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The LAB-ON-SITE project started on the 1st of November of 2004 and duration was 45 months including six months of prolongation to complete dissemination of the results on different levels (publications, presentations, workshops, CDs, practical training, etc). The aim of the project was to improve the diagnosis of ten highly infectious and devastating Transboundary Animal Diseases (TADs) notifiable to the World Organisation for Animal Health (OIE): foot-and-mouth disease (FMD), swine vesicular disease (SVD), vesicular stomatitis (VS), classical swine fever (CSF), African swine fever (ASF), bluetongue (BT), African horse sickness (AHS), Newcastle disease (ND) and highly pathogenic avian influenza (HPAI). Considering the increasing epizootiological and epidemiological importance of Swine influenza (SI) this disease is also included in the list. The work programme was focused on new and emerging technologies specifically the development, validation and dissemination of robust, specific and sensitive diagnostic tests. It combined the development of improved “first line” diagnostics that can be used by veterinarians in the field with development of robust and simple nucleic acid detection methodologies that can be used in local laboratories. In addition, the work programme developed and evaluated diagnostic tests for TADs based on the most recent advances in real-time PCR technology, methods of detecting nucleic acid without thermocycling, as well as microarray and rapid readout formats. Nine Partner laboratories, two subcontractors and a third party representing diagnostic institutes, universities, SME and an international organisation of the United Nations (IAEA, FAO) were involved in the project (Table 1):

Table 1. Participants of the LAB-ON-SITE project. 

	Participant 
No
	Participant name
	Participant short name
	Country

	1
	The National Veterinary Institute (co-ordinator)
	SVA
	Sweden

	2
	The Queen’s University of Belfast
	QUB
	UK

	3
	National Veterinary Institute, Technical University of Denmark
	DTU
	Denmark

	4
	Universidad Complutense de Madrid
	UCM
	Spain

	5
	Veterinary Institute of Debrecen
	VID
	Hungary

	6
	SVANOVA Biotech AB
	SVANOVA
	Sweden

	7
	Istituto Zooprofilattico Sperimentale della Lombardia e dell´Emilia Romagna
	IZSLER
	Italy

	8
	Ghent University
	UGENT
	Belgium

	9
	Institute for Animal Health Pirbright
	IAH
	UK

	Subcontr. to P1
	OLINK Bioscience AB
	OLINK
	Sweden

	Subcontr. to P4
	Research Center Borstel 
	RCB
	Germany

	Third party
	International Atomic Energy Agency
	IAEA
	Austria


The programme focused on new and emerging technologies, specifically the development, validation and dissemination of robust, specific and sensitive diagnostic tests for the OIE notifiable diseases. It combined the development of improved “front line” diagnostics, like dip-stick tests, that can be used by veterinarians in the field with development of robust and simple nucleic acid and antigen-antibody detection methodologies in local laboratories and in abattoirs. In addition, the work programme developed and evaluated diagnostic tests for the TADs based on the most recent advances in real-time PCR technologies and methods to detect nucleic acids without thermocycling:

· New conventional (gel-based) PCR assays for the improved diagnosis of TADs such as HPAI and ND;

· New real-time PCR assays, which allow high throughput wide range diagnosis of TADs such as FMD, SVD, VS, BT and SI;

· Multiplex PCR assays for the simultaneous, very rapid detection of several viruses in clinical specimens; 

· Isothermal amplification methods (Invader, LAMP) for the rapid detection of the viruses at simply equipped laboratories, without the need of expensive PCR machines;

· Padlock probes and microarrays, which allow wide range detection of many pathogens in the same system;

· Dip-stick and Lateral Flow Devices  for the on-site detection of the viruses in the field during the outbreaks;

· Proximity Ligation Assays  for the improved detection of viral antigens by nucleic acid amplification;

· Novel ELISA systems for the improved detection of antibodies.

In addition, the project brought together an EU-based multidisciplinary, strong scientific team (Table 1), which developed a wide range of novel diagnostic assays, such as new PCR-based and isothermal amplification methods, novel multiplex diagnostic assays, simple “on-site” diagnostic methods and new serological assays. A wide set of novel diagnostic methods has been developed for the improved diagnosis of all the ten targeted TADs. The methods were introduced in diagnostic laboratories an internationally harmonised, following OIE regulations. By providing novel, highly sensitive, specific, high-throughput and robust methods for central institutes, for simply equipped field laboratories and for the on-site diagnosis in the field, the project had a strong contribution to the improved diagnosis and control of the devastating TADs worldwide.

Outcome of the project and dissemination of the results can be briefly summarised as follows:

· The web-site is regularly updated and results are available for the scientific community, see www.labonsite.com;

· SOPs are available and distributed to diagnostic laboratories;

· Technical support for the introduction of the methods in diagnostic laboratories is one of the main activities; 

· CDs with the publications from the project are distributed;

· The results are published by the International Atomic Energy Agency (IAEA) in a booklet and distributed to the institutes in the third countries, as well as EU partner laboratories;

· The new techniques are presented on diagnostic workshops in Central and East Europe, as well as in the Middle East;

· Technology and information transfer to the veterinary community, to animal health authorities and to stake-holders.

Objectives and major achievements during the whole duration of the project
The project’s 11 objectives, work performed on workpackage level and results covering the whole duration of the project are summarised below. 
Objectives 1: To develop and introduce rapid, simplified PCR systems for the “first line” diagnosis of OIE List A diseases (work performed within WP2 of the technical annex).
Major achievements 

· Rapid conventional and real-time RT-PCR (SYBRGreen, TaqMan, TaqMan-MGB) assays for the detection of AHSV (VP7, NS1 genes) and BTV (VP2, NS1 genes) were developed. 
· AHSV and BTV SYBRGreen and TaqMan-MGB real-time PCR assays have been applied and validated on the Mx3000P real-time PCR instrument. Detection of all the 9 AHSV can be performed within two hours.
· A versatile AIV real-time PCR assay using the Qiagen One-Step RT-PCR Kit was optimised for the analysis of main isolates originating from allantoic fluid. A few influenza virus positive organ samples were tested as well.
Summary

Different real-time PCR chemistries (SybrGreen, TaqMan-MGB) and instrumental platforms (LightCycler, Roche and Mx3000P, Stratagene) were optimised and validated for the detection of AHSV and BTV. The AIV real-time PCR assay using the Qiagen One-Step RT-PCR Kit is straightforward and can be recommended to laboratories involved in influenza outbreak investigations.
Objective 2: To develop and apply nucleic acid detection techniques without thermocycling, with special regards to Invader and NASBA methods (work performed within WP3 of the technical annex).
Major achievements 

· ASFV Invader assay (VP72 gene) using NucliSens EasyQ Basic Kit (BioMérieux) was designed and optimised on clinical samples.
· Four CSFV Invader assays (against Ns5b and 3’noncoding regions) designed and optimised. Further evaluation of these assays became impossible as TWT (Third Wave Technology, Madisson, Wisconsin, USA) ceased to make RNA Invader assays so the work on CSFV Invader technology was abandoned. 
· LAMP technology has been initiated. Successful tests has already been done designing a LAMP assay against ASFV VP73 and SVDV 3D. Results on SVDV LAMP pablished in the J Virol Metods (2007).
Summary

ASFV VP72 655T Invader assay was designed and evaluated on material from pigs experimentally infected with the strains E75 (18) samples, Malta (21 samples) and Malawi (18 samples). On-line access to “Invader Creator” (Third Wave Technologies, Madison, Wisconsin, USA) was granted to Partner 2, but as TWT has ceased to manufacture RNA Invader assays, it was decided to abandon the work for CSFV and FMDV. As an alternative, work on LAMP assays was initiated against ASFV (Partner 2) and SVDV (Partner 1). Work on ASFV LAMP was later suspended due to conflicts with other projects, but SVDV LAMP was successfully completed. 

Objective 3: To develop and evaluate novel nucleic acid detection methods (padlock probes and rapid readout formats) in order to elaborate a new generation of microarrays (work performed within WP4 of the technical annex).
Major achievements 

· Microarray-padlock probe database (FMDV, SVDV, and VSV) was created. 
· Padlock probes for SVDV, FMDV and VSV were designed and evaluated. Results published in the J Virol Metods (2007). 
· Final protocol of the SOP microarray and rapid readout format established and CDs with protocol were distributed among different research institutes in Europe.
Summary

A novel application of a method based on oligonucleotide reagents called padlock probes for the simultaneous detection and differentiation of three OIE-listed viruses FMDV, SVDV and VSV, as well as providing serotype information in cases of VSV infection was developed. The assay is performed in a single reaction tube with a few additions of reagents. In this format, information about a sample’s infectious status as well as serotype classification can be obtained in a short period of time. The method is capable of differentiating between FMDV, SVDV and VSV with high accuracy and good sensitivity.
Objective 4: To develop novel real-time PCR assays for detection of OIE List A viruses (work performed within WP5 of the technical annex).
Major achievements 

· Two and one-step SVDV and one-step BTV primer-probe energy transfer (PriProET) real-time PCR assays were developed by Partner 1 (SVA).
· A pan-SIV PriProET real-time PCR assay was developed and optimized by Partner 3 (DTU). 
· ASFV MGB (Minor Groove Binding) PCR assay was fully optimised and evaluated on material from pigs experimentally infected with different ASFV strains (Partner 2). 
· FMDV MGB PCR assay developed and tested on 86 samples representing 7 serotypes (Partner 2). Only one false negative sample was recorded.
· An SVDV MGB RT-PCR assay was also designed against the 2B gene, which had a sensitivity of 10 copies when fully optimized.
· One-step RT-PCR LUX assays had been designed for SVDV 5’NTR, VSV Ind L, VSV NJ L and VSV Ind G. 
Summary

At present PriProET real-time PCR assay is widely used by the Consortium for the detection of different viruses: SVDV (Partner 1), SIV (Partner 3, Partner 8), multiplex detection SVDV, FMDV and VSV (Partner 3). MGB and LUX technology are applied for the detection of ASFV, AHSV, FMDV, SVDV and VSV. As MGB technology proved more successful further optimisation of the LUX assays were terminated in favour of MGB assays.
Objective 5: To adapt the real-time PCR systems to portable PCR equipment, as further support for the “first line” diagnosis (work performed within WP5 of the technical annex).
Major achievements 

· One-step PriProET RT-PCR assays for FMDV, CSFV, ASFV, SIV, BTV were developed and evaluated during the lifetime of the project. Multiplex assays for vesicular viruses (FMDV, VSV, SVDV) and for haemorrhagic viruses (ASFV, CSFV) were also evaluated.
· A multicenter comparative trial was performed to evaluate automated nucleic acid extraction methods for virus detection. Three partners and other veterinary laboratories participated in the exercise to compare the performance of nucleic acid extraction robots. In general, there was good concordance between the results obtained for the different automated extraction platforms.
· Partner 2 has purchased a Mini-Opticon real-time PCR machine (BioRad). It is a viable option for use in abattoirs or regional laboratories lacking necessary equipment. It is semi-portable due to its small format, low weight (12kg) and possibility to run it on a car battery. The ASFV MGB PCR assay was selected as the assay to use for the evaluation of the BioRad Mini-Opticon instrument. PCR efficiency was 96%.
Summary

The Mini-Opticon offers a good compromise for on-site diagnosis, being fairly easy to use and transport. Further work with portable PCR equipment is continued with Participation of Partner1. At present Smiths Detection launched a newer version of BioSeeq™-Vet portable PCR machine. Partner 1 was in contact with the company representatives. Visit from Smiths Detection and colleagues from Brandeis University (USA) to SVA took place in May 2008. Work on development ASFV diagnostic PCR assay for the portable instrument has started and will be continued after the LAB-ON-SITE project termination.
A multicenter comparative trial provides data that can be used by laboratories to help select suitable robotic equipment for diagnostic use and further supports the use of optimised automated protocols for nucleic acid extraction.
Objective 6: To simplify antigen-antibody assays, with special regard to improvement of sensitivity and simplification of Ag-ELISA systems (work performed within WP6 of the technical annex). 
Major achievements 

Most of the work for the development and validation of improved ELISAs for both antigen detection and antibodies detection for all the target viruses (seven FMDV serotypes, AIVs with emphasis for H5 and H7 serotypes and SIVs) has been completed already by the second year. Afterward, objectives were mainly addressed to the “continuous validation” of the tests developed by their use in routine conditions, in large scale surveillance and in ring trials (see Objective 9 for details). Moreover, the following specific objectives were also pursued:
· Feasibility of MAbs-based competitive ELISAs for the detection of antibodies specific to FMDV serotypes SAT1 and SAT2: prototypes tests in the format of Solid Phase Competitive ELISA have been developed.
· Stabilization of ELISA plates and immunoreagents for the assays developed to mirror kit formats: Database of pre-coated microplates were prepared and it is ready for use.
Summary

For antigen detection and virus typing, the approach followed was the development of “sandwich ELISAs”, designed with combinations of MAbs either coated to the solid phase as catching antibody, or conjugated with peroxidase as tracing antibody. Given the variety of different virus serotypes and the huge number of MAbs available for each virus type, hundreds of different pairs of MAbs were evaluated in order to select those providing the best assays performances. 

For detection of FMDV:

· A platform of sandwich ELISAs for the specific typing of the seven FMDV serotypes; typing can be achieved either using selected combinations of catching and tracing MAbs both type-specific, or combining the pan-FMDV MAb 1F10, recognising all serotypes,  with a type-specific MAb. By the second approach the diagnostic platform is further simplified, as a unique efficient catcher or a unique efficient tracer is used for any virus type.

· Two type-independent tests for pan-FMDV detection: one of the test, based on the use of MAb 2A4 is able to detect 4 serotypes with the exclusion of the SAT types,  the other test based on MAb 1F10, cross-reacting with the seven FMDV types, can recognise any FMD virus, even if with a lower sensitivity for types SAT1 and SAT2. 

The MAb-based SPCE assay developed for the detection of antibodies to FMDV SAT 1 and SAT 2 showed high specificity and sensitivity. With respect to SPCEs carried out using rabbit and guinea-pig antisera, the MAb-based ELISAs are simpler, faster and, above all, more standardised, thanks to the employment of unique invariable MAbs.
For identification of Influenza viruses:

· A sandwich ELISAs for typing of H5 AIVs, based on the H5 specific MAb 5D8, used either as catching and as tracing antibody;
· A sandwich ELISAs for typing of H7 AIVs, based on the H7 specific MAb 7A4, used either as catching and as tracing antibody;
· A sandwich ELISAs for pan-group A influenza virus detection, based on the use of anti-NpA MAb, used either as catching and as tracing antibody.
The pan-group A-ELISA detected, with similar level of sensitivity as the type-specific ELISAs, any influenza virus of avian and swine origin.

Objective 7: To develop simple dip-stick tests for the rapid field or abattoir-diagnosis of OIE List A diseases (work performed within WP7 of the technical annex).
Major achievements 

· Twenty-two AIV lateral flow devices (LFD) developed by P6 as prototype on-site tests for antigen detection were received from Svanova and evaluated by P7.
· Prototype of the most recent version of LFD developed by P6 with the MAb anti-FMDV 1F10, cross-reactive with all the seven types of FMV were received from P6 and evaluated by P7 using as source of virus samples of FMDV grown in tissue culture with known infectious titres, representative of the seven serotypes.
· The proposed LFD against ASFV was evaluated by Partner 9. Results show a weak positive result that has to be optimised and further evaluated.
· The SVDV MAb used in the proposed prototype has been cultivated in order to produce a larger number of LFD that will be used in a validation study to be performed on clinical samples by Partner 9.
· The selected NDV MAb has been cultivated and purified in order to be evaluated in the future.
Summary

FMDV, SVDV, VSV, HPAIV, and ASFV dip-sticks were developed and most of them were evaluated with good sensitivity and specificity. NDV and AHSV dip-sticks are going to be evaluated in the future. FMDV sensitivity was increased further using an alternative method based on proximity ligation assay and combined with RT-PCR. FMDV pan reacting dip-stick and the sample preparation kit, both have been launched by Svanova Biotech as Svanodip® FMDV Ag penside test and the Svanodip® FMDV Ag extraction kit that now available on the market for diagnostic purpouses.
Objective 8: To automate the virus-detection procedures, in order to accelerate and simplify the diagnosis (work performed within WP5 of the technical annex).
Major achievements 

· Extraction robots were validated using BVDV as a model virus. The across-site trial was performed in close cooperation between P1, P3 and P9. The main conclusions from this exercise are: a) The majority displayed similar extraction efficiencies; b) Approximately 100-fold difference in extraction efficiency between worst and best performers; c) No cross-contamination. A manuscript is submitted to the J Virol Methods in July 2008.
Summary

The design and validation of eight automated extraction RNA/DNA extraction robotic platforms compared at Partner 1, 3 and 9 sites with a well-validated and sensitive manual extraction methods at Partner 3 site. BVDV used as a model pathogen to investigate the efficiency of the RNA extraction by different robotic systems in several diagnostic labs. Presented data indicates that the most systems purify the viral RNA very sensitive, also in comparison to the manual method. This study provides data that can be used by laboratories to help select suitable equipment for diagnostic use and further supports the use of optimised automated protocols for nucleic acid extraction.
Objectives 9: To standardise and validate the new tests by OIE standards (work performed within WP8 of the technical annex).
Major achievements 

· An internal control for CSFV rRT-PCR has been developed and evaluated by Partner 3. 
· Internal amplification controls for PCR assays against AIV and NDV have been developeded by Partner 5.
· Novel encapsidated RNA particles suitable for use as in-tube internal controls in diagnostic real-time RT-PCR assays for the detection of RNA viruses (FMDV and SVDV in the current case) were developed and evaluated by Partner 9.

· H5, H7 AIV antibodies ring trial was performed. The serological ring trial consisted in 20 lyophilized serum samples that will be sent to the participants with the request to test them.
· NPA, H5, and H7 AIV antigen detection ring trial was performed. The virological ring trial consisted in 9 lyophilized samples that will be sent to the participants with the reagents requested to analyze them.
Summary

The IC is resistant to nucleases, stable and quantifiable. Internal control can be incorporated in the developed CSFV real-time PCR assays. This IC can be added to the reaction components to be co-amplified with CSFV viral RNA present in the samples.
Amplification of encapsidated RNA particles was used to confirm that rRT-PCR inhibitors were absent from clinical samples, thereby verifying negative assay results. The recombinant CPMVs (Cowpea Mosaic Virus) did not reduce the analytical sensitivity of the rRT-PCRs when amplification of the insert was performed in the same tube as the diagnostic target. This system provides an attractive solution to the production of internal controls for rRT-PCR assays since CPMV grows to high yields in plants, the particles are thermostable, RNase resistant and simple purification of RNA-2 containing capsids yields a preparation which is non-infectious. In conclusion, an encapsidated particle with structural similarities to mammalian picornaviruses has been developed with the goal of improving quality control of diagnostic rRT-PCR assays. This particle has been shown to be a useful tool to validate the results generated by diagnostic rRT-PCRs and can play an important role in the quality control of these assays. The technology used is appropriate for other RNA viruses including those that infect humans, particularly non-enveloped picornaviruses and related viruses.

During four year of the LAB-ON-SITE project, two avian influenza ring tests were developed, one serological and the other virological. The AIV serological ring test was based on two MAb-based competitive ELISAs for H5 and H7 antibody detection. The AIV virological ring trial was based on three MAb-based sandwich ELISAs for NPA, H5 and H7 antigen detection. All the reagent and plates required to carry out the ring test were stabilized and provided to all the participants. Results were very satisfactory: all participants provided a correct identification of all virus strains by NpA-ELISA, H5- and H7-typing ELISAs. Correct results for the measurement of anti-H5, or anti-H7 antibodies were also obtained by all laboratories. Only one laboratory missed the low positive sera that were anyhow distinguishable from the negative ones.
Objectives 10: To apply the new methods for the “on-site” rapid field diagnosis of OIE List A diseases or for rapid and robust confirmatory tests in central laboratories (work performed within WP2-WP8 of the technical annex).
Major achievements 

Table below contains a list of methods developed during the whole duration of the project. 
	Method developed*
	Virus detection

	SYBRGreen real-time PCR
	AHSV, BTV, AIV

	TaqMan real-time PCR
	NDV, AIV, AHSV, BTV

	TaqMan MGB (Minor Groove Binding) PCR
	ASFV, FMDV

	LUX (Light Upon eXtention) PCR
	FMDV, SVDV, VSV

	Invader assay
	ASFV

	LAMP (Loop-Mediated Isothermal Amplification)
	NDV, FMDV, SVDV

	Padlock probes, microarray
	FMDV, SVDV, VSV

	PriProET real-time PCR
	FMDV, SVDV, VSV, SIV, BTV

	Dip-stick test
	FMDV, VSV, ASFV, SVDV, HPAIV, CSFV

	PLA (Proximity Ligation Assay)
	SVDV, FMDV, VSV, AIV, NDV 

	Sandwich ELISA
	FMDV, AIV


* Some assays are under optimisation 
Objective 11: To initiate and maintain a global dissemination programme aimed at animal health services and authorities, including practitioners, field laboratories, abattoirs, central laboratories and policy makers (work performed within WP9 of the technical annex).
Major achievements 

· Standard Operation Procedures (SOPs) of the developed and standardised diagnostic methods are collected from all partners and released on CDs and delivered to a range of veterinary diagnostic institutes in target countries in East-Europe, Middle East, Asia and Africa, by using the established networks of WP9. 
· The collection of SOPs will be published in a booklet (at preset in preparation), together with selected scientific descriptions (articles). The IAEA covers the costs of this publication, which will present the EU project and the outcome. In addition, IAEA will deliver the booklet to their network of veterinary institutes in Africa, in the Middle East, in Asia and in South America. The material will be distributed also on CD.
· A LAB-ON-SITE poster was prepared summarising the project as a whole, showing a range of new techniques and the website of project, where all details can be found. 
· Direct exchange of information is further strengthened with other EC projects, such as CSF & WILD BOAR, FLUTRAIN, FLUTEST, AsemDialog, ConFluTech and EPIZONE. 
· Molecular diagnostic workshops held in Kosice, Slovakia (main organiser Prof. Stefan Vilcek, University of Veterinary Medicine), with the direct contribution of LAB-ON-SITE and FLUTRAIN. 
· EU FP6 LAB-ON-SITE and INCOM, Technical Workshop on Molecular Diagnostic Tools, Lanzhou Veterinary Research Institute, Gansu, PR China, April 14-18, 2008. Three representatives from the LAB-ON-SITE consortium, SVDV PriProET real-time PCR and the pen-side test for the detection of FMDV antigen in swab samples (FMDV-Ag Svanodip®) that were developed in the frame of the project were presented during the workshop. Forty CDs with Standard Operation Procedures developed during the life of the LAB-ON-SITE project were distributed among participants.
· Two OIE sponsored meetings associated with FMD control in Vietnam: 1) 3rd Regional Workshop of the Southeast Asia Foot-and-Mouth Disease Laboratory Network, Hanoi, Vietnam, March 2008; 2). 14th Meeting of the OIE sub-commission for Southeast Asia, Hanoi, Vietnam, March 2008. There was a senior representation from the OIE (including Dr Vallat). Donald King (Partner 9) gave two presentations to describe diagnostic tools for FMDV detection. These included data generated from the LAB-ON-SITE project - such as validation data for laboratory-based RT-PCR, lateral flow device and mobile PCR.
· Dissemination of results in platforms, which directly reach the veterinary institutes, practitioners and the stake-holders. 
· The web-site of the project (www.labonsite.com) is regularly updated and used as a forum for changing information. The site is very active, providing the new methods to a wide range of visitors and showing the EC research area. 
Summary

LAB-ON-SITE project extension gave opportunity to strengthen further efforts towards to global dissemination of results targeted to users and other stakeholders. Meetings, seminars, key lectures, technical workshops were organised in the frame of transfer of knowledge with participation of LAB-ON-SITE Consortium members. More details could be found in the WP9 activity report that specially devoted to this task.[image: image1.png]
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