be 
classified either as cigar or as cigarette. The aim is to develop a tobacco specific (LAMP) PCR, to 
facilitate tariff classification of cigars/cigarillos and cigarettes. Secondly, EU customs administration 
encounters a huge challenge in its fight against smuggling and illegal retail sale of cigarettes. To 
support these efforts, customs laboratories need to have methods to identify the origin of counterfeit 
cigarettes and/or to determine whether two (or more) seizures of smuggled cigarettes match. Tobacco 
DNA profiling methods will be developed and evaluated as fit for purpose. The third issue is related to 
the identification of endangered species. Worldwide, legal trade in endangered species is regulated by 
a permit system linked to the CITES convention (1973). Besides the regulated legal trade, a significant 
portion of the trade in endangered flora and fauna is illegal. Enforcement is mainly focused at EU 
borders, where illegally imported products, plants or animals will be seized by customs and CITES 
authorities. In cases where species determination by eye is not possible, identification analysis is 
required. A DNA barcoding strategy combined with next generation sequencing is being developed as 
a tool to detect multiple ingredients in complex processed samples (food supplements, traditional 
medicines). 
 
This section will present both the initial results in terms of targeted method development as well as the 
route towards advanced strategies to meet the method requirements as have been set by the primary 
stakeholders, i.e. the European customs laboratories. 
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The hammer and the nail in method development, validation and application 
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Perfect carpentry requires a skilled carpenter. Any skilled carpenter would acknowledge both the 
importance of own performance and the relevance of selecting the right hammer and nail for a given 
purpose. Optimal design, choice and application of tools should also be the goal for developers and 
users of molecular analytical methods. The skills and tools of the carpenter can be applied to, e.g., 
construction of furniture, playing grounds for children or building of houses. In other words, the 
applications are many, even though the number of tools is limited. Should the same not be true for 
molecular analytical skills and tools? 
 
The use of molecular analytical methods across diverse sectors has exploded over the last decades. 
Yet, across sectors there is limited recognition of the similarities between methods and applications, 
and a lack of clear and harmonised criteria to define whether methods are reliable (of high quality) or 
not. Numerous methods published in scientific journals were developed with very limited pre-defined 
performance goals, e.g., some degree of specificity. Many methods used routinely for various 
purposes have not been properly validated. This may be due to lack of pre-defined performance 
thresholds, limited recognition of the importance of validation, or lack of resources. The result is 
potential waste of resources, development of inferior methods or even worse, routine application of 
methods that are not reliable. The surprisingly little inter- and intra-sectorial dialogue concerning 
performance criteria is hampering optimal use of skills and tools. Molecular analytical techniques are 
frequently almost identical from a technical point of view, with exception for sample preparation and 
nucleic acid extraction and purification that are typically matrix dependent. 
 
One of the main activities of the DECATHLON project is to establish minimum performance 
parameters (MPPs) for molecular analytical methods with cross sectorial applicability, covering nucleic 
acid extraction, nucleic acid amplification and next generation sequencing. An MPP is an identified, 
necessary checkpoint for an analytical method. An associated acceptance value (AAV) is the critical 
(minimum threshold) value for a specific MPP that the performance must comply with. MPPs are 
applicable at all stages in the life history of the analytical method: development, validation and routine 
application, although the relevance of a given MPP is stage and purpose dependent. Properly defined 
MPPs and AAVs can aid method developers to set sufficient but not overambitious goals. It is possible 
to develop a method without consideration of MPP and AAV, and then assess its performance. This, 
however, can reduce the chance of developing a method that is fit for successive use. Validation of a 
method is in fact benchmarking against MPPs and AAVs that must be set prior to the method 
validation. Failure to meet the AAV for a specific MPP means that the method is underperforming on 
this particular quality criterion and therefore invalid. And during routine application of a method there 
are also particular MPPs and AAVs that can be used to verify that the method is performing as 
required and expected, thus serving as quality control and quality assurance parameters.  
 
Cross sectorial and properly defined MPPs and AAVs are expected to increase the general quality of 
molecular analytical tools and lead to faster replacement of underperforming methods with better 
methods. The prioritisation of MPPs can be purpose dependent. AAVs sometimes have to be sector or 
even application specific, e.g., due to specific legislation or purpose. The technologies and their MPPs 
and AAVs are the analogues to hammers (function) and nails with shapes, materials and sizes 
defined. The analyst’s skills define the capacity to select and use the right tools for the purpose. A first 
set of MPPs and AAVs were prepared by the project partners late in 2014. These can be downloaded 
from the project website (www.decathlon-project.eu). Achieving MPPs truly applicable across sectors 
depends on efficient cross sectorial stakeholder dialogue. We therefore invite interested stakeholders 
to enter the dialogue, in particular those who represent sectors not already well represented in 
DECATHLON. Feedback and proposals for the amendments can be communicated via the project 
website. There is a lot to contribute and we have a lot to learn. Evidently, there is a lot in it for all users 
of molecular analytical methods. 
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The preparation of a final, amended and expanded set of MPPs with AAVs to be launched late in 2016 
is ongoing. At RME2015, we will present the status of these efforts, and give some real-life examples of 
the practical application of the MPPs and AAVs. 
 
Acknowledgements 
Financial contribution from the European Commission (contract no. FP7-KBBE-2013-7-613908), 
China National Transgenic Plant Special Fund (2014ZX08012-002), the Norwegian Research Council, 
the Dutch Ministry of Economic Affairs, and the Slovenian Research Agency (contract P4-0165).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



62  RME2015  
  20 - 22 April 2015, the Netherlands 

WEDNESDAY 22 APRIL 2015 
 
FINAL PLENARY MEETING: A GLIMPSE INTO THE PROMISE OF FUTURE DEVELOPMENTS 
 
 

Biomimetic virus-based colourimetric sensors 
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Many nanostructured materials in nature can rapidly change colours in response to external stimuli, 
making them attractive for use as sensors platforms. However, both natural materials and their 
synthetic analogues lack selectivity towards specific chemicals and introducing such selectivity in a 
simple manner remains a major challenge. Inspired by the collagen bundle structures which generate 
coloured skins in certain birds and mammals, we developed colourimetric sensors to selectively detect 
diverse target chemicals. Exploiting the advantageous structural features of genetically engineered 
viruses (M13 phage), we self-assembled sensing matrices composed of quasi-ordered phage bundles 
that exhibit viewing-angle independent colours. The resulting phage matrices are rapidly swelled upon 
exposure to various volatile organic chemicals, resulting in distinct colour changes. Furthermore, after 
evolutionary selection from a phage library, sensing matrices composed of phage displaying 
trinitrotoluene (TNT) binding motifs were fabricated that can selectively distinguish TNT down to 300 
ppb over similarly structured chemicals. Our facile and inexpensive synthesis of tunable, colourimetric 
sensing matrices can be useful for the detection of a wide variety of harmful toxicants and pathogens 
to protect human health and national security. 
 
 

The centrifugal microfluidic ‘lab-on-a-disc’ technology as a robust and versatile 
sample-to-answer platform for decentralised bioanalytical applications 
 
Jens Ducrée 
 
School of Physical Sciences, Dublin City University, Ireland; jens.ducree@dcu.ie 
 
Microfluidic lab-on-a-disc technologies have seen a dynamic surge of activities led by academia and 
industry over the last two decades. By now these centrifugal microfluidic systems are commonly seen 
as a promising candidates for high-level process integration and automation towards bioanalytical 
point-of-use platforms for a host of  applications such as in vitro diagnostics, bioprocess engineering, 
safety,  environmental and food monitoring. There is also an increasing number of such lab-on-a-disc 
technologies bearing the promise to leverage new life-science research. 
 
This presentation will briefly outline the basics of centrifugal microfluidics before demonstrating a 
range of laboratory unit operations (LUOs), such as metering, mixing/reacting, reagent storage, 
diluting, plasma extraction as well as cell handling and analysis on a collective and individual level. For 
enabling advanced process integration, including on-disc multi-liquid handling and reagent storage, a 
repertoire of novel valving schemes will be introduced. The combination of the comprehensive toolbox 
of LUOs, high-performance flow control and advanced detection technologies will pave the road 
towards widely autonomous, multi-purpose and still commercially viable sample-to-answer platforms 
carrying out a range of test formats such as immunoassays, molecular diagnostics and cell counting in 
decentralised settings. 
 
 

Programmable biomimetic materials and systems for organ-on-chip devices 
 
Pascal Jonkheijm 

 

Bioinspired Molecular Engineering Laboratory, Mesa+ Institute for Nanotechnology, University of 
Twente, the Netherlands; p.jonkheijm@utwente.nl 
 
Supramolecular chemistry provide nowadays an excellent prospect to construct reversible biological 
interfaces that can be employed for supramolecular cell manipulation experiments [1]. Making use of 
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supramolecular chemistry is rewarding to develop functional materials and devices. Knowing the 
limitations involved in ordering proteins at different length scales will surely hasten developing future 
applications, supramolecular bionanotechnology being the most prominent. The construction of 
synthetic supramolecular assemblies of proteins provides an excellent tool to fabricate organised 
bioactive components at surfaces. I will present new synthetic procedures for site-specific noncovalent 
anchoring of proteins to surfaces and polymers [2-5]. Special attention is paid to orientational and 
conformational aspects at the surface and will be demonstrated. Using concepts of multivalency the 
interactions between proteins and surfaces can be modulated by design. Many of the protein 
complexes were patterned on surfaces using microcontact printing or nanolithography and visualised 
using fluorescence microscopy [6]. Furthermore, supramolecular linkers that are sensitive to remote 
electrochemical stimuli will be presented, using cucurbituril (CB) [2] and cyclodextrin (CD)-modified 
surfaces [4]. Electrochemical switching was studied using surface embedded electrodes [7]. Cell 
release was studied in detail in the case of cell-adhesive peptides and growth factors [7,8]. Lastly, 
supramolecular linkers were compared to reversible covalent linkers, using imine chemistry, providing 
insight in the cell receptor signalling pathway [8]. With the development of reversible bioactive 
platforms on surfaces serving as a reversible dynamic interfaces to cells, improved scaffolds for tissue 
regeneration will become in hand. First steps into this directions will be introduced as well.  
 

 
Figure 1. Supramolecular platform for cell adhesion employing 
host-guest chemistry suitable for electro-responsive cell manipulation. 
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P1 

Rapid lateral flow test for detection of Dickeya sp., causative agent of 
‘agressive rot’ in hyacinth bulbs 
 
J. Wichers1, P. Vreeburg2, K. Pham2 and Aart van Amerongen1 
1Biomolecular Sensing & Diagnostics, Wageningen UR and Business Unit Flower Bulbs, Nursery 
Stock and Fruit, Applied Plant Research, Wageningen UR, the Netherlands; 
aart.vanamerongen@wur.nl 
 
The crop hyacinth has to cope with some major challenges in order to maintain its quality and to keep 
the market stable. Infection by Dickeya creates a lot of damage in the sector annually. Dickeya 
bacteria cause bulbs to rot completely. In the case of hyacinth rot two types of bacteria might be 
involved, Dickeya (‘agressive rot’) or Pectobacterium (‘white rot’), which in terms of control and extent 
of damage, differ substantially from each other. Visually, distinction between Dickeya and 
Pectobacterium, is often impossible. At the moment, a labour intensive and expensive laboratory 
PCR test is required for a good distinction between the two. To support farmers and inspection 
services in early and correct diagnosis of diseased bulbs, we developed a rapid method that is based 
on the well-known lateral flow immunoassay principle. In the test a specific polyclonal antiserum 
specifically directed against the pathogenic Dickeya cells was used both as capture ligand on the 
nitrocellulose membrane and as detection ligand immunobilised on the surface of carbon 
nanoparticles. A prototype of the serological test was developed and optimised for performance with 
extracts of hyacinth bulb tissue material. The test showed good results in initial experiments. In 
preliminary validation experiments, performance characteristics of the newly developed rapid lateral 
flow test were compared with results obtained with PCR as the ‘gold standard’. It is shown that the 
lateral flow test is not only fast (results within one hour) but also reliable and, therefore, offers a good 
alternative to the PCR test. The availability of rapid tests for Dickeya may initiate the development of 
rapid tests for other pathogens in flower bulbs as well. Since 2015, Wageningen UR, Applied Plant 
Research in Lisse, offers the new test for interested hyacinth growers. Acknowledgements. This 
work was funded by hyacinth growers. 
 
P2 

New rapid and multi-analyte microarray diagnostic platforms 
 
Aart van Amerongen, T. Posthuma-Trumpie, A. Moers and M. Koets 

Biomolecular Sensing & Diagnostics, Wageningen UR, the Netherlands; aart.vanamerongen@wur.nl 
 
We have been developing several multi-analyte diagnostic platforms such as the lateral flow 
microarray immunoassay and the microarray-ELISA. The rapid point-of-care lateral flow microarray 
immunoassay (LMIA) platform generally consists of 25 assay spots. Performing duplo measurements 
up to 8 different antigens can be detected within 15 minutes. In the novel ELISA platform multi-
analyte microarray detection is performed in the wells of ELISA plates. In each well an array of 64 
spots is printed. In a single sample up to 25 different antigens can be detected simultaneously using 
a platform that already have been used for decades in a fully automated way. The final step, i.e., data 
recording and processing, is done with a digital image reader that takes and analyses images of each 
well, the full plate within 5 minutes. Proteins (antibodies, enzymes and other capture compounds) are 
sprayed (microliters, CAMAG Linomat 4) or inkjet printed (picoliters, Scienion sciFLEXARRAYER S3) 
on a variety of surfaces. The diagnostic platforms will be illustrated by showing the following model 
applications: the simultaneous detection of genes coding for virulence factors from Escherichia coli 
O157, the species identification of the malaria (Plasmodium) parasite and the detection of mastitis-
causing pathogens. Acknowledgements. This work was partly funded by the Wageningen UR 
Kennisbasis cluster KB-17 ‘New technologies’, theme 002.02 ‘Diagnostics and biosensors’, project 
003 ‘Miniaturised, multi-analyte and on-site diagnostic platforms’. 
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DNA metabarcoding for plant species identification and quantification in 
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Alexandre Angers-Loustau, M. Petrillo, V. Paracchini, D. Kagkli, P. Rischitor, A. Patak and M. Querci 
Institute for Health and Consumer Protection (IHCP), European Commission Joint Research Centre, 
Italy; alexandre.angers@ec.europa.eu 
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Species identification is highly relevant for numerous research fields, such as taxonomy, 
epidemiology, forensics, archaeology, ecology, food safety, microbiology, biotechnology and health. In 
all of them, one of the big challenges has been to develop fast, accurate and reliable methods for the 
detection and identification of species. DNA, because of its relative high stability, is in many cases the 
best suitable target, and DNA-barcoding is a promising approach to exploit this target. It relies on the 
amplification of specific DNA sequences chosen for their taxonomic value, i.e., the fact that these 
regions are different enough so that unique sequences can be assigned to specific species, 
sometimes even sub-species, while similar enough so that they can all be amplified with a single 
procedure.  For this reason, most metabarcoding experiments focus on genes found in the 
mitochondria or chloroplasts, such as cytochrome b (cytb) or matK. As the copy number of 
mitochondria in cells is highly variable, these approaches, even under the best of conditions, do not 
allow a quantification of the species identified. Because of this, efforts were made to use genomic 
DNA sequences as targets for the DNA barcode amplification, but most single-copy genes in the 
nuclear genome, as well as their introns, have been excluded because of the lack of universal primers 
for their amplification. In the current study, we developed a bioinformatics approach, applied on the 
whole genome sequences of 140 plants, to identify and extract sets of genomic sequences highly 
conserved across different species without a priori consideration of their nature or function. From 
these sequences, and using a separate bioinformatics pipeline, we designed a set of three primer 
pairs that was predicted, in combination with next generation sequencing (NGS), to be able to 
uniquely identify more than 100 individual plant species or varieties. The correctness of the 
bioinformatics approach was confirmed by NGS experiments, where the different species in simple 
and complex samples were correctly identified. The potential of this strategy to quantify the relative 
amounts of different species in mixed samples was also tested, and the results obtained are 
promising.  The potential of such an approach, results and applications are presented and discussed. 
 
P4 

Viability rt-PCR: a tool for live-dead discrimination of pathogenic Listeria from 
Listeria phage in cheese manufacture 
 
Marcia Armstrong, K. Wolf, S. Luley and R. Peist 
QIAGEN GmbH, Germany; marcia.armstrong@qiagen.com 
 
Viability rt-PCR (BLU-VTM, QIAGEN) uses the DNA masking compound propidium monoazide (PMA) 
to discriminate between DNA from living and dead cells. The dead cell DNA is rendered undetectable 
by rt-PCR through PMA exposure. Listeria phage is used in cheese manufacture to inhibit the growth 
of pathogenic Listeria. However, Listeria phage may be contaminated with non-viable Listeria DNA, 
with resulting poor discrimination between actual pathogen contamination and residual naked Listeria 
spp. DNA from phage production. The purpose of this study was to demonstrate the use of viability rt-
PCR to discriminate between living pathogenic Listeria and non-viable Listeria phage / Listeria DNA in 
a cheese production setting. Cheese that had been treated with a Listeria phage solution was used in 
this study. The Listeria phage inhibits the growth of L. monocytogenes on the cheese during 
manufacture and ageing. However, phage can contain naked Listeria DNA, which can interfere with 
the ability to accurately detect Listeria contamination. To test for the effect of PMA treatment on the 
detection of Listeria spp. in cheese treated with Listeria phage, cultures were grown in Listeria ONE 
Broth, 26 h at 30˚C.  QIAGEN QIAsymphony workflows were applied. Two studies were performed. 
One assessed the detection of Listeria spp. on uninoculated but phage treated cheese cultures with 
and without PMA treatment. The second study was performed with low level L. monocytogenes 
inoculation, with and without PMA treatment. In the uninoculated study, Listeria spp. were detected in 
4 cultures. PMA treatment completely masked the Listeria spp. signal. This suggests that there was 
naked Listeria DNA present in these cheese cultures, most likely derived from the Listeria phage 
solution applied to the cheese during manufacture. In the spiking study, Listeria spp. were detected in 
19 culture replicates. PMA treatment completely masked the rt-PCR signal in 6 of these and resulted 
in significant Ct shifts toward higher values in the other 12. PMA (viability rt-PCR) masked the signal 
from the Listeria phage DNA but did not decrease the detection rate of living L. monocytogenes cells. 
The phage was shown to inhibit the growth of L monocytogenes as expected. In conclusion, viability 
rt-PCR can be used to increase the power of rt-PCR in live-dead differentiation of pathogens in a 
number of settings of interest to the food industry. 
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P5 

Optimisation of a multi-mycotoxin quick test (membrane based flow-through 
immunoassay)  
 
K. Graniczkowska1, Natalia Beloglazova1, O. Averkieva2 and S. De Saeger1  
1Ghent University, Faculty of Pharmaceutical Sciences, Laboratory of Food Analysis, Ghent University 
and 2Nutriad, Belgium; natalia.beloglazova@ugent.be; kinga.graniczkowska@ugent.be 
  
Mycotoxins are natural, secondary metabolites, produced by fungi, e.g., Aspergillus, 
Penicillium, Fusarium, etc., growing on agricultural commodities on the field or during storage. 
Mycotoxins are hazardous for livestock as they can cause a wide range of diseases. Among the 
mycotoxins identified so far deoxynivalenol (DON), zearalenone (ZEN), ochratoxin A (OTA) and 
aflatoxin B1 (AFB1) receive a great attention as they are most common in cereals and pose a great 
threat to human and animal health. Selecting a suitable method for monitoring of mycotoxins in food 
and feed will, in many instances, depend on the final objective. When a large sample series has to be 
monitored for a group of toxins, sample throughput will be an important criterion, since time is of 
essence. In this regard, a screening method is preferred. In this work a multi-analyte flow-through 
immunoassay for rapid detection of 4 mycotoxins, i.e., DON, ZEN, OTA and AFB1, for different 
matrices, such as wheat, barley, soybean and maize, was designed. The principle of the test is based 
on a direct competitive enzyme immunoassay performed on a membrane. This assay format is an 
easy-in-realisation, sensitive and user-friendly screening tool, which supplies a qualitative result in 
around 30 min. A short analysis time was achieved, inter alia, through simple and quick method of 
sample extraction. This membrane-based immunoassay for rapid detection provides a simple and low-
cost alternative to laborious, expensive and time-consuming instrumental methods. The cut-off limits 
have been set on the following levels: 200 µg/kg for DON, 50 µg/kg for ZEN, 10 µg/kg for OTA and 1 
µg/kg for AFB1. Evaluation studies have been performed using spiked and naturally contaminated 
samples and results were compared with LC-MS/MS. Acknowledgements. This work was done as a 
IWT project in collaboration between the Laboratory of Food Analysis and the company Nutriad. 
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Rapid method for the detection of methicillin-resistant Staphylococcus aureus 
(MRSA) 
 
Heleen van den Bosch1, A. Moers1, J. Veen2, J.J. Korpershoek2, E. Remerie2, L. Schouls3 and A. van 
Amerongen1 

1Biomolecular Sensing & Diagnostics, Wageningen UR, 2Mecon and3Centre for Infectious Disease 
Control, National Institute for Public Health and the Environment (RIVM), the Netherlands; 
heleen.vandenbosch@wur.nl  
 
In humans methicillin-resistant Staphylococcus aureus (MRSA) is responsible for several infections 
that are difficult to treat. MRSA is any bacterial strain of S. aureus that is resistant to beta-lactam 
antibiotics, which include the penicillins and the cephalosporins. Due to this resistance MRSA 
infections can be dangerous, especially in hospitals and nursing homes. Hospital infections lead to 
serious health care risks, to closing of (operating) rooms and, consequently, to substantial financial 
losses. Diagnostic microbiology laboratories and reference laboratories are key for identifying 
outbreaks of MRSA. Normally, the bacterium must be cultured from blood, urine, sputum or other body 
fluid samples, and in sufficient quantities, to perform confirmatory tests early-on. However, initial 
treatment of the infection is often based upon 'strong suspicion' and techniques by the treating 
physician; these include expensive commercial quantitative PCR procedures, which are employed in 
clinical laboratories for quickly detecting and identifying MRSA strains. We have developed a rapid 
and inexpensive test for the detection of MRSA, the PCR-nucleic acid lateral flow immunoassay (PCR-
NALFIA). The PCR was set up with one reverse primer and ten forward primers that cover the majority 
of single nucleotide polymorphisms in know MRSA variants. The PCR-NALFIA was optimised for 
sensitivity (per PCR: DNA from 11 cells) and cross-reactivity by other microorganisms. PCR reagents, 
including nucleotides, polymerase and buffer components, were freeze-dried in a PCR tube in the 
presence of sucrose or trehalose for preservation purposes. It appeared that the dried reagents, 
stored at room temperature in aluminum pouches with a silica desiccant, were stable for at least one 
year. A blinded validation study was done with 98 sample from the MRSA databank at RIVM on 
freeze-dried PCR reagents and dried lateral flow membranes (stored in aluminum pouches with silica 
desiccant). The statistical analysis showed good sensitivity and specificity data that are in good 
agreement with the reference method, i.e., spa-typing (kappa coefficient 0.71). Acknowledgements. 

http://en.wikipedia.org/wiki/Sputum
http://en.wikipedia.org/wiki/Quantitative_PCR
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This work was partly funded by the European Fund for Regional Development (EFRO) and the 
provinces of Gelderland and Overijssel. 
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Rapid and automated method for determination of aflatoxin M1 in milk and 
formula milk, using an online solid phase extraction clean up followed by 
ultrahigh liquid chromatography tandem mass spectrometry  

 
Luca Campone, A.L. Piccinelli, R. Celano, I. Pagano and L. Rastrelli 

Department of Pharmacia, University of Salerno, Italy; lcampone@unisa.it 
 
Mycotoxins are natural foodstuff contaminants mainly produced by fungi of genera Aspergillus, 
Penicillium and Fusarium. Aflatoxin B1 (AFB1) is the most important known aflatoxin, considering both 
prevalence of contamination and toxicity. AFB1 is metabolised in the liver of mammals into reactive 
epoxide intermediates or hydroxylated metabolites. The 4-hydroxy derivative of AFB1 known as 
aflatoxin M1 (AFM1) is the major metabolite in humans and animals and may be present in milk 
following the ingestion of AFB1 with the diet. Even if AFM1 has a lower toxicity than AFB1, it is 
considered to be a possible human carcinogen (group 2B) by IARC [1,2]. Therefore, the presence of 
AFM1 in milk and milk products is considered to be undesirable and European Commission has 
regulated maximum limits for consumable milk and infant formulae of 50 and 25 ng/kg, respectively 
[3]. The growing concern about food safety necessitates more rapid and automated procedures taking 
into account the constant increase in the number of samples to be tested and the capability to reduce 
as much as possible human contact with these highly toxic compounds. Analytical methods that are 
fast, sensitive, solventless, inexpensive and suitable for automation are required [4]. In the present 
study, a simple, rapid and sensitive method based on protein precipitation of milk and subsequently 
clean-up by solid phase extraction (SPE) online coupled to ultrahigh pressure liquid chromatography 
tandem mass spectrometry (UHPLC-MS/MS) was developed for the analysis of aflatoxin M1 (AFM1) 
in milk samples. To precipitate the proteins and extract AFM1 from milk sample pre-treatment using 
acetonitrile and NaCl as extraction/denaturant solvent and salting-out agent, respectively, was used. 
Subsequently, the acetonitrile upper phase containing AFM1 was diluted with water in a ratio 9:1 and 
purified by SPE online. Online SPE was performed by loading 1 ml of diluted extract at pH 3 through a 
C18 cartridge coupled with a UHPLC column; AFM1 was detected using a mass spectrometer in 
multiple reaction monitoring (MRM) acquisition mode. This procedure provides rapid extraction and 
accurate determination of AFM1 in milk and formula milk using simple and inexpensive sample 
preparation, reducing sample preparation time and solvent consumption, and allowing minimum 
contact with potentially toxic samples. References. 1. IARC, 1993. Monographs on the Evaluation of 
Carcinogenic Risks to Humans 56: 245-395; IARC, 2002. Monographs on the Evaluation of 
Carcinogenic Risks to Humans 82: 171-130; Commission Regulation (EC) No 1881/2006. Official 
Journal of the European Union L364: 5-24; 4. Zollner, P. and Mayer-Helm, B., 2006. Journal of 
Chromatography A 1136: 123-169. 
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An environmentally friendly multi-extraction method for screening of 
mycotoxins  
 
Barbara Cvak 

Romer Labs Division Holding GmbH, Austria; barbara.cvak@romerlabs.com 
 
Fast and simple extraction of mycotoxins from agricultural commodities is a crucial step in the 
development of rapid test systems. Extraction is usually performed with organic solvents, e.g., 
methanol or acetonitrile, due to low solubility of most mycotoxins in aqueous solutions. Especially for 
on-site screening methods such as fast and easy lateral flow devices (LFDs), untrained people are 
exposed to danger when using organic solvents. Moreover, they are harmful to the environment when 
large amounts are used for sample extraction. The reduction of these substances or complete 
replacement is of great interest and importance for the future. Therefore, a unique water-based multi-
extraction method for mycotoxins was developed. One uniform extract can be used for rapid screening 
of the following mycotoxins: aflatoxins, deoxynivalenol, fumonisins, and zearalenone. Aflatoxins are 
metabolites of the fungi Aspergillus flavus and A. parasiticus and are toxic and carcinogenic.  
Deoxynivalenol, also called vomitoxin, is known as immunosuppressant and may cause kidney 
problems. Fumonisins have been declared as a potential human carcinogen by the International 
Agency for Research on Cancer (IARC) and have also been linked to leukoencephalomalacia and 
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nephrotoxicity in animals. The major effects of zearalenone are estrogenic and primarily involve the 
urogenital system. As maximum levels in food and feed were set by e.g., the European Commission, 
these substances need to be tested. This presentation will demonstrate a multi-extraction method by 
employing a newly designed extraction buffer system on an aqueous basis for the detection of four 
different mycotoxins using LFDs.  
 
P9 

Detection of Salmonella spp. in animal feeding stuffs using a LAMP-based 
method 

 
N. Cook1, Martin D’Agostino1, M. Diez-Valcarce2, B. Losilla1 and S. Robles1 
1The Food and Environment Research Agency, UK and 2Instituto Tecnológico Agrario de Castilla y 
León (ITACyL), Spain; martin.dagostino@fera.gsi.gov.uk 
 
A loop-mediated amplification (LAMP) assay with an internal amplification control and a thermostable 
DNA polymerase was developed for detection of Salmonella spp. in animal feeding stuffs. The target 
and IAC signals can be distinguished by the difference in annealing temperatures of the amplicons. 
The assay was incorporated within a method for the detection of Salmonella spp. in animal feeds, 
which involves 24 h of enrichment in buffered peptone water followed by 16 h of enrichment in a 
medium that can be added directly into the LAMP reaction. The method was validated against the ISO 
culture-based method (ISO 6579:2002) following the principles of the standard ISO 16140 procedure. 
In the in-house validation, the sensitivity was 100%, the RLOD was 1, and the inclusivity and 
exclusivity were 99% and 100% respectively. The method is currently being evaluated in a 
collaborative trial involving 10 European laboratories. This method provides a basis for the application 
of a routine nucleic acid-based method to feeding stuffs and should be appropriate for use as a rapid 
screening method for correctly identifying uncontaminated feed products. 
 
P10 

Analysis of multiple mycotoxins by LC-MS/MS: in-depth analysis of column 
selectivity 
 
E.R. Barrey, O.I. Shimelis and Christine Dumas 
Supelco/Sigma-Aldrich, USA; christine.dumas@sial.com 
 
Mycotoxins are toxic secondary metabolites produced by fungi, which can exist in food as a result of 
fungal infection of crops. Their strong resistance to decomposition and digestion cause mycotoxins to 
remain in the food chain. The analysis of mycotoxins in food and animal feed has been a challenge 
mainly due to the complexity of food matrices and desired low detection limits. In recent years, 
significant advances in the analytical techniques were applied to the detection of mycotoxins. There 
has been an increasing need for a method to detect multiple mycotoxins with a single sample 
preparation and analysis method. Previous research concentrated on an LC-MS/MS method for multi-
mycotoxin analysis as mass spectrometry provides appropriate selectivity and sensitivity for detection. 
This study investigated the selectivity for over 15 common mycotoxins on a variety of solid-core HPLC 
columns with different stationary phase chemistries. The results of these analyses were evaluated for 
optimum resolution and selectivity. The separation of analytes from matrix was also important as often 
no sample clean-up is performed during analysis and matrix effects are highly probable. The choice of 
column chemistries will be presented with emphasis on overall method performance. 
 
P11 

Development of a direct competitive ELISA for the detection of nitrofurazone 
metabolite in honey 
 
Ksenia M. Filippova, E.S. Vylegzhanina, I.S. Nesterenko, A.A. Komarov and A.N. Panin 
The All-Russian State Center for Quality and Standardization of Veterinary Drugs and Feeds (FGBU 
‘VGNKI’), Russia; kmfilippova@yandex.ru 
 
Nitrofurans, particularly nitrofurazone (NFZ), belong to a class of synthetic broad spectrum antibiotics 
and are mainly used for bee colonies in the prophylactic and therapeutic treatment of foulbrood 
disease (Streptococcus pluton, Bacillus paraalvei and Bacillus alvei). The use of NFZ has been 
prohibited completely in food animal production in the European Union since 1995 due to its 
carcinogenicity and mutagenicity. However, it is still widely used in Russia. The MRPL for nitrofuran
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metabolites residues is 1 μg/kg. NFZ is characterised by its rapid metabolism to semicarbazide (SEM) 
in vivo in less than a few hours. Furthermore, SEM residues are stable. A simple direct enzyme-linked 
immunosorbent assay (ELISA) method for SEM determination was developed to steer clear of labour-
intensive instrumental methods to detect NFZ metabolite residues in food. Polyclonal antibody 
production was achieved through reimmunisation. Nine male Chinchilla rabbits were inoculated with 
0.1 mg of CPSEM immunogen as an emulsion in Freund’s adjuvant. Boosters (0.02-0.05 mg) were 
administered monthly during 16 months. Antisera were taken 7 days after each immunisation and 
screened for the presence of antibodies to CPSEM using a direct competitive ELISA. Sample 
preparation was performed by derivatisation of the homogenised tissues with 2-nitrophenyl 
benzaldehyde (2-NBA) and followed by ethyl acetate extraction. Polyclonal antiserum raised using 
CPSEM-KLH exhibited the highest sensitivity of binding to 2NPSEM after 20 immunisation cycles. The 
50% inhibition values (IC50) ranged from 8 to 13 μg/l for 2NPSEM (which corresponded to 3-5 μg/l for 
SEM). The limits of detection (LOD) calculated from the analysis of 20 known negative honey samples 
were 0.4 μg/kg for SEM. Recoveries of SEM fortified ranged from 76 to 110% in honey. The 
coefficients of variation were less than 30%. All results were submitted by HPLC-MS. In conclusion, 
the developed analytical technique can be used as a first step in routine analysis of NFZ residues 
substances in honey samples. This ELISA technique is simple and sensitive, and can be applied by 
residues laboratories and the food industry in dealing with the nitrofurazone problem. 
 
P12 

A novel high-throughput method for molecular detection of human enteric 
viruses using a nanofluidic real-time PCR system 
 
Audrey Fraisse1, C. Coudray-Meunier1, S. Martin-Latil1, S. Delannoy2, P. Fach2 and S. Perelle1  
1Enteric Viruses Unit, Food Safety Laboratory and 2Food Safety Laboratory, Identypath, France; 
audrey.fraisse@anses.fr  
 
Human enteric viruses are the leading cause of food poisoning worldwide. Detection and quantification 
of viral genomes are typically achieved through quantitative RT-PCR (RT-qPCR). We have developed 
an alternative method: a nanofluidic real-time PCR system (Fluidigm Biomark HD) for multitarget 
qualitative molecular detection (RT-qPCR array) of human enteric viruses and their quantification by 
digital RT-PCR (RT-dPCR). The sensitivity and specificity of these high-throughput PCR methods 
were investigated for detecting human pathogenic viruses (norovirus (genogroups I, II, IV), hepatitis A 
virus, hepatitis E virus, rotavirus, bocavirus, cosavirus, parvovirus B19, sapovirus, tick-borne 
encephalitis virus, Aichi virus, coronavirus (229E, HKU1, OC43, NL63), adenovirus (40, 41), 
astrovirus, enterovirus (coxsackievirus, echovirus)) and two main process controls used in food 
virology (mengovirus and murine norovirus). Then, the RT-qPCR array and RT-dPCR assays were 
used together to screen clinical samples for the presence of human enteric viruses and quantify 
positive samples. Conventional real-time PCR system performance was compared to the RT-dPCR 
and the RT-qPCR array for the detection of 21 viruses. RT-dPCR was found more sensible than RT-
qPCR for 7/21 viruses (0.1 log10 to 1.4 log10) and less sensible for 14/21 viruses (0.3 log10 to 1.6 log10). 
RT-qPCR array was found as sensible as conventional RT-qPCR for 2/21 viruses, slightly more 
sensible for 1/21 virus (0.3 log10), and less sensible for 18/21 viruses (0.7 to 3.0 log10). Clinical 
samples screening and quantification (by RT-qPCR array and RT-dPCR assays respectively) 
confirmed RT-qPCR results with a concordance of 100% for viruses identified by the National 
Reference Centers (hepatitis A/E viruses NRC and enteric viruses NRC). Additionally, this method 
made it possible to identify co-infections in clinical samples. In conclusion, this nanofluidic RT-qPCR 
assay is a high-throughput method with a large number of viral targets and thus could be used for 
human pathogenic viruses surveillance and outbreak investigations. 
 
P13 

Rapid laboratory and field methods for the quantification of algal biomass 
 
Bram van der Gaag1, C.J. Moore1 and C.J. Carpentier1,2 
1Benten Water Solutions, the Netherlands and 2Research Centre for Environmental Chemistry and 
Ecotoxicology, Masaryk University, Czech Republic; avandergaag@benten-water.com 
 
Massive algal growth is an unwanted phenomenon in surface waters used for the production of 
drinking water or for industrial purposes. Algae can clog filters, disrupt coagulation processes or 
negatively affect taste and odour, and some species can produce toxins. There are many different 
ways to determine algal densities or biomass in surface waters. The best method to analyse algal
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biomass does not exist. The objectives of this study were to develop various different methods to 
determine algal biomass in a rapid and cost-effective way. This poster shows two examples of such 
methods. Algal cell counts and biovolume. A semi-automated method to determine algal biovolume 
while performing microscopic cell counts called BACCHUS (biovolume analysis cum calculus and high 
utility statistics) was developed with the help of digital image processing technology. A built-in 
statistical analysis made this application a very powerful tool, since it helped to minimise the amount of 
time and effort needed to perform a suitably precise biovolume analysis. Even if no image-analysis 
system is used to measure biovolumes, the statistical analysis can be used to reduce the time needed 
for analysis. In vivo fluorescence methods to determine phytobenthos biomass. Especially in rivers, 
phytobenthic primary productivity is a suitable indicator of stream water quality, since the short-lived 
organisms are sessile, take up nutrients from the water phase and respond rapidly to a changing 
environment. Moreover, benthic algal communities are important parameters in ecological 
investigations since they support lotic food webs as a food source for grazers and they can attenuate 
currents and stabilise sediments, thereby modifying the aquatic habitat. Empirical regression models 
that link algal biomass and water column nutrients have been widely used in the eutrophication 
management of freshwater lakes and reservoirs. Establishing similar relationships for nutrients and 
phytobenthos biomass in streams has appeared more difficult, since these links are generally weaker 
in streams than in lakes. In this study, a suitable field method to measure phytobenthos biomass per 
algal group was developed, thereby eliminating any problems related to quantitative sampling. Field 
data from the Danube river was used as input for the establishment of a model for the nutrient-
phytobenthos biomass relationship, in order to assess the trophic state of the river. Further research is 
necessary to enable the assessment of the trophic state of rivers and streams as part of their 
ecological status in accordance with the Water Framework Directive. 
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Human adenovirus detection and quantification by chip-based digital PCR: 
from comprehensive in silico genome analysis to quantification of samples 
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(ITQB), Universidade Nova de Lisboa and 3Faculdade de Ciências da Universidade de Lisboa (FCUL), 
Portugal; fgaspar@itqb.unl.pt 
 
Human adenoviruses (HAdVs) are common viruses that can cause disease in humans. HAdVs most 
commonly cause respiratory illness that can range from the common cold to pneumonia, croup, and 
bronchitis. They can also cause other illnesses, such as gastroenteritis, conjunctivitis, cystitis, and less 
commonly, neurological disease. The severity of disease can range from mild to severe, with recent 
outbreaks caused by novel HAdV types being associated with fatal infections. Traditional diagnosis is 
based on cell culture or antigen detection methods. However, some HAdV types can take up to 4 
weeks to isolate or will not grow in routine cell culture, and direct antigen detection provides markedly 
low sensitivity when compared to cell culture. Molecular methods have been previously used to detect 
HAdVs in a rapid, sensitive and specific way. The emerging analytical technique digital PCR (dPCR) 
allows the detection and quantification of specific sequences of nucleic acids without the need of a 
calibration curve. To our knowledge, no method has been published to date that allows the detection 
and quantification by chip-based dPCR (cdPCR) of all described and sequenced HAdV types. To 
define a method for cdPCR detection and quantification of HAdVs, complete genome sequences of all 
HAdV types available to date were retrieved from international nucleotide sequence databases. 
Conserved regions from the selected HAdV genome sequences were identified and compared with 
conserved regions previously described in the literature. The conserved region that was the most 
conserved between all selected HAdV types was selected. The suitability of previously described 
primer pairs and probe sets targeting the selected conserved region was evaluated. A new primer pair 
and hydrolysis probe set was developed in silico following the recommended guidelines for the cdPCR 
technique. The guidelines include melting temperature, length, complementarity, secondary structures, 
specificity, GC content, presence of a GC clamp, and repeats and runs criteria for primers and probe 
design, and the amplicon length. The new primer pair and hydrolysis probe was used to optimise the 
method aimed at the detection and quantification of all HAdVs types in the Life Technologies 
QuantStudio® 3D platform. In this work, we describe an in silico developed primer pair and probe set 
suitable to detect and quantify all HAdV types described to date by cdPCR. We successfully used the 
developed method to analyse nucleic acids extracted from samples. 
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Semi-quantitative approach to reliably detect GM maize events using ready-to-
use RTi-PCR plates 
 
Francesco Gatto, N. Bassani, S.F. Rosa, A. Lievens, R. Brustio, M. Querci and J. Kreysa 
European Commission Joint Research Centre, Institute for Health and Consumer Protection (IHCP), 
Italy; francesco.gatto@ec.europa.eu 
 
In the EU, food and feed have to be labelled for their GMO content if any ingredient contains 
authorised GMOs in a proportion higher than 0.9%. Below this threshold, labelling is not required 
provided that the GMO traces are due to adventitious contamination. Considering that the number of 
GMOs authorised for the EU market is constantly growing, laboratories need to expand their capacity 
to quantify them. A multi-target ready-to-use system, known as pre-spotted plates (PSP) and 
accommodating real-time PCR (RTi-PCR) assays for the detection of up to 44 authorised GM events 
in one single experiment, was developed by our laboratory for qualitative applications. This study 
evaluates the suitability of these qualitative PSP also for reliably discriminating whether detected 
GMOs are present in a proportion below or above the 0.9% labelling threshold. This assessment is 
normally accomplished through standard quantitative RTi-PCR experiments, which require separate 
quantification of the ingredients and of the GM events using quantitative taxon-specific and GM event-
specific assays, respectively. The six most frequent maize GM events in food and feed were selected 
for this study. DNA samples were extracted from each GM event and different concentration levels 
prepared (5, 2, 1, 0.5 and 0.1%). Results from the taxon-specific and the event-specific systems were 
combined in order to obtain ΔCq values, which were then modelled via linear regression. Thresholds 
indicating a GM content above or below 0.9% were estimated using 98% prediction intervals around 
the regression line in order to have unilateral thresholds at a 99% confidence level. The estimated 
thresholds were then validated using simulated and proficiency test samples. Results indicate that 
semi-quantitative estimations are reliable. The approach will help laboratories to rapidly identify those 
authorised GM events that are either below or above the legal threshold, and will help them 
concentrating their efforts only on samples whose content is questionable or out of line with respect to 
labelling provisions.  
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Microtiter plate-based antibody microarrays for bacteria and toxins 
 
Andrew G. Gehring 
Agricultural Research Service, US Department of Agriculture, USA; andrew.gehring@ars.usda.gov 
 
Research has focused on the development of rapid biosensor-based, high-throughput, and 
multiplexed detection of pathogenic bacteria in foods. Specifically, antibody microarrays in 96-well 
microtiter plates have been generated for the purpose of selective detection of Shiga toxin-producing 
Escherichia coli (STEC) bacteria and associated toxins (Stx1 and Stx2). Several fluorescence and 
colorimetric immunoassay platforms were created for capture and labelling of various STEC and their 
toxins at the well bottoms of inexpensive, polystyrene microtiter plates (substrates) array-printed with 
passively adsorbed antibodies. Centrifugation was frequently employed to significantly improve 
localisation of bacteria to planar capture surfaces containing the printed antibodies. Fluorescence or 
enzymatic labels were conferred among captured bacteria either using either nucleic acid intercalating 
dyes as universal labels or a ‘cocktail’ of dye- or enzyme-conjugated antibodies. Quantitative detection 
of the antibody captured bacteria was affected through laser-induced fluorescence scanning or visible 
light flatbed scanning of coloured enzymatic products. Optimised assays had demonstrated limits of 
detection of ~105 cells/ml and ~4.5 ng/ml for E. coli O157:H7 and Stx1 (or Stx2), respectively, in a total 
assay time of 2 h or less. In related research, a mixed culture enrichment broth was developed in 
support of this assay for the detection of additional bacterial pathogens, particularly Listeria 
monocytogenes. This new procedure may find use in the selection of effective biorecognition elements 
or by food producers and testing laboratories for the high-throughput screening of food samples for 
pathogens. 
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Application of an exact mass database and library mycotoxins and fungal 
metabolites for the accurate mass screening and verification of mycotoxins in 
food 
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Mycotoxins are toxic secondary metabolites of fungi which can occur in a variety of food and feed. 
They can cause hepatotoxic, mutagenic, carcinogenic, estrogenic or immunosuppressive effects in 
humans and animals. The formation of mycotoxins during grain production is a severe problem which 
causes major financial damages. To ensure food safety the analysis of mycotoxins in food and feed is 
essential. There is a growing interest in multi-mycotoxin methods to harmonise the analysis of different 
commodities, to identify mycotoxins in unlikely matrices and to extend the knowledge of emerging 
mycotoxins from Aspergillus, Penicillium, Fusarium or Alternaria species. Modern high-resolution 
accurate mass LC/MS instruments allow the analysis of a virtually unlimited number of contaminants. 
Blank maize, nut and red wine samples were spiked with 45 characteristic mycotoxins in different 
concentrations and were injected into the UHPLC-QTOF-MS system. A generic water-methanol 
gradient was used for the separation of the analytes. Three different strategies for screening and 
identification of mycotoxins in food samples were compared: in the conventional approach the QTOF 
LC-MS system was first operated in TOF mode and a database search was conducted. Using a 
second injection, a targeted MS/MS method of the list of suspects was applied and the obtained 
spectra were compared with the MS/MS library. Results were compared to an All Ions MS/MS 
acquisition with three collision energies. For data evaluation an exact mass database and library for 
mycotoxins and fungal metabolites has been used. As expected for the complex food matrices, the 
TOF screening resulted in a number of additional suspect contaminants. Applying library matching 
against the new exact mass library for mycotoxins helped to eliminate potential false positives. 
Compared to the conventional approach, data dependent MS/MS acquisition resulted in slightly higher 
limits of quantification but meaningful MS/MS spectra were acquired for the vast majority of 
compounds, even for the lowest spiking level. The All Ions MS/MS acquisition allows fast and 
completely untargeted acquisition. The identification of contaminants in All Ions MS/MS acquisition is 
done by aligning chromatographic elution profiles of precursor ions and fragments, using information 
from the accurate mass library. The presence of most spiked mycotoxins was confirmed by the co-
elution of characteristic fragment ions. The quality of the identification was dependent on the intensity 
of the fragment ions and also on the selectivity of the fragment masses compared to the sample 
matrix.  
 
P18 

Droplet digital PCR and isothermal LAMP for improved quantification and on-
site detection of pathogens, respectively  
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Methods that allow for accurate quantification and/or on site detection of pathogens are more and 
more demanded for disease prevention and control in medicine, veterinary and plant health fields. A 
correct quantification is needed to properly perform a quantitative microbial risk assessment (QMRA) 
for the presence of enteric viruses in drinking water or to assess the need for antiviral treatment in 
patients infected with human cytomegalovirus, HCMV. On the other hand, methods allowing simple, 
fast and easily interpretable pathogen detection are needed for immediate response at the point of 
care, e.g., airports, custom facilities, crop fields, hospitals, etc. During the last 10-15 years we have 
developed many quantitative real time PCR (qPCR) assays for plant and human pathogen 
quantification and detection. However, to better cope with the above mentioned trends, we are 
increasingly introducing two methods, droplet digital PCR (ddPCR) for accurate quantification and loop 
mediated isothermal amplification (LAMP) for fast on-site detection. We have developed or adapted 
from qPCR several ddPCR assays specific for different plant and human pathogens, i.e., rotavirus, 
HCMV, Pepper mild mottlevirus, Ralstonia solanacearum, flavescence dorée phytoplasma (FDp). In
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comparison to qPCR, ddPCR allowed quantifying the mentioned pathogens without the need of a 
calibration curve. In most cases, ddPCR proved to be more accurate and resistant to inhibitory 
substances than qPCR. It is expected that further technical advances will improve the throughput of 
ddPCR in the next few years thus eliminating its shortcoming for large scale studies. We have also 
developed and/or assessed LAMP assays for detection of a variety of quarantine plant pathogens 
such as potato spindle tuber viroid, FDp and other plant and human (HCMV, Mycobacterium 
tuberculosis (TB)) pathogens. In combination with the easy to use GenieII (Optigene), the mentioned 
pathogens can be easily detected in 10 to 30 min on-site avoiding the need for thermal cycling. 
LAMP’s quantitative potential is rather limited but it proved to be more resilient to inhibitors than qPCR 
and it can also be applied in multiplex as screening method. 
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Application of NGS for monitoring microbiological water quality 
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1KWR, Watercycle Research Institute and 2Vitens, the Netherlands; leo.heijnen@kwrwater.nl 
 
Monitoring drinking water quality and the efficiency of water treatment processes during the production 
of drinking water is based on measurements of a limited number of microbiological parameters. 
Although such monitoring has resulted in improvement of the drinking water quality during the last 
century, it still provides a limited view on the microbiology in drinking water. A more complete view of 
the microbial communities in drinking water might be valuable to develop additional strategies for the 
improvement of drinking water quality. Next generation sequencing (NGS) of partial bacterial 16S 
rRNA genes makes it possible to obtain large amounts of sequence data from multiple samples at 
limited costs, resulting in a detailed survey of the bacterial communities composition. Such detailed 
information might make it possible to detect minor changes in the bacterial community in water that 
can be caused by failures in water treatment processes or distribution system integrity, resulting in the 
introduction of undesirable bacteria (like faecal contamination). The objectives of our study were to 
investigate whether (i) NGS can be used to detect minor changes in community composition and (ii) 
NGS can be used to detect microbial quality events in every day drinking water practice. The analyses 
of surface and drinking water mixtures at different ratios showed that it was possible with NGS to 
detect a community change in 1 l drinking water after the addition of 100 µl surface water. These 
results demonstrate that very small changes in community composition can be detected with NGS.  
Furthermore, the analyses of (drinking) water samples from routine practice of drinking water company 
Vitens demonstrated that is was possible to detect and identify minor community changes in these 
samples. For example, NGS enabled detection of different faecal bacteria in water with low 
concentrations (1 cfu/100 ml) of cultivable Escherichia coli obtained after repair actions in the 
distribution system. We conclude from our results that NGS can be used to (i) obtain a detailed 
overview of the bacterial composition and (ii) detect relatively small changes in the bacterial 
communities of (drinking) water. Potential applications and limitations of NGS for the water industry 
will be discussed.            
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Optimisation of the molecular workflow for animal species identification in milk 
and dairy products 
 
Ingrid Huber, K. Pälchen, D. Sebah, I. Wetzel, M. Schrempp and U. Busch 
Bavarian Health and Food Safety Authority (LGL), Germany; ingrid.huber@lgl.bayern.de 
 
The role of food safety and food authenticity has gained importance to the public interest due to 
frequently occurring food scandals. Especially the identification of animal species in processed food 
has gained priority in governmental food monitoring. While animal species identification in meat and 
meat products by real-time PCR and previous DNA extraction has already been established, DNA 
extraction methods for milk and dairy products are still not sufficient. The exchange of higher prized 
components with cheaper and more frequently available components (e.g., bovine milk vs. milk of 
sheep or water buffalo) increases also within dairy products. This is mostly due to the different 
demand and milk yield as well as the housing and feeding conditions of the animal species. That leads 
to the need of rapid and reliable analytical qualitative as well as quantitative methods for the 
identification of the most relevant animal species in milk and dairy products. In this study, two partly 
automated magnetic-bead based DNA extraction methods on the Maxwell 16® M Dx instrument were 
optimised for milk and dairy products. Establishing real-time PCR methods for animal species
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identification it was necessary to combine sensitive and specific primer and probe sets for the dairy 
relevant animal species sheep, goat, water buffalo and bovine to eliminate cross reaction between 
related animal species. This led to the development of two multiplex real-time PCR assays for the 
identification of sheep, goat and bovine resp. water buffalo and bovine DNA for the analysis of milk 
and dairy products. The established methods are offering a rapid, sensitive and cost efficient way to 
analyse milk and dairy products. The specificity as well as sensitivity of our real-time PCR assays 
were compared with two commercially available DNA based methods. Our screening assays shall in 
future also be used for the quantification of the detected animal species. 
 
P21 

The benefits of solid state cytometry as a novel tool for quantifying numbers of 
bacterial cells in liquid samples 
 
G. Tamminga, A. Engelaar, E. Frijling , J. Brouwer and Gijsbert Jansen  
Biotrack, the Netherlands; g.j.jansen@biotrack.nl 
 
Solid state cytometry (SSC) is an accepted, though not widely applied, methodology for measuring 
numbers and characteristics of eukaryotic and prokaryotic cells. The following characteristics 
prohibiting the roll-out of SSC-based methods are recognised: environmental samples optically 
contaminated, autonomous interpretation of microscopic images still pose considerable computer-
vision challenges and applicability of SSC-based methods is heavily dependent on physical and 
chemical properties of the sample matrix. In this study, we present an SSC-based method which 
overcomes the previous mentioned issues. This method is applied in quantifying the number of 
Escherichia coli cells in pure water. Also, the performance of this novel SSC-based method is 
compared (according to ISO-16140 guidelines) to accepted reference methods. The SSC-method 
used in this study contains the following characteristics that distinguish it from mainstream SSC-
methods: a small surface area of the sampling filter, pressurised deposition of cells in the sample on 
the filter surface, very low optical magnification, robust two-step focusing procedure and the 
implementation of biological parameters in the computer vision algorithm. A series of 50 water 
samples (volumes ranging from 1 to 500 ml) spiked with Escherichia coli cells (blank, 101, 102, 103, 
104, 105 and 106 per ml) were simultaneously measured using the novel SSC-technology and standard 
microbiological culturing methods. The results obtained during this study yield the following 
performance statistics for novel SSC-technology: detection limit 1 cell per 10 ml, coefficient of variation 
of 30%, linear correlation with reference of 0.921, time of analysis 40 min and operational volume 
range 1-500 ml. All tests were successfully performed at full autonomy and results (log-files, micro-
photographs, and calculations) were stored locally and transmitted to a protected data server. The 
results of this study allow for the following conclusions: the use of SSC as a means for microbial 
quantification is currently a very sound alternative for other culture independent methods provided the 
technical improvements mentioned here above. Also, the performance of an SSC-based system is 
comparable, or better than traditional culturing and much more rapid. Studies in the field of solid state 
cytometry is an ongoing process. One application that is especially worth to mention is the use of 
(species-)specific staining procedures using 16S rRNA targeted DNA probes. Current research in this 
field shows very promising results. 
 
P22 

Applications of robotised solid state cytometry and fluorescent in situ 
hybridisation as a platform for autonomous and rapid biosensoring  
 
G. Tamminga, A. Engelaar, E. Frijling, J. Brouwer and Gijsbert Jansen  
Biotrack, the Netherlands; g.j.jansen@biotrack.nl  
 
Solid state cytometry (SSC) in conjunction with fluorescent in situ hybridization (FISH) forms a 
powerful analytical combination for rapid and autonomous biosensoring. In this overview, a series of 
examples of the applicability of a robotised biosensoring system based on SSC and FISH will be 
presented. The system deployed showed the following performance statistics: detection limit 1 cell per 
10 ml, coefficient of variation of 30%, linear correlation with reference of 0.921, time of analysis 40 min 
and operational volume range 1-500 ml. In the text that follows the robotised combination of SSC and 
FISH will be referred to as: the biosensor. First application: on-site bio surveillance of drinking water 
during construction work on the distribution net. In this project, the biosensor will be applied in 
autonomous trending of bacterial cell numbers in drinking water during construction work. Initial testing 
showed that the biosensor was fully capable of autonomous monitoring over a prolonged period of
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time according to the performance statistics mentioned in the previous section. Currently, serial 
validation of the biosensor compared to alternative methods (e.g., culturing, q-PCR and enzymatic 
biomarkers) is in progress. Second application: on-site bio surveillance of numbers of Aeromonas 
species in surface water. In this project, the biosensor was located at a riverbank where, over a period 
of two weeks, autonomous monitoring of numbers of Aeromonas cells was executed. Samples were 
also cultured by an independent reference laboratory. The results indicate that autonomous monitoring 
of Aeromonas in surface water proved to be successful. Third application: rapid assessment of 
bacterial and fungal bio burden in raw spices and seasonings. This is a sought after application, since 
raw spices may be heavily contaminated. In this project, a simple, one-step, sample preparation 
procedure was developed and successfully applied in rapid measurement of bacterial and fungal bio 
burden in several spices and seasonings. The project is currently being scaled up. Fourth application: 
rapid assessment of biocide efficiency in microbiologically contaminated samples of industrial drilling 
water. This of paramount importance to drilling companies to prevent and fight outbursts of slime 
forming bacteria and bacteria responsible for bio corrosion. This particular application has been 
successfully implemented at several shale-gas producing companies and is currently being used. 
Based on the real-life experiences obtained by these applications the following conclusions may be 
drawn: (i) the combination of SSC and FISH forms a sound and promising analytical concept upon 
which stable and robust biosensoring systems can be built; (ii) The added value of a biosensor lies 
preliminary in its applicability as an early warning system; and (iii) large economical revenues may  be 
achieved by the rational application of the proposed type of biosensor, provided the sensor is 
autonomous, robust and simple to operate. 
 
P23 

The next generation of proton-transfer-reaction mass spectrometry: high 
selectivity and high speed analysis in food and flavour research 
 
Simone Jürschik1, P. Sulzer1, R. Gutmann1 , S. Jaksch1, A. Jordan1, E. Hartungen1, G. Hanel1, 
L. Märk1, K. Breiev1,2, J. Herbig1 and T.D. Märk1,2 
1IONICON Analytik GmbH and 2Institut für Ionenphysik und Angewandte Physik, Leopold-Franzens-
Universität Innsbruck, Austria; simone.juerschik@ionicon.com 
 
Soon after its introduction in the late 1990s, proton transfer reaction mass spectrometry (PTR-MS) 
became well-established in the field of food and flavour research. A comprehensive summary of some 
of the most important PTR-MS studies including ‘PTR-MS in the food and flavour sciences’ has 
recently been published in the book of Ellis and Mayhew [1]. They are ranging from studies about 
flavour release in drinks and food to control of food quality. However, most of these studies show that 
there is still a demand for increased selectivity and sensitivity in food and flavour science, even though 
recent developments of PTR-MS, such as selective reagent ionization mass spectrometry (SRI-MS), 
i.e., the capability of switching between H3O+, NO+, O2

+ and Kr+, respectively, as reagent ions [2], have 
extended the selectivity and thus have considerably improved the technology. Here we want to 
present a novel instrumentation: the PTR-QiTOF [3] equipped with a quadrupole ion guide (Qi) 
between the reaction region and the TOF analyser. This innovation improves the sensitivity by a factor 
of 20 compared to state-of-the-art-instruments. We present data obtained with certified gas standards 
proving a sensitivity of up to 4,700 cps/ppbv and LoDs 20 pptv after 100 ms. Additionally, the mass 
resolving power is improved up to 10,400 m/Δm. Therefore the PTR-QiTOF will be of great benefit for 
example in aroma research, e.g. in nosespace analysis where high sample throughput and real-time 
response are required. Furthermore, we present an integrated FastGC inlet system for PTR-MS 
instruments, which greatly enhances selectivity while near-real-time analysis is still possible. The 
instrument can be easily switched between ‘normal’ direct injection and FastGC sample introduction 
mode via a multiport valve. The latter mode is of special importance when, e.g., isomeric aroma 
compounds have to be distinguished and independently quantified. We demonstrate this with results 
of Manuka tea and spruce resin analysis, where we can identify the compounds contributing to the 
signal on mass m/z 137.13, which corresponds to a multitude of protonated monoterpenes in the H3O+ 
direct injection mode, in less than 1 min by switching to the FastGC mode. Acknowledgements. We 
gratefully acknowledge financial support from the FFG (Wien, AT). KB has received funding through 
the FP7-ITN ‘PIMMS’ (grant agreement number 287382). References. 1. Ellis, A.M. and Mayhew, 
C.A., 2014 In: Proton transfer reaction mass spectrometry: principles and applications. John Wiley & 
Sons Ltd., Chichester, UK, pp. 221-265. 2. Cappellin, L., Makhoul, S., Schuhfried, E., Romano, A., Del 
Pulgar, J., Aprea, E., Farneti, B., Costa, F., Gasperi, F. and Biasioli, F., 2014. International Journal of 
Mass Spectrometry 365-366: 33-41. 3. Sulzer, P., Hartungen, E., Hanel, G., Feil, S., Winkler, K., 
Mutschlechner, P., Haidacher, S., Schottkowsky, R., Gunsch, D., Seehauser, H., Striednig, M., 
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Effective detection and surveillance of antibiotic resistance genes from food 
samples and potential fertiliser sources using qPCR technology 

 
M. Fosbrink, G. Wilt, Anisha Kharkia and E.Lader 
QIAGEN Sciences, Inc., USA; anisha.kharkia@qiagen.com 
 
One potential source of acquiring antibiotic resistance genes is through the food supply. Both livestock 
and feed may acquire antibiotic resistant bacteria through different mechanisms. For example, one 
source of fertiliser is the end-product from wastewater treatment plants that have treated water 
exposed to faecal microbiota, a potential reservoir for antibiotic resistant genes. Livestock can then be 
exposed to antibiotic resistant bacteria through feed where fertiliser from wastewater treatment plants 
has been used. This, in addition to increasing administration of antibiotics to livestock, can lead to food 
as being a potential source of antibiotic resistant genes. This may lead to horizontal gene transfer to 
pathogenic enteropathogens leading to drug resistance in humans, therefore highlighting the 
importance of surveillance and prevention of antibiotic resistant genes in food. Real-time PCR 
methods have proven effective for the detection of antibiotic resistance genes and PCR array 
technology allows the detection of a large number of genes in a single PCR run. Therefore, in this 
study, an antibiotic resistance gene identification PCR array was developed that allows for rapid 
screening of a range of antibiotic resistance genes present in a sample. The PCR array contains 5′ 
hydrolysis probe assays (primer and dual-labelled probe sets) that uniquely target 87 antibiotic 
resistance genes. All assays exhibited low-end sensitivity between 5-80 copies and a linear dynamic 
range of at least 5 orders of magnitude. Since the gut is known to act as a reservoir for antibiotic 
resistance genes, a small-scale research study was performed on five stool samples isolated from 
healthy human adults using the antibiotic resistance gene identification PCR array. All five samples 
had ermB and mefA, and three of the samples were positive for tetA. Another study was done to 
determine the diversity of antibiotic resistance genes in municipal biosolids by analysing the genes 
using Antibiotic Resistance Genes Microbial qPCR Array (catalogue number: BAID-1901Z) using DNA 
extracted from belt-filter press cake sewage samples. There were 14 antibiotic resistance genes from 
different resistance. Further studies were performed in beef, chicken, vegetable and pork samples to 
determine presence of antibiotic resistance genes in food. In conclusion, PCR arrays can be effective 
tools for detection of antibiotic resistance genes from food samples and potential sources of fertiliser. 
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Salmonella detection from stool samples and food products by using a novel, 
fast and specific isothermal amplification technology, SIBA® 
 
Mari Kukkonen, T. Halonen, J. Flinck and J. Saharinen 

Orion Diagnostica Oy, Finland; mari.kukkonen@oriondiagnostica.fi 
 
Salmonellosis, caused by Salmonella enterica subsp. enterica, is one of the most commonly and 
widely distributed foodborne diseases. Salmonella carrying animals and humans cause considerable 
problems in primary production and food processing industry. We developed a fast and accurate 
nucleic acid based detection system for Salmonella carriers with very low amounts of bacteria in their 
stool as an alternative to the widely used and time-consuming culture based method. We used a 
selective selenite broth for enrichment of Salmonella and an isothermal DNA amplification method, 
Strand Invasion Based Amplification (SIBA®), for the detection of the bacteria in stool. The workflow 
includes enrichment incubation and sample preparation, where 200 µl of enriched growth medium is 
transferred into a lysis reagent. After a filtration step, the sample is heated, mixed with reaction buffer 
and added to a tube containing lyophilised reagents. The assay is run on the Orion GenRead® 
instrument and detected with fluorescent readout together with an integrated qualitative algorithm and 
an internal amplification control. The sample preparation takes only around 10 min followed by fast 
amplification of 50 min or less. The doubling time of Salmonella in selenite medium was determined 
with and without stool. Our test was able to detect down to 1 cfu of Salmonella (as a starting material 
with stool sample) after only 8 h of incubation. We also found buffered peptone water (BPW) and 
Rappaport Vassiliadis soy peptone (RVS), broths widely used in enrichment of environmental and 
food product samples, compatible with our test system. In conclusion, according to our preliminary 
results, Salmonella carriage assay could offer fast Salmonella carriage screening after 8-10 h
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incubation, easy sample preparation (25 min/12 samples) and 50 min Orion GenRead® run. With 
minor modifications, this system will also be suitable for testing environmental samples, animal stool, 
and food products, among others. 
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ELISA method for the detection of stanazol 
 
D. Jírová, O. Longin, I. Černý, P. Drašar, M. Kuchař and Oldřich Lapčík 
Department of Chemistry of Natural Compounds, Faculty of Food and Biochemical Technology, 
University of Chemistry and Technology Prague, Czech Republic; oldrich.lapcik@vscht.cz 
 
Stanazol (17-methyl-2’H-5α-androst-2-eno[3,2-c]-pyrazol-17β-ol; CAS number 10418-03-8) is one of 
the most important synthetic anabolic steroids illicitly used to increase athletic performance and in 
horse racing. In Czech Republic, stanazol was used in specific therapeutic indications, however, 
recently it has not been registered neither for human medicine nor for veterinary use. Polyclonal 
antibodies to several stanazol-derived immunogens have been obtained and tested in an indirect 
ELISA system as the initial step to the development of rapid immunochemical tests for the detection of 
stanazol in food supplements and body liquids. BSA-hapten conjugates were used for immunisation; 
rabbit serum albumin was used as the carrier protein for immobilisation of haptens to the microtitration 
plates. The most favourable parameters were obtained using antisera against haptens attached to the 
carrier proteins via a caboxyalkyl bridge at the pyrazole ring. The IC50 was 0.31 ng/ml, working range 
of the method expressed as the range between IC80 and IC20 was from 0.03 to 4.0 ng/ml. Significant 
crossreactivities were observed for other 17α-methylated anabolic steroids (i.e., 80.1, 30.4, 10.0 and 
7.7% for 17α-methyl  testosterone, oxymetholone, methandienone and 17α-methyl dihydro-
testosterone, respectively) while cross-reactivities of other steroids were negligible. Several types of 
protein concentrates, vitamin food supplements and pharmaceutical formulations have been tested 
demonstrating the potential of the method to detect perorally active 17α-methyl steroids in these 
complex matrixes.  
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Analysis of anabolic androgenic steroids by DART ionisation with time-of-flight 
mass spectrometry 
 
E.A. Prokudina1, J. Prchalová2, E. Vyšatová3, M. Kuchař1,4, A. Rajchl2 and Oldřich Lapčík1 
1Department of Chemistry of Natural Compounds and 2Department of Food Preservation, Faculty of 
Food and Biochemical Technology, University of Chemistry and Technology Prague, 3Czech 
Agriculture and Food Inspection Authority and 4Forensic Laboratory of Biologically Active Substances, 
University of Chemistry and Technology Prague, Czech Republic; oldrich.lapcik@vscht.cz 
 
We have verified applicability of direct analysis in real-time ionisation coupled with a time-of-flight 
mass spectrometer (DART-TOF) for the detection of anabolic androgenic steroids in supplements and 
pharmaceuticals. DART-TOF was optimised for the analysis of 11 frequently misused anabolic 
androgenic steroids and their derivatives, namely testosterone, testosterone acetate, testosterone 
cypionate, nortestosterone, nortestosterone decanoate, boldenone, boldenone undecylenate, 
methyltestosterone, mestanolone, methandienone and oxandrolone. The optimised DART-TOF 
method was used to analyse real samples of anabolic androgenic supplements/pharmaceuticals 
seized on the black market. Validated GC×GC-TOF was used as a reference method. It was found 
that DART-TOF method is suitable for rapid routine qualitative and potentially semi-quantitative 
screening of anabolic androgenic steroids in supplements and pharmaceuticals. Anabolic androgenic 
steroids can be analysed directly without any sample pre-treatment, which reduces the sample 
preparation time and hence the overall analysis time. 
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Quick test for the detection of blue-green algal toxins 
 
Christina Liedert1, S. Akter2, T. Teerinen1, L. Hakola1, L. Hakalahti1, U. Lamminmäki2, M. Vehniäinen2 

and R. Fagerström1 

1VTT Technical Research Centre of Finland Ltd. and 2Department of Biotechnology, University of 
Turku, Finland; christina.liedert@vtt.fi 
 
Cyanobacteria, also known as blue-green algae, are found all over the world in marine and freshwater
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environments. Eutrophication of natural waters has increased the appearance of algal blooms that 
may be toxic. Cyanotoxins affecting nerves, liver and skin can poison and even kill animals and 
human. Due to complexity and cost of current water quality tests, safety monitoring is currently 
performed mainly by health officials. We are developing an easy-to-use, low-cost and sensitive quick 
test for consumers who wish to test their recreational and drinking waters for the presence of 
cyanotoxins. The diagnostic test is based on antibodies that allow two-site recognition of microcystins 
and nodularins. These antibodies enable microgram per litre level sensitivity in a microfluidic test. The 
test platforms are fabricated in a roll-to-roll process to guarantee low cost per chip. Add-just-a-sample 
type and thus user friendly test is accomplished by depositing antibodies on the microfluidic chip 
comparable to a lateral flow test strips. We also present a mobile phone-based fluorescence read-out 
device that allows analysis, storage and ultimately data sharing. Finally, as majority of the toxins are 
intracellular, we are investigating instrument-free cell lysis techniques which could be integrated as a 
part of the test kit. The study includes a commercialisation plan for the test kit, including definition of 
beneficiaries, end users and routes to market. 
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Towards an optimal strategy for (droplet) digital PCR quantification 

Antoon Lievens, N. Bassani, C. Savini and M. Querci 
Institute for Health and Consumer Protection (IHCP), European Commission Joint Research Centre, 
Italy; antoon.lievens@ec.europa.eu 
 
Harmonisation of analytical methods for regulatory testing is mandatory to ensure that regulatory 
requirements are met, also in case where the paper trail is less than sufficient. Currently, real-time 
polymerase chain reaction (qPCR) is the gold standard whenever DNA-sequences or molecules are 
targeted. A typical application is the verification of presence of certain species biological contaminants 
or GMOs, etc. (Droplet) digital PCR systems are rapidly gaining importance in this context because 
they offer precise absolute and relative quantification, without the need for calibration curves. In digital 
PCR, samples are separated into a large number of partitions and the reaction is carried out in each 
partition individually. The distribution of target sequences across the partitions is a Poisson process 
and the application of Poisson statistics not only allows the calculation of the initial amount of target 
copies, it also allows a straightforward calculation of confidence intervals for the copy number 
estimates. In the context of GMO testing, we have investigated both theoretically and practically how 
to obtain the smallest and most reliable confidence intervals for absolute and ratio quantifications (i.e., 
transgene to endogenous DNA ratio). We conclude that the Poisson confidence intervals, as 
calculated from the counts of the positive and negative partitions, do not capture all the variance 
present in the analytical process and that ‘merging’ reactions may further decrease the coverage of 
these confidence intervals. This may lead to bias in the final conclusions of an analysis, most notably if 
insufficient repeats are included in the assay. We propose a more ‘ad hoc’ strategy to obtain 
confidence intervals for dPCR results based on both independent and technical repeats that is 
straightforward to implement and is shown to outperform the confidence bounds returned by the 
commercial digital PCR software. The results and conclusions derived from the GMO testing context 
as well as the sampling strategies proposed are equally valid for and may be applied to other fields 
where DNA sequences or well-known molecules serve as detection target.  
 
P30 

Detection of food pathogenic bacteria, Campylobacter jejuni, by a quartz 
crystal microbalance based sensor 
 
Noor Azlina Masdor1,2, Z. Altintas2 and I.E. Tothill2 
1Biotechnology Research Centre, MARDI HQ, Malaysia and 2Cranfield University, UK; 
n.masdor@cranfield.ac.uk; i.tothill@cranfield.ac.uk 
 
Campylobacteriosis is a foodborne illness caused by bacteria of the genus Campylobacter and is 
among the most reported case of foodborne illness in the UK. The current techniques involve culturing 
and immunodetection which are time consuming; hence, the development of a simple, rapid and 
robust biosensor method is required. This work describes the development of a quartz crystal 
microbalance (QCM) sensor array for real time detection of the bacterium Campylobacter jejuni. The 
bacterium was detected using three different modes that were direct, sandwich and signal 
amplification assays using gold nanoparticles-conjugated detector antibodies. The results show that 
the performance of the QCM immunosensor developed with conjugated gold nanoparticles in the 
sandwich format gave the highest sensitivity with a limit of detection (LOD) of 214 ±140 cfu/ml
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compared to direct and sandwich assays with LOD values of 122,214±71,363 and 10,240±5,553 
cfu/ml, respectively. The LOD obtained in the sandwich format was much lower than LOD values for 
conventional ELISA method that ranges from 103-105 cfu/ml indicating that the use of QCM with 
antibody conjugated gold-nanoparticle could produce a more sensitive method of detection for C. 
jejuni in comparison to the widely used ELISA technique. 
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Rapid lateral flow detection of viable beer spoilage bacteria 
 
Kathleen Merx, U.-M. Kohlstock and S. Rudolph 
DNA Diagnostik Nord GmbH, Germany; k.merx@becit.de 
 
Beer-spoiling microorganisms cause an increase of turbidity and unpleasant sensory changes of beer. 
Since improved process technology in modern breweries has resulted in significant reduction of 
oxygen content in the final products, the role of strictly anaerobic bacteria like Pectinatus and 
Megasphaera have increased. The detection of these organisms, which is traditional done by 
incubation on culture medium, takes a week or even longer. So, the development of a more specific 
and rapid method for the detection of beer spoilage organisms is needed. The developed rapid test 
system has significant time- and labour-saving benefits over traditional methods. It also has benefits 
over PCR and real-time PCR, which, although highly sensitive, are susceptible to experimental 
interferences, such as template inhibition from insufficient purification. This rapid lateral flow system is 
based on the detection of rRNA target molecules by means of specific capture and detection probes. It 
compromises the detection of the most prominent beer spoilage bacteria of the genera Lactobacillus, 
Pediococcus, Pectinatus and Megasphaera on one lateral flow device. A single identification of the 
most important representatives of these genera can also be carried out. These include Lactobacillus 
brevis, L. buchneri, L. lindneri, Pediococcus damnosus, Pectinatus frisengensis, P. cerevisiiphilus and 
Megasphaera cerevisiae. This rapid and easy to handle assay is independent of the influence of 
sample matrices and is able to distinguish between live and dead cells. Furthermore, it allows the 
detection of nonculturable microbes. 
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Multi-mycotoxin analysis using immunoaffinity column clean-up for a range of 
samples prior to LC-MS/MS detection 
 
J. Wilcox, D. Leeman, E. Marley, C. Milligan and Ronald Niemeijer 
R-Biopharm Rhône, UK/Germany; r.niemeijer@r-biopharm.de 
 
R-Biopharm Rhône’s immunoaffinity columns offer a versatile solution for multi-mycotoxin analysis 
whereby the immunoaffinity columns can be used in tandem with one another to cover the regulated 
mycotoxins applicable to a particular food matrix. AOF MS-PREP® and DZT MS-PREP® immuno-
affinity columns were tested in tandem to determine the applicable mycotoxins, i.e. total aflatoxin 
(AFT), ochratoxin A (OTA), fumonisins (FUM), deoxynivalenol (DON), zearalenone (ZON), T-2 and 
HT-2, in a number of cereals and cereal based products. The samples were analysed using a single 
extraction followed by immunoaffinity clean-up with the columns connected in tandem. The eluted 
solution was analysed by LC-MS/MS with a multi-mycotoxin method. Matrices analysed were maize 
based infant food, beer, bread and breakfast cereal. Samples were spiked at legislative levels and 
recoveries all met EU method performance criteria.  For infant food average recoveries were as 
follows; DON, 106%; AFT G2, 74%; AFT G1, 90%; AFT B2, 83%; AFT B1, 78%; FUM B1, 90%; FUM 
B2, 84%; HT-2, 112%; T-2, 90%; OTA, 62%; and ZON, 91%. 
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Enzymatic quantification of histamine in fish, canned fish and fish meal 
 
M. Lacorn, S. Lindeke, G. Garrido and Ronald Niemeijer 
R-Biopharm, Germany; r.niemeijer@r-biopharm.de 
 
Histamine can be produced in harvested fish and fish-derived products as a result of bacterial 
decarboxylation of histidine. While low concentrations of histamine are involved in local immune 
responses as well as regulating physiological, uptake of high concentrations of histamine can cause 
toxicological effects. Since legal limits exist for fish and fish products in different regions in the world, 
there is a permanent need for methods with a simple and robust extraction method and results with
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high precision and a good recovery. Current methods for determination of histamine are HPLC, ELISA 
and fluorimetry. Often the sample preparation involves derivations steps and dilution steps, which 
make these methods laborious and time-consuming. We would like to present a new enzymatic 
method for the specific quantification of histamine in fresh fish, canned fish and fish meal consisting of 
a microtiter plate (coated with substrates) and ready to use reagents (buffer, calibrators, enzyme 
solution). After extraction of the sample with boiling water, the determination of histamine is performed 
within 15 min at 450 nm. The LOQ is 2 and 10 mg/kg for fish or fish meal, respectively, and the 
recovery between 85 and 105%. The linear range is from 5-100 and 25-500 mg/kg for fish and fish 
meal, respectively. Intermediate relative standard deviation was between 9 and 13% for samples 
ranging from about 50 mg/kg (fish) to 770 mg/kg (fish meal). Trueness was estimated by parallel 
measurements with HPLC at the NRL in Spain. The procedure contains no dilution steps, no washing 
steps like for an ELISA, and a clear defined end-point of the enzymatic reaction. The kit is flexible and 
scalable; it has a high throughput capacity but it also allows to running only a few samples. 
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STEC screening and STEC identification using real-time PCR 
 
André Olthoff 
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Every year, food-borne illnesses caused by Shiga-like toxin producing Escherichia coli (STEC) claim 
many lives worldwide. STEC have been encountered in vegetables, sprouted seeds, raw milk and 
cheese, as well as fresh, minced, and mixed meat preparations. Most infections are caused by E. coli 
serotype O157 and a number of non-O157 E. coli serotypes (e.g., ‘Big Six’). In 2011, E. coli O104:H4, 
not a member of the ‘Big Six’, caused a serious outbreak in Germany. Screening for STEC using the 
virulence factors stx1, stx2, and the intimin eae gene, followed by identification, is recommended by 
ISO. BIOTECON Diagnostics has developed two real-time PCR kits that enable the easy screening for 
STEC and the subsequent identification of the most important eight serotypes in less than 24 h. The 
foodproof® STEC Screening LyoKit detects stx1, stx2, eae, and the internal amplification control in 
one single PCR reaction. The assay is based on ISO/TS 13136, but it was further expanded to detect 
all known variants of the stx genes. In particular, stx2f is missing from the ISO method, but can be 
easily detected using this kit. Following screening, the most important eight serotypes can be identified 
in just one additional reaction using the foodproof® STEC Identification LyoKit. For convenience, 
safety, and easy storage the reaction mixes in the foodproof® LyoKits are pre-filled and lyophilised, so 
that the sample DNA can be added directly to the reaction tube. Thus, these kits allow an easy and 
convenient screening and identification of the ‘Big Six’, E.coli O157 and O104:H4 in less than 24 h 
using real-time PCR technology. 
 
P35 

Direct analysis of aflatoxin M1 in raw not skimmed milk using B ZERO AFLA 
M1 ELISA kit 
 
F. Diana, E. Bianco and Lidija Persic 
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ELISA kits for the detection of aflatoxin M1 in milk usually recommend testing samples after skimming, 
obtained firstly by refrigeration and then by centrifugation. This is an easy sample preparation 
procedure, but in case of high-throughput analysis or when fast results are needed, it could represent 
a bottleneck. Moreover, sample preparation is a key step conditioning the reliability of the analysis, 
and also affects the overall analytical time and cost. The aim of the present work was to investigate 
whether raw fat milk could be directly analysed by B ZERO AFLA M1, an ELISA test kit for the 
quantitative detection of aflatoxin M1 in the range of 10-200 ng/l. To verify its trueness and precision, 
the assay was firstly validated with incurred and skimmed reference materials. For contamination 
levels of aflatoxin M1 between 20 and 150 ng/l, the mean recovery was 98±7% (n=30 determinations); 
the mean intra-assay coefficient of variation (CV) was 3% and the mean inter-assay CV was 8%. 
Then, 20 blank and low-contaminated milk samples (<20 ng/l), were analysed both as skimmed and 
not skimmed. The statistical analysis of samples relative signal (B/B0) showed normal distribution, and 
Student t test p value (>0.05) confirmed that there was no significant difference between the two kinds 
of samples. Similar results were obtained for incurred milks (20-200 ng/l of aflatoxin M1), and the 
correlation between skimmed and not skimmed samples was high (r2=0.99). This study shows that 
reliable quantitative results can be obtained in case of the presence fat in milk as well, and therefore
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confirms that milk samples can be analysed by B ZERO AFLA M1 kit directly. The validation results 
indicate that B ZERO AFLA M1 ELISA kit is an accurate and precise screening tool that, thanks to 
direct sample analysis, ensures speed of analysis (only 30 min assay), easy of use (no further 
calibrator has to be run except for the ‘zero’ standard), reduction of any additional source of error apart 
from assay implementation, and cost effectiveness. 
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An SPR sensor for adenovirus analysis 
 
Jack Pocock1, Z. Altintas1, K.-A. Thompson2 and I.E. Tothill1 
1Cranfield University and 2Public Health England, UK; j.pocock@cranfield.ac.uk; 
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Today’s water purification methods are still unable to completely remove pathogenic viruses from 
drinking water. Therefore, it is necessary to develop new, innovative methods to combat this problem. 
Adenoviruses are an example of virus that can cause infection in humans by transmission via water; 
hence, the human adenovirus serotype 5 was used as a target virus in this research. Molecularly 
imprinted polymers (MIPs) were synthesised as affinity ligand for adenovirus since they can be easily 
produced at a lower cost than antibodies, and if produced successfully, can exhibit higher affinity to 
their target. MIPs targeting the adenovirus were synthesised manually using glass beads as a solid 
support for the polymerisation process, creating high-affinity nanoparticles against the virus. Affinity 
was determined as dissociation constant (KD) which indicates the binding interaction between virus 
and its specific MIPs using a surface plasmon resonance (SPR) sensor platform. Cross-reactivity 
studies were also performed by testing the binding of bacteriophage MS2 to the adenovirus-targeted 
MIP, showing a lower affinity for this virus. This work confirmed the suitability of the MIP sensor for the 
detection of viruses. The application can also be extended to the separation and detection of other 
pathogenic agents, such as bacteria and fungi from water.  
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CIM monoliths as tools in waterborne virus research 
 
Nejc Rački1, I. Gutierrez-Aguirre1, A. Steyer2, P. Kramberger3, B. Brajer Humar4 and M. Ravnikar1 
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Enteric viruses are a major cause of waterborne infections and outbreaks. Because traditional 
wastewater treatments are not efficient in their removal, infectious viruses are released daily into 
environmental waters. Due to their resistance to environmental degradation, they can find their way 
into different water sources. As waterborne viruses are usually found in very low but still infective 
concentrations, a concentration step is needed before detection or quantification. CIM monolithic 
supports have enabled chromatography to enter the field of virology. In the last years, our group has 
successfully applied CIM monolithic chromatography for purification and/or separation of different 
human and plant viruses, such as rotavirus, calicivirus, potato virus Y, tomato mosaic virus and potato 
spindle tuber viroid. Recently, we have shown that CIM monoliths can be successfully used for 
simultaneous concentration of five among the most important enteric waterborne viruses (rotavirus, 
norovirus genogroup I and II, astrovirus, sapovirus). The concentration of the wastewater treatment 
plant effluent with CIM column resulted in an increase of each virus concentration of approximately 2 
orders of magnitude, enabling the detection of viruses in samples that would otherwise give negative 
results. State of the art molecular techniques allowed us to quantify waterborne viruses (such as 
PMMoV and RoV) without the need for standard curve and with less sensitivity to inhibitors (ddPCR) 
[1] or detect them on site (LAMP) [2]. Besides concentration, we have demonstrated that CIM 
monoliths can be a valuable tool for waterborne virus removal as well [3]. Removal performance of 
CIM monoliths was evaluated in effluent from waste water treatment plant on the same five enteric 
viruses mentioned above. Combining CIM quaternary amine and hydroxyl chemistries enabled 
successful elimination of viruses from effluent. The applicability of CIM monoliths for binding, 
concentrating and separating viruses makes them a valuable sample preparation tool for next 
generation sequencing (NGS) experiments targeting viruses. We used them, for the first time, to 
enrich a putative reovirus present in a child with gastroenteritis symptoms before performing NGS in 
the Ion Torrent platform [4]. The inclusion of a CIM purification step using a gradient elution resulted in 
an increase of the virus specific reads linked to a decrease in background nucleic acids, which
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facilitated the post sequencing data analysis enabling the detection of a reovirus with highest identity 
to isolates found in European bats. Presented applications demonstrate the versatility of CIM 
chromatographic supports to be used in virological studies. References. 1. Rački, N., Dreo, T., 
Gutierrez-Aguirre, I., Blejec, A. and Ravnikar, M., 2014. Plant Methods 10: 307. 2. Lenarčič, R., 
Morisset, D., Mehle, N. and Ravnikar, M., 2013. Plant Pathology 62: 1147-1156. 3. Rački, N., 
Kramberger, P., Steyer, A., Gašperšič, J., Štrancar, A., Ravnikar, M. and Gutierrez-Aguirre, I., 2015. 
Journal of Chromatography A (in publication). 4. Steyer, A., Gutiérrez-Aguire, I., Kolenc, M., Koren, S., 
Kutnjak, D., Pokorn, M., Poljšak-Prijatelj, M., Rački, N., Ravnikar, M., Sagadin, M., Fratnik Steyer, A.  
and Toplak, N., 2013. Journal of Clinical Microbiology 51: 3818-3825.  
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With the growing number of GMOs currently introduced on the global market, testing laboratories have 
seen their workload significantly increasing, highlighting a need for more efficient, higher throughput 
test systems. Currently, GMO testing entails a complex multi-step procedure made of an initial 
screening phase, detecting whether any GMOs are present; followed by an identification phase, 
revealing which particular GM events occur in the sample; and finally, if needed, relative quantification. 
This procedure relies on real-time PCR assays, which are nowadays considered the gold standard for 
the analysis of GMO in food and feed commodities. Ready-to-use multi-target detection systems, such 
as pre-spotted plates (PSPs), are tools that allow reducing the analysis time and increasing 
laboratories' capacity. PSPs are plastic supports, e.g., 96-well plates, for real-time PCR in which 
primers and probes targeting the chosen GM elements/events are pre-dispensed, thereby permitting 
to quickly perform a multi-target analysis in a single PCR experiment. Such PSPs have already been 
developed and described in the past by Querci et al. [1]. This work describes the development and 
applicability to the first step of GMO testing of a screening PSP, a system that allows the detection of 
all GMOs authorised in the EU market through the combination of 16 assays only. These 16 assays 
do, in addition, detect many unauthorised GMOs. Assays validated for detecting commonly used GMO 
elements were adapted in-house for use on PSP with no change in method specificity and sensitivity. 
To establish a powerful screening strategy, the screening PSPs are combined with a web-based 
decision support system developed in our laboratory (JRC GMO-Matrix) that provides an exhaustive 
list of GM events to be taken into consideration for the identification phase based on the screening 
results obtained. The performance of the described screening strategy (PSP and JRC GMO-Matrix) 
was demonstrated on the occasion of an interlaboratory study involving 20 European official testing 
laboratories and 135 food/feed samples. It successfully identified the GM content in all samples in 
95.7% of the cases. False negative results were always associated with weak amplification signals, 
i.e., with GM contents close to limit of detection. The positive outcome of this study allows reflecting on 
the adoption of the PSP strategy across the EU, a change that would increase the harmonisation and 
quality of GMO testing in the EU. Moreover, PSPs could become a model for other official control 
areas where high-throughput DNA-based detection systems are needed. References. 1. Querci, M., 
Foti, N., Bogni, B., Kluga, L., Broll, H. and Van den Eede, G., 2009. Food Analytical Methods 2: 325-
336. 
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Olive oil can become contaminated with polynuclear aromatic hydrocarbons (PAHs) through exposure 
of the olives to pollution in the environment. Concern over exposure to these compounds has resulted 
in European Union Commission Regulation (EU) No 835/2011. This regulation sets a maximum limit 
for PAHs in edible oils of 2 ng/g benzo(a)pyrene alone, and 10 ng/g total for the sum of 
benzo(a)pyrene plus three additional PAHs. Low level PAH analysis is commonly done by either GC-
MS or HPLC-FLD. Oily/fatty samples present an analytical challenge due to the heavy matrix effects
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often encountered. In the case of GC-MS, fatty matrix can cause contamination of the GC inlet, 
column and detector. In the case of HPLC, matrix can build up on the column, resulting in loss of 
chromatographic efficiency and/or an increase in system backpressure. Various clean-up techniques 
exist for fatty samples, and some can be time consuming and expensive. In this work, a new SPE 
cartridge containing two different sorbent layers was evaluated in the simultaneous extraction and 
clean-up of PAHs from olive oil. The layers consist of Florisil and a mix of Z-Sep/C18. Olive oil sample 
was loaded directly onto the SPE cartridge, followed by elution of the PAHs with acetonitrile while fatty 
matrix remained bound to the sorbents. The resulting extract was concentrated and analysed by both 
GC-MS and HPLC-FLD. The dual-layer SPE cartridge was evaluated with olive oil samples spiked 
with light and heavy PAHs, and found to yield recoveries of >70% and % RSD values <15% for most 
compounds.  
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Validation of a shorter protocol for detection of Salmonella enterica subsp. 
enterica in peanut butter samples followed by an rRNA detection system 
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Foodborne pathogen Salmonella is commonly evaluated in manufacturing of peanut butter and other 
food products. For the HybriScanD Salmonella test the ISO-based enrichment method is 
recommended. That means sample pre-enrichment for 18 h at 37°C in buffered peptone water (BPW) 
followed by a selective enrichment step in Rappaport Vassiliadis (RV) broth for 24 h at 41°C. 
HybriScanD Salmonella is an rRNA sandwich hybridisation detection system which needs at least 500 
cfu/ml for the assay. Salmonella enterica subsp. enterica (ATTC 13311) was detected by the use of 
HybriScanD Salmonella test. The matrix to be examined was peanut butter (9 different brand codes 
with 12 different code dates). The enrichment time described in the protocol of the HybriScanD 
Salmonella test takes 42 h. In our experiment, the enrichment time was decreased to 24 h in total. The 
cultivation time of the pre-enrichment BPW culture took 18 h; the incubation time of the selective 
enrichment culture in RV broth was shortened to 6 h. In addition, all samples and the negative controls 
were tested and verified for Salmonella according EN ISO 6579:2002. 106 of the 107 inoculated with 
Salmonella enterica peanut butter samples were identified as clearly contaminated with Salmonella by 
the use of HybriScanD Salmonella assay. The result of 1 sample was considered questionable. All 
negative controls gave negative results in the HybriScanD Salmonella assay. 1-5 cfu of Salmonella 
spp. in 25 g peanut butter can be positive identified by the HybriScanD Salmonella assay after 24 h 
enrichment time. In conclusion, the test results have shown the possibility to shorten the enrichment 
time of pre-and main culture for the HybriScanD Salmonella test from 42 h to a total of 24 h for peanut 
butter as matrix to be examined.  
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A sensitive, cultivation-independent method for the detection of genus Legionella and the species 
Legionella pneumophila in water systems: the assay is a sandwich hybridisation assay for 16S rRNA 
with an optical signal read out based on two oligonucleotide probes making the method highly specific. 
The system detects only viable cells (not like RT-PCR) and, due to the high number of 16S RNA 
molecules, the possibility to apply the method directly in crude cell extracts without prior enrichment 
and purification steps. A high sensitivity was obtained by modifying the probe chemistry and 
hybridisation conditions. The sensitivity of the assay is 10,000 cfu/l without enrichment and 1-10 cfu/l 
after enrichment in BCYE medium. It is possible to do a quantitative analysis as the optical signal is 
proportional to the number of ribosomes that correlated with cell numbers. The method was validated 
against ISO method 11731-2 2008 (GVPC, BCYE agar) and the cell numbers from 39 samples 
measured by the in situ hybridisation assay were comparable to the colony forming units found with 
the ISO method. The test is performed on a common microplate format within 2.5 h. 
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Classical swine fever (CSF) is a highly contagious and lethal disease in swine and is listed as a 
disease notifiable to the World Organisation for Animal Health (OIE; Office International des 
Epizooties). CSF virus (CSFV), bovine viral diarrhoea virus (BVDV) and border disease virus (BDV) 
are all closely related pestiviruses. Accurate serological diagnosis may be difficult as antibodies 
against the two main immunogenic proteins of BVDV and BDV, E2 and Erns can cross-react with the 
orthologous CSFV proteins that are used in the diagnostic assays. Currently, a virus neutralisation test 
(VNT) is prescribed for final confirmation of testing for CSFV antibodies and differentiation from 
antibodies against BVDV or BDV. Disadvantages of VNT are that it is laborious and takes several 
days, that it requires facilities to work with live virus, and lastly that it is not capable of accurately 
detecting double infections. The goal of this research is to develop a fast multiplex serological assay 
that reliably can detect and differentiate between antibodies against the three pestiviruses and is 
capable of detecting multiple infections. To this end, protocols were developed to conjugate beads 
with various CSFV derived peptides and to use the resulting beads for detection of CSFV antibodies in 
pig sera. In addition, a procedure was developed that allows for rapid screening of peptides in 
suspension arrays, using small amounts of non-purified peptides (crude peptides) synthesised with an 
innovative technology at an average purity of ~70%. The results demonstrate that, after immobilisation 
on a surface with a streptavidin-like molecule, N-terminally biotinylated peptides can be used to 
capture antibodies from solution. Crude peptides are capable of capturing antibodies, as shown with 
peptides representing epitopes of proteins from human immunodeficiency virus, canine parvovirus and 
CSFV. Finally, experiments with pig sera demonstrate that peptide-conjugated beads can specifically 
detect antibodies against CSFV in pig sera and do not cross-react with antibodies against BVDV and 
BDV. In conclusion, the developed protocols can be used the prepare peptide conjugated beads that 
can be used to capture specific antibodies. This expertise is being used to develop a comprehensive 
pestivirus serological suspension array with multiple peptides, suitable for rapid differentiation between 
antibodies against all three pestiviruses and capable to correctly identify double infections in pig sera. 
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Since the introduction of next generation sequencing (NGS), a huge number of isolated bacteria and 
fungal organisms have been sequenced. In parallel, there is a growing interest in the genomic 
analyses of complete bacterial and fungal communities; the direct sequence analysis of metagenomes 
was shown to provide important explanations for phenotypical behaviour in specific environments. A 
well-known global initiative concerns the human microbiome project but there are also numerous 
applications in food research, biotechnological processes, (water) safety and quality assurance and 
clinical diagnostics. Although it is possible to sequence a complete metagenome, the analysis is 
challenging and complex due to the required untangling of multiple genomes based on short-read 
information. Therefore, the most common application is to focus on the taxonomic classification of 
sequences based on unique target regions, such as the 16S ribosomal gene, which includes a number 
of unique variable regions. Although considerable effort has been put into the development of 
bioinformatics tools to perform the taxonomic analysis of metagenomes, it is still challenging to 
visualise multiple sample-specific species distributions in a simple and intuitive manner. In most 
cases, researchers find it rather complex to retrieve exactly the right information from output files 
preventing them from directly answering the original research question. In this work, we present an 
overview of a new and comprehensive metagenomics analysis pipeline that we are using to prepare, 
sequence and analyse metagenomics samples from a range of environments. In this holistic 
approach, we start with laboratory techniques that take into account and reduce as much as possible 
the sources of possible bias that can be introduced into metagenomics datasets by laboratory steps, 
such as sampling procedures and DNA isolation. Importantly, it has been well established that
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differences in the cell wall and membrane can result variations in the efficiency of DNA isolation from 
different species, thereby directly influencing the results of a metagenomics analysis. We further 
include both biological and technical controls to continually validate the process. The bioinformatic 
analysis is now performed in the  BaseClear metaGenome Browser (BmGB)TM, an online platform that 
we now introduce, in which researchers (with or without any bioinformatics training) can easily 
interpret the taxonomic composition of hundreds of metagenomes using intuitive interfaces and 
efficient analyses. On a number of metagenomics datasets we show the BmGBTM offers an easy way 
to screen individual metagenomes at multiple levels (e.g., species, genus or higher). Also graphical 
visualisations are available that provide a comprehensive overview of all samples (and their controls) 
included in a project, enabling users to perform a comparative analysis (e.g., a comparison of two or 
more different conditions) on-the-fly. The setup is built to provide a clear answer to the original 
research question which are usually not easily found in multiple analysis files provided after initial 
taxonomic assignment. The platform allows co-workers to share their project data through multiple 
logins and is built on secure connections and encrypted passwords to ensure data integrity. The 
BmGBTM platform is accessible at https://metagenomics.baseclear.com.  


