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1. Project execution
Project objectives

The main objective of the project is to develop novel control methods for fasciolosis in livestock, thus enhancing food safety and allaying consumer concerns. This objective will be realised three workpackages, as follows:  1) Epidemiology: The aim of the work in this package is to improve our understanding of the epidemiology of fasciolosis by determining farm-specific risk factors for infection, the role of wild life in transmission, improving the sensitivity of diagnosis of patent infection and improving our understanding of how genetic variation in populations of fluke affect their interaction with the intermediate snail host and their infectivity and pathogenicity for farmed livestock. Ultimately, this will lead to web-based predictive models which farmers can use to assess the seasonal and year-on-year risk of infection and disease in their herds and flocks and assist in decision making to assess if treatment is necessary, when to treat and which drug to use. This work package will also determine the significance of fluke infection in humans within the EU. 2) Anthelmintic resistance: The main aims of this workpackage are standardisation of field and in vitro assays for detecting anthelmintic resistance and determining the extent of triclabendazole resistance in Europe and in INCO Partner countries; and determination of mechanisms of drug action and resistance in order to formulate new strategies for conservation of drug efficacies. This workpackage also aims to develop protocols for the measurement of drug residues in food products and in the environment. 3) Immunoprophylaxis:  This workpackage aims to provide alternative, immunoprophylactic means of controlling fasciolosis. Work towards this aim encompasses studies of the basic immunology of infection as well as vaccine trials with new and existing recombinant antigens, and with DNA, carried out under controlled conditions. 

Specific objectives are:
WP1- Epidemiology:
1.1. Improved and updated information on the prevalence of F. hepatica infection within the EU

1.2. Formulation of a high precision, predictive spatial model for areas at high risk of fasciolosis

1.3. Development of new, sensitive diagnostic methods for detecting patent infections in sheep, goats, cattle and wildlife.

1.4. Estimation of the occurrence of F. gigantica in southern Europe

1.5. Improved diagnostics in intermediate hosts

1.6. Development of markers of genetic diversity in LF populations

1.7. Assessment of the diversity in European LF populations

1.8. Pilot study to determine prevalence of human fasciolosis in Europe

1.9. Maintenance of liver fluke life cycle to provide material for all work programmes

WP2- Anthelmintic Resistance:
2.1. To gain a greater understanding of the mechanisms of drug action.

2.2.  To determine mechanisms of drug resistance.

2.3. To identify markers for more sensitive molecular tests for resistance.

2.4.  To develop and standardise an in vivo assay for detecting drug resistance in the field.

2.5.  To develop and standardise an in vitro test for resistance.

2.6.  To carry out a field survey for the prevalence of drug resistance.

2.7.  To investigate the role of wildlife in the spread of resistant liver flukes.

2.8.  To standardise advice on the strategic control of fluke infections.

2.9.  To develop protocols for the measurement of drug residues in food products.

WP3- Immunoprophylaxis:
3.1
To characterise protective elements of innate and adaptive immune responses to F. hepatica.

3.2
To identify additional candidate vaccine antigens from juvenile and adult flukes and synthesise them by recombinant technology.

3.3
To identify immunoregulatory molecules and mechanisms in F. hepatica infection. 

3.4
To evaluate combinations of recombinant antigens in vaccine trials in cattle, sheep and goats.

3.5
To optimise the methods of administration, including DNA vaccination, dose, and adjuvant for vaccine antigens with the best protective profile.

3.6
To promote exploitation of the resulting vaccine technology, in accordance with the IPR policies of the partners in the consortium, and with the consortium agreement in operation.

Project partners

The project integrates the work of 16 partners from 10 countries:

P1: (Co-ordinator) UCO, Dr. José Pérez, Facultad de Veterinaria, Universidad de Córdoba (UCO), Edificio Sanidad Animal, Campus de Rabanales, Ctra. Madrid-Cádiz km 396, 14014 Córdoba, Spain. 

E-mail: an1pearj@uco.es, Tel: ++34 957 218178, Fax: ++34 957 218682.

P2: DCU, Dr. Sandra O´Neill, School of Nursing, Dublin City University, Glasnevin, Dublin 9, Ireland. 

E-mail: sandra.oneill@dcu.ie, Tel: ++353 1 705455, Fax: +353 1 7005658.

P3: UCD, Dr. Grace Mulcahy, School of Agriculture, Food Science and Veterinary Medicine, UCD Veterinary Sciences Centre, Belfield, Dublin 4, Ireland. 

E-mail: grace.mulcahy@ucd.ie, Tel: +353 1 7166180, Fax: +353 1 7166185.

P4: UWA (Period: 01/02/2006 to 30/06/2006), Dr. Peter Brophy,  Biological Sciences, Faculty of Science, University of Wales- Aberystwyth, Parasitology Research Group, Edward-Llwyd Building, Penglais Campus, Aberystwyth, UK. 

E-mail: pmb@aber.ac.uk, Tel: +44(0)1970 622331, Fax: +44(0)1970 622350.

P5: UNIEXE, Dr. Jennifer A. Littlechild, University of Exeter, Henry Wellcome Centre for Biocatalysis, EX4 4QD Exeter,   Devon (UK). 

E-mail: J.A.Littlechild@ex.ac.uk, Tel: +44 1392 263468, Fax: +44 1392 263434.

P6: LSTM (Period: 01/02/2006 to 031/07/2008), Dr. Diana Williams, Liverpool School of Tropical Medicine, Pembroke place, L3 5QA Liverpool, UK.

E-mail: williadj@liv.ac.uk, Tel: +44 151 705 3142, Fax: +44 151 705 3373.

P7: WSIP, Dr. Halina S. Wdrychowicz, Witold Stefanski Institute of Parasitology Polish Academy of Sciences, Twarda 51/55, Warsaw,  Poland.

E-mail: halinwe@twarda.pan.pl, Tel: +48 22 697 89 82, Fax: +48 22 620 62 27.

P8: QUB, Dr. Ian Fairweather, School of Biological and Food Sciences, Medical Biology Centre, Queen´s University Belfast,  Lisburn Road, BT9 7BL Belfast, UK.

E-mail: i.fairweather@qub.ac.uk, Tel: +44 28 90972298, Fax: +44 028 90975877.

P9: ID-Lelystad (Period: 01-02/2006 to 31/12/2007), Dr. Fred H.M. Borgsteede, Instituut voor Dierhouderij en Diergezondheid BV, part of the Animal Sciences Group of Wageningen UR, Edelhertweg 15, 8200 AB Lelystad, The Netherlands.

E-mail: fred.borgsteede@wur.nl, Tel: +31 320 238086, Fax: +31 320 238050.

P10: AUA, Dr. Georgios Theodoropoulos, Faculty of Animal Science, Department of Anatomy and Physiology, Parasitology Laboratory, Agricultural University of Athens, Iera Odos 75 Athens, Greece.

E-mail: gtheo@aua.gr, Tel: +30 210 5294387, Fax: +30 210 5294388.

P11: IEPP, Dr. Ilia Bankov, Institute of Experimental Pathology and Parasitology – BASc, Academy G. Bonchev bl 25, 1113 Sofia, Bulgaria.

E-mail: i_bankov@hotmail.com, Tel: +359 2 9792327, Fax: +359 2 710107

P12: ARG, Dr. Carlos E. Lanusse, Facultad de Ciencias Veterinarias, Laboratorio de Farmacología Veterinaria, Universidad Nacional del Centro de la Provincia de Buenos Aires, Campus Universitario, 7000 Tandil, Argentina.

E-mail: clanusse@vet.unicen.edu.ar, Tel: +54 2293 447108, Fax: +54 2293 426667.

P13: OCF, Dr. Miriam Tendler, Department of Helminthology, Oswaldo Cruz Foundation, Av. Brasil, 4365-manguinhos, Fiocruz, Brazil.

E-mail: mtendler@ioc.fiocruz.br, Tel: +55 21 2560-07, Fax: 55 21 2560-07.

P14: UNC, Dr. Pedro Ortiz, Facultad de Veterinaria, Universidad Nacional de Cajamarca, Av. Atahualpa 1050, Cajamarca, Perú.

E-mail: ortizpedroluis@yahoo.es, Tel: +00 51 76 362314, Fax: + 00 51 76 365852.

P15: LARA, Gerald Cannon, Lara Media Ltd., 54 Larkhill Rd, Whitehall, D9 Dublin, Ireland.

E-mail: ger@laramedia.net, Tel: +353 1 7979289, Fax: +353 1 7979289.

P16: ULI (Period: 01/07/2006 to 31/05/2009),  Dr. Peter Brophy, School of Biological Sciences, Biosciences Building, University of Liverpool , Crown Street, L69 7ZB Liverpool, UK.
E-mail: pmbrophy@liv.ac.uk, Tel: +44(0)151 795 4472, Fax: +44 (0)151 795 4406.
P17: CVI (Period: 01/01/2008 to 31/05/09), Dr. Fred H.M. Borgsteede, Instituut voor Dierhouderij en Diergezondheid BV, part of the Animal Sciences Group of Wageningen UR, Edelhertweg 15, 8200 AB Lelystad, The Netherlands.

E-mail: fred.borgsteede@wur.nl, Tel: +31 320 238086, Fax: +31 320 238050.

Work performed and results 

WP1- Epidemiology
The aim of the work in this package was to improve our understanding of the epidemiology of fasciolosis by determining the farm specific risk factors for infection, improving the sensitivity of diagnosis of patent infection and improving our understanding of how genetic variation in populations of fluke affect their interaction with the intermediate snail host and their infectivity and pathogenicity for farmed livestock.  Ultimately this will lead to web based predictive models which farmers can use to assess the seasonal and year on year risk of infection and disease in their herds and flocks and assist in decision making to assess if treatment is necessary, when to treat and which drug to use.  This work package has also determined the significance of fluke infection in humans within the EU.

Over 4,000 samples of milk and serum from England, Wales, Greece and Spain to determine the prevalence of infection in livestock in these countries.  The large scale survey in England and Wales has provided a complete coverage of these countries and enabled us to construct a GIS showing the spatial distribution of F. hepatica.  A risk analysis showed that climatic variables, particularly rainfall, temperature, soil type and presence of sheep are significantly correlated with a high prevalence of exposure to F. hepatica at a post-code area level.  Interestingly the data suggests that climatic variables occurring in the previous year or over a five year period can be used to determine the risk of F. hepatica infection.  However farm specific factors have yet to be identified to account for variation between individual farms in close proximity.
Characterisation of the F. hepatica soluble, juvenile and egg proteomes has been completed.  A novel GST has been identified and characterised and in addition an antigenic high molecular weight HSP (FhHEA1) identified in eggs.  A host trypsin inhibitor complex has been identified as a biomarker of infected animals.  A diagnostic PCR has been developed that can detect a single egg per gram of faeces in naturally infected animals.

We have shown that F. hepatica is the major species found in East and Southern Europe.

An analysis of a panel of sera from a group of farm workers considered to be a high risk population, showed no evidence that they had been exposed to F. hepatica infection.
Little is known about the transmission of F. hepatica in Bulgaria.  Analysis of Galba truncatula throughout Bulgaria showed that 3% of snails are infected with trematode larvae including Paramphistomum, Fasciola, Opisthioglyphe and Plagiorchis. 

RFLP analysis of mitochondrial DNA from flukes has provided markers that have been used to assess the genetic diversity of flukes of known provenance, isolated from different regions of the EU.  Initial results suggest that there is extensive diversity between isolates that is not geographically restricted.  This raises questions about potential differences in the virulence and infectivity between different isolates and also the potential for the emergence and spread of drug resistance through Europe. 
Specific Objectives for Work Package 1
1.10. Improved and updated information on the prevalence of F. hepatica infection within the EU

1.11. Formulation of a high precision, predictive spatial model for areas at high risk of fasciolosis

1.12. Development of new, sensitive diagnostic methods for detecting patent infections in sheep, goats, cattle and wildlife.

1.13. Estimation of the occurrence of F. gigantica in southern Europe

1.14. Improved diagnostics in intermediate hosts

1.15. Development of markers of genetic diversity in LF populations

1.16. Assessment of the diversity in European LF populations

1.17. Pilot study to determine prevalence of human fasciolosis in Europe

1.18. Maintenance of liver fluke life cycle to provide material for all work programmes

WORK PACKAGE 1 – FINAL REPORT JUNE 2009
WP 1.1  Assessment of prevalence of F. hepatica infection in countries in the EU
UK – 3,135 bulk tank milk samples were tested from dairy cattle herds in England and Wales.  This represents 21.7% of all dairy herds in England and Wales.  The prevalence of exposure in dairy herds in England was 72% and in Wales was 82.5%.

Spain – 100 bulk tank samples were collected from regional veterinary centres based in the south of Spain, were tested using the LSTM ELISA and all were negative.  Samples from northern and central Spain were collected but contained a preservative that interfered with the enzyme-substrate read out system of the ELISA so could not be tested.
Ireland – a similar study was initiated by Partner 3 but the researcher left before the study was completed.
Netherlands – in cooperation with the Animal Health Service and the Faculty of Veterinary Science bulk milk samples were collected from dairy farms and tested for the presence of antibodies against both liver fluke and Ostertagia spp. by Prof. Vercruysse, University of Ghent, Belgium. However there was evidence that there was cross reaction between the two tests and hence the results were difficult to interpret.  For the Netherlands the prevalence of infection in herds is known based on faecal egg counts and liver condemnation data.

Greece – blood and faecal samples from 910 sheep and goats from 78 organic and conventional farms from central Greece were collected by Partner 10.  The serum samples were tested by Partner 6.  Forty-eight farms (61.8%) were positive in the antibody detection ELISA and 14 farms (19%) were positive in a commercially available copro-antigen test. Different cut off values for sheep and goats were determined in the serum ELISA. Data was collected on the elevation of the farms’ location, as well as its rainfall, NDVI values and temperature range for each month during the sampling period. 


Currently Partner 10 is implementing a bivariate logistic regression on the probabilities of observing positive samples (serum and faecal) in each farm. The correlation will be captured using a pair of random effects associated with each farm. In addition, Partner 10 is exploring variable (temperature, elevation, rain, NDVI and management of farm) selection techniques using stochastic search algorithms. This method is implemented in the freely available software WinBUGS and the algorithm will be posted on the web.

The data collected suggest that Fasciola hepatica infection is widespread in the EU and that the likely impact on livestock productivity and cost of treatments are high.

Ref: McCann, C.M, Baylis, M. and Williams, D.J.L.  The prevalence and spatial distribution of Fasciola hepatica infected dairy herds in England and Wales.  Veterinary Record (submitted)
WP 1.2
Formulation of a high precision predictive spatial model for areas of high risk of fasciolosis
3,135 bulk tank samples were collected in November 2006.  This represents 21.7% of all the dairy herds in England and Wales at that time.  Samples were collected to represent each area of the country and were collected randomly from milk samples submitted for quality analysis to one of the UK’s largest milk testing companies.  

The samples were tested using the bulk tank milk ELISA developed by Partner 6 (Salimi-Bejestani et al 2005).  The prevalence of exposure to F. hepatica in dairy herds in the UK ranged from 29.6% in the East of England to 92.6% in north-west England using a cut off value of 27PP.  

A geographical information system was constructed utilising data layers of the PP- values of each sampled farm and Postcode Area (PCA) boundaries. Climatic, environmental and epidemiological data were added to the GIS with the objective of identifying risk factors for F. hepatica infection. Farm specific and PCA mean values were determined for each of the variables to be tested as possible risk factors for F. hepatica infection. The estimate of F. hepatica exposure at each farm was subject to log10 transformation to normalise the distribution of the data which were otherwise positively skewed. Two databases were created containing the farm specific and postcode area data. Models that predicted the distribution of F. hepatica infection at farm and PCA level were developed using best subsets regression (MinitabTM). The procedure tests for a significant increase of the fit of a model with the objective of deriving the most effective model from the fewest variables (Baylis et al., 1999). Models that included climatic data from different time periods: i. 2000 to 2005 (calculated as 3- monthly means over the 5 year period); ii. 2005 & 2006 (calculated as 1– and 3- monthly means each year); iii. 2000-2005 & 2006 characterised as the anomalies from 2000 – 2005 mean values (calculated as 3- monthly means) from each database. 

1. Postcode area models

The model that best described the variance in the distribution of F. hepatica infection in dairy herds in England and Wales according to PCAs was that obtained using the climatic data from 2000 – 2005 and the 2006 anomalies; in this model a combination of 10 parameters accounted for 81.5% of the variation in the mean log10 PP-values,  all of which reached statistical significance in the model.  This model included 5 positive and 5 negative predictors for infection. The positive predictors were the mean number of rainy days (days with rainfall ≥ 1mm) between August – October in 2001 – 2005, the 2006 anomaly from the mean minimum temperature (oC) May –  July in 2001 – 2005, the 2006 anomaly from the mean maximum temperature (oC) November  - January  in 2000 – 2005, the percentage of grassland classed as rough grazing on sampled farms and the  phosphorus content of soil on sampled farms (mg/kg).  Negative predictors or protective factors were the  slope, pH, extractable phosphorus (mg/l) and iron content of the soil on sampled farms (mg/kg) and the 2006 anomaly from the mean average temperature (oC) May –  July in 2001 – 2005. The most significant individual predictor of infection at the PCA level was the mean number of rainy days August – October 2001 – 2005 which could account for 59.9% of the variation in F. hepatica infection.

2. Farm Level Models
The two models developed using climatic data from 2005 & 2006 and from 2000 – 2005 identified 12 and 15 variables (respectively) that accounted for approximately 35% of the farm to farm variation in log10 PP-values. In both models the presence of sheep on the farm was a positive predictor for infection whilst slope, the size of the dairy herd and pH were all protective.  

The best 1- variable model developed using the 2005 & 2006 climatic data was the positive predictor ‘mean number of rainy days August - October 2005’ on F. hepatica  infection in dairy herds  which explained 25% of the variation in log10 PP-values.  In addition to this factor other climatic positive predictors in the final 12 variable model were the number of rainy days in October 2006, the mean monthly rainfall August – October 2006, the minimum temperature in July 2006 and the mean temperature in August 2005. Protective climatic factors were the mean temperature in September 2005, the maximum daily temperature in June 2005 and the maximum mean daily temperature occurring August – October 2006.

The best 1-variable model developed using the 2000-2005 climatic data was the positive predictor ‘mean number of rainy days May – July’ which explained 25% of the farm to farm variation in log10 PP-values. Climatic risk factors in the final 15 variable model were the minimum temperature May-July, the minimum mean daily temperature November - January, the maximum minimum daily temperature August – October, the number of wet days (rainfall ≥ 10mm) May – July, the number of rainy days November – January, the minimum maximum daily temperature August –October and the number of rainy days August –October. Protective climatic factors were minimum temperature August to October, the number of wet days November – January, the maximum daily temperature February to April and the minimum mean daily temperature August to October.

Quantifying the effects climate change on the epidemiology of Fasciola hepatica in the UK

There are clear indications that climate change is affecting the epidemiology of pathogenic nematode worm species infecting ruminants in the UK. With respect to trematodes reports from the field suggest an increased abundance of infective stages at pasture and a spatial spread of the parasites, and clinical disease, to areas where problems were previously rarely experienced, notably eastwards and northwards. 

All the free-living stages of Fasciola hepatica and its intermediate host are thought to be strongly dependent on water and temperature for development and survival at pasture. Mathematical models of disease transmission have, so far, all been driven by temperature alone and moisture parameters have been ignored. This study aims to quantify the effects of not only temperature but also moisture on the abundance of Fasciola hepatica in order to develop mathematical models predicting disease and aiding the development of preventative control programs. 

The UK Veterinary Investigation Diagnosis Analysis (VIDA) database is a unique 33-year dataset containing passive surveillance data on different categories of parasites affecting livestock. Throughout Great Britain, 25 regional laboratories, adhering to centrally agreed diagnostic criteria, deposit diagnoses into the database. Fasciola data were obtained from the Veterinary Laboratories Agency.  Over the past 5-10 years, the diagnostic rate (expressed as a proportion of the number of diagnostic submissions) has increased significantly (Spearman’s rho ≥ 0.54, p ≤ 0.004) both for cattle and sheep. 

Diagnostic rates were determined per month and per region in Great Britain. At pasture, pre-snail development of eggs, and infection of the snail predominantly takes place during the months April to June while July-September are the main months for within-snail development.  Simple correlations of temperature and rainfall parameters with diagnostic rates were carried out and a regression model built. The main finding was that the minimum temperature, together with the number of days with ≥ 1mm of rain (‘rainy days’), over the period April to June explained approximately 50% of the variance in diagnostic rates for all regions studied. Temperature and rainfall are likely to be most limiting for the development of eggs and the infection of snails while the over-summer, within-snail, multiplication phase is relatively insensitive to the prevailing weather. These findings are in line with studies describing laboratory-derived data. Strong correlations with rainy days, rather than with the total amount of rain, suggest that snail activity is an important factor for Fasciola ecology. It appears that the incidence of fasciolosis, which peaks in October-February, can be predicted from spring climatic conditions. This is promising in terms of the development of programs for the prevention of disease.

In collaboration with Dr Morse and Dr Caminade (University of Liverpool, Department of Geography), the simple regression model, predicting disease incidence from minimum temperature and rainy days, was subsequently driven by the state-of-the-art ENSEMBLES climate models and predictions mapped for the UK. The maps described the observed 40-year patterns very accurately and captured the recent overall increase and spatial eastwards and northwards spread. For the UK, the model captured both an observed above-average disease incidence in the 1960s and the sustained above-average fasciolosis incidence from the late 1990s onwards. It is encouraging to see that the simples of models appear to reflect at least the basic patterns very well. Currently, the validated model is being extended into the future, again making use of the ENSEMBLES climate models.


Figure 1. Annual 1961-2006 model-predicted fasciolosis disease rate (Dr) projected as an anomaly of the 1961-2006 mean

Following on from this work, the first Reproduction-ratio (R0) type model for fluke is being developed.  This model predicts the success, in terms of projected adult offspring arising from a single fluke present in a host, depending on the effect of climatic parameters on free-living stages and the intermediate host. It includes the effects of temperature and (where appropriate) rainy days on miracidial development, infection of snails, the relative size of the snail population and snail development, cercaria produced per snail, and survival of metaceracia on herbage.  The model will be extended to include influences of one year on the next by characterising the survival of snails over winter. Early results appear to explain the rapid rise in annual diagnostic rates by the simultaneous, ‘cumulative’, effects of especially rising temperatures on multiple stages in the fluke life cycle but effects of (changing) rainfall patterns are as yet to be examined.  All this data will eventually be fed into a predictive farm specific forecasting system for fasciolosis.

The production of models to identify the principal risk factors at a post code level and an individual farm level will enable formulation of better forecasting systems in the short term.  In the longer term the predictive models of the impact of climate change on parasite epidemiology will allow policy makers to formulate advisory policy on an informed basis leading to better application of drug use and environmental control schemes.

WP 1.3
Development of new, sensitive diagnostic methods for detecting patent infections in sheep, goats, cattle and wildlife
Glutathione transferase (GST) as a diagnostic tool.
GSTs have been evaluated in vaccine trials and may be useful components of diagnostic tests.  The Fasciola spp Sigma Class GSTs are homologous to Sm28, the human schistosome vaccine antigen currently at Phase II clinical trials.

Optimised purification methods and sub-proteomic approaches have identified new Sigma class GSTs in F. hepatica (FhGST-S1) and F. gigantica (FgGST-S1) (Chemale, et al 2006; Eccleston, et al., 2009 in preparation).  

FGST-S1 has been shown via proteomics, western blot and immunohistochemical staining to be present in the tegument, parenchyma, global cytosolic fraction and highly abundant in vitelline cells and eggs (LaCourse, et al., 2009a in preparation).

FhGST-S1 and the Mu Class GST (GST26) from F. hepatica have been cloned and produced as active recombinant proteins.  Cloning of F. gigantica FgGST-S1 is currently underway (McGarry, et al., 2009 unpublished).

Polyclonal antisera to recombinant FhGST-S1 has been produced and shown to react specifically via western blotting with recombinant FhGST-S1 and to resolve native FhGST-S1 within F. hepatica cytosolic samples.  This antiserum also shows species cross-reactivity but GST class specificity with the Sigma Class GST in F. gigantica.

F. hepatica Sigma and Mu class GST have undergone initial evaluation for their potential as sero-diagnostic tools for F. hepatica infection.  Dot immunoblots, western blots and ELISA shows that infected sera from cattle does contain antibodies to GSTs.  However, initial assays show variability in apparent immune response across naturally and experimentally infected cattle.  Further tests are needed to establish confidence in specificity and sensitivity of these GSTs as diagnostic tools for fasciolosis.

Sigma and Mu class recombinant proteins, native GST purified fractions and antisera to rFGST-S1 have been sent to Dr. Sandra O’Neill’s laboratory in Dublin City for immuno-modulatory studies.  rFGST-S1 protein has anti-inflammatory characteristics and immunomodulatory potential in initial studies carried out by Partner DCU (Dowling, et al., 2009 in preparation).

Fatty acid binding protein (FABP) as a diagnostic tool.  FABPs are shown to be present in F. hepatica tegumental and excretory/secretory (ES) products via proteomics methods.  FABP may therefore be more readily accessible to the host immune system, thus providing opportunities for immune diagnostic tools to be designed

Fatty acid binding protein (FABP-15) from F. hepatica has been cloned and produced as active recombinant protein (Chemale, et al., 2009 submitted to Mol. Cell. Prot).

Polyclonal antisera to recombinant F. hepatica FABP-15 has been produced and shown to react specifically via western blotting with recombinant FABP-15 and to resolve native FABP within F. hepatica cytosolic samples.

Soluble egg protein discovery for use as diagnostic tools.  Abundantly expressed soluble egg proteins may lend themselves to the development of coprological or serological diagnostic tools.

The soluble egg proteome of F. hepatica throughout nine temporal stages of in vitro development has been profiled by 2DE electrophoresis to identify new biomarkers for molecular diagnosis (Moxon, et al., 2009. In preparation).  Fifty of the most prominent egg proteins have been identified by MS-MS supported by a Fasciola hepatica database of expressed sequence tags (ESTs) translated via use of dedicated EST protein translation suite software. An abundantly expressed F. hepatica egg protein, similar to the egg antigen of the related fluke Paragonimus westermani, is recognised on western blots by pooled sera from a range of infected hosts (rat, goat, sheep, cattle) and recognised on western blots by cattle sera from the period of adult fluke reaching the bile ducts onwards in a controlled cattle infection experiment.

Bioinformatic analysis reveals the F. hepatica egg antigen to be of the alpha crystalline-containing small heat shock protein (AC/sHSP) superfamily. Structure analysis has identified potential epitopes for peptide antibody synthesis.

A recombinant form of the major F. hepatica egg antigen (rFh-HSP35α) has been cloned and expressed in Escherichia coli.

General diagnostic marker discovery.  In vivo proteomics direct from host bile has also identified several F. hepatica and host proteins for possible diagnostics development (Morphew et al. 2007).
Global proteome profiles of F. hepatica newly excysted juveniles (NEJs) and tegument (provided by Sandra O-Neill, Dublin City) have also been produced.  Juvenile and tegumental proteomes may represent and highlight candidate protein targets more readily recognised and accessible to the host immune system, and offers to support new vaccine discovery and immuno-modulatory studies.

Global proteomic profiles of cytosolic fraction and GST-sub-proteome have been produced from F. gigantica samples originating from Egypt, isolated from Donkeys (Eccleston, et al., 2009 in preparation).  Comparative image analysis, western blot (with Anti-rFhGST-S1 antisera) and MS-MS has determined synthesis differences and presence of a Sigma Class GST, orthologous to the FhGST-S1 and schistosome GST Sm28.  

Development of new methods to detect patent infection in sheep and cattle:  Detection of eggs in faeces of F. hepatica infected animals is laborious and of low sensitivity but highly specific.  To improve the sensitivity and speed of egg detection methods, Partner 6/16 has developed a diagnostic PCR to detect eggs of F. hepatica in faeces of infected animals.  Primers developed originally by Kaplan et al 1997 were compared with the species specific primers developed by Partner 6/16 (McGarry et al 2007).  The Kaplan primers were shown to be 1000 fold more sensitive compared to the species specific primers and to be specific to Fasciola spp.  It does not amplify DNA from Paramphistomum cervi (Europe) or Paramphistomum leydeni (Nasmark, 1937).  Various methods of extracting DNA from eggs in faeces were tested but sedimentation followed by sonication was shown to be the optimum method.  Preliminary results, using faecal samples seeded with known numbers of eggs, suggest that this method detects one egg per gram of faeces and is effective using faecal samples from naturally infected cattle.  

Improved diagnostics are keys to better understanding parasite epidemiology, being able to further understand breed and individual genetic resistance to infection and use treatment more effectively by only treating heavily parasitized animals.  The methods developed here have not only developed novel diagnostic methods, but also the antigens identified could be useful vaccine components.

Refs:  Chemale, G., Morphew, R., Moxon, J. V., LaCourse, E. J., Morassuti, A. L., Barrett, J., Johnston, D. and Brophy, P. M. (2006). Proteomic analysis of glutathione transferases from the liver fluke parasite, Fasciola hepatica. Proteomics. 23: 6263-6273.

Morphew, R. M., Wright, H. A., LaCourse, E. J., Woods, D. J., Brophy, P. M. (2007). Comparative proteomics of excretory-secretory proteins released by the liver fluke Fasciola hepatica in sheep host bile and during in vitro culture ex host. Molecular and Cellular Proteomics. 6 (6): 963-972.

WP 1.4
F. gigantica in Eastern Europe
Using the species specific PCR reported previously, 33 flukes recovered from naturally infected sheep from various regions of Bulgaria and 27 flukes from sheep in various regions of Greece were all identified as F. hepatica.  

We have confirmed that the principle species found in Europe is F. hepatica.  
WP 1.5.
The ecology of Galba truncatula in different biotopes and the prevalence of F. hepatica infection in intermediate hosts
To speciate trematode infections in G. truncatula 12 different geographical areas in Bulgaria were sampled each year and over five different months. These included: Byala Slatina, Lakatnik, Kostinbrod, Simeonovo, Pancharevo, Zagore, Bachevo, Razlog, Studenets, Draganovets, Bistra and Kovachevo. 
9600 snail samples were collected: 97% (9312) of snails were not infected and only 3% (288) of them were infected. The percentage of different infections in naturally infected G. truncatula is as follows:
37.95%
Fasciola 

31.94%
Paramphistomum
24.3%

Opisthioglyphe and Plagiorchis
5.81%

Notocotylus
Seasonal changes in natural infections in G. truncatula were analyzed and showed that invasion intensity was lowest in summer and highest in spring and autumn. 

Cercariae of (Opisthioglyphe, Plagiorchis) were found and (Fasciola, Paramphistomum, Notocotylus) without a stylet.  Morphometrical characteristics of both kinds of cercariae were obtained. Investigations on the cercarial chaetotaxy have been done as well for all species detected. 

Molecular methods for improvement of diagnosis of parasites were applied for genetic diversity and genotyping in collaboration with Partner 8. PCR and sequencing assays have been used to build data sets and create phylogenetic trees. Three groups of Bulgarian flukes, according the single nucleotide mutations in the 28S RNA gene assay and four groups were found using the mitochondrial genome assay. Similar differences have been found in USA populations as well. 
This work shows that F. hepatica is widespread in Bulgaria and that the genetic makeup of flukes found in Bulgaria are similar to those in other parts of Europe.
WP 1.6
Markers of genetic diversity

Flukes from all over Europe were sent to Partner QUB throughout the project for analysis.  
A protocol for the definition of mtDNA lineages in the liver fluke: This has been achieved and applied to a wide range of European, S. American, African, Australian and Asian samples of F. hepatica and F. gigantica.
A set of microsatellite markers capable of defining triclabendazole-resistant isolates of flukes: Five published microsatellites primer sets were used on genomic DNA to ascertain whether the amplified microsatellites could distinguish between populations of flukes drawn from farms where TCBZ-susceptiblity or TCBZ-resistance had been reported.  DNA was prepared from 27 TCBZ-susceptible flukes and 28 TCBZ-resistant flukes obtained from field isolates from the Netherlands (Partner 9) and used for the analysis.  No alleles were identified with any of the primer sets that were present in only the resistant population.  The frequency of the alleles associated with each of the microsatellite markers was not significantly different for the resistant and susceptible populations.  These microsatellites are not linked to regions of the fluke’s nuclear genome associated with drug resistance. 

Markers of genetic diversity have been characterised and applied to populations of fluke from all over Europe and also world wide.

WP 1.7
Assessing the Diversity in European LF Populations

Fluke populations have been sampled from Ireland, England, Wales, the Netherlands, Spain, Italy, Greece, Bulgaria, Romania and Poland.

A library of mtDNA and nuclearDNA representative of the fluke populations of Europe has been created and now contains material from Ireland, Wales, England, the Netherlands, Italy, Romania, Poland, Bulgaria, Greece and Spain.

An initial analysis has revealed over 400 mitochondrial haplotypes which can be associated with four major clades.  Flukes from Australia, New Zealand, Peru, Brazil, Argentina and Uruguay have also been analysed and shown to be associated with the same clades and are thus of European origin.  
This shows that fluke populations are highly diverse but that fluke in Australasia and South America are likely to have been of European origin.

WP 1.8
Human fasciolosis in Europe

Partner 6/16 was granted ethical permission and tested 518 sera from the UK’s Public Health Laboratory Service’s collection of sera from a cohort of farm workers for antibodies to F. hepatica using the CL1 diagnostic ELISA developed by Partner DCU.  Positive and negative control sera were provided by Partner 2.  The range of optical densities for the negative control sera was 0.59 – 0.263, for the positive control sera 1.43 – 3.16 and for the farm workers cohort 0.045 – 0.213. The frequency distribution of the absorbency measurements obtained from the ELISAs performed on the PHLS sera together with the absorbencies of the negative and positive control sera were plotted.  The frequency distribution obtained with all three groups of samples was bimodal. All the test sera were situated in the large mode on the left of the histogram together with the negative control samples whilst the second mode on the right of the histogram represents the seropositive control samples. 

These results suggest that there is no evidence that this cohort of farm workers had been exposed to F. hepatica.

WP 1.9
Laboratory maintenance of the liver fluke life cycle

Partner 8 established the life cycle of the parasite in their labs and have maintained isolates for the duration of the project.  Nine F. hepatica isolates (four susceptible and three TCBZ resistant and two uncharacterised) are currently maintained in these laboratories.   
WP2 – Anthelmintic resistance

WP 2.1. To gain a greater understanding of the mechanism of drug action.

*This objective was reached. 

A time-course experiment was carried out in sheep by partner 8, with fluke material collected at 2, 3 and 4 days post-treatment. Triclabendazole (TCBZ)-susceptible and -resistant isolates were used and both adult and juvenile (4 weeks post-infection) fluke infections treated. Material was processed for scanning and transmission electron microscopy, histology and whole fluke staining. An SEM paper on the juvenile response to treatment has been published. Analysis of other data is ongoing. 

A morphological time-course study of this depth has not been performed before on any helminth parasite.

A collaborative study between partners 8 and 12 was carried out to determine the relationship between drug kinetic behaviour and flukicidal activity. Plasma, liver, bile and fluke material from the same infected animal were collected at different times post-treatment for analysis of TCBZ and metabolite levels. As an extension of this, flukes were prepared for parallel morphological and pharmacological analysis, in order to link temporal tissue changes to drug levels in the same fluke. 

These experiments are completely novel in antiparasitic drug studies. 

Ref: Halferty et al. 2008. Veterinary Parasitology 155, 49-58.

Ref: Hanna et al. 2009. British Society for Parasitology Meeting in Edinburgh.

Ref: McConville et al. 2009. Veterinary Parasitology 162, 75-88.

2.1.1. Effect of metabolites of triclabendazole. A number of in vitro experiments have been carried out with different TCBZ compounds (TCBZ itself, TCBZ.SO, TCBZ.SO2, OH-TCBZ.SO and OH-TCBZ.SO2) to determine the most active metabolite(s). Assessment of activity was based on morphological criteria. One SEM plus TEM paper on the action of TCBZ, TCBZ.SO and TCBZ.SO2 has been published. 

Our perception of drug action has changed, in that it is no longer seen to be due to a single metabolite (TCBZ.SO), but to a combination of metabolites. This concept may well apply to other anthelmintics. 

Ref: Halferty et al. 2009. Veterinary Parasitology 159, 126-138.

2.1.2. Comparative uptake and metabolism of TCBZ and its metabolites in flukes. Studies on the comparative uptake of several metabolites of TCBZ by the fluke were carried out in vitro by partner 12 and metabolism of TCBZ determined. Parallel experiments to determine the principal route of entry of TCBZ into the fluke have been conducted by partner 12 (pharmacological) and partner 8 (morphological). Despite the strong binding of TCBZ and its metabolites to plasma proteins, the drug enters the fluke mainly by passive diffusion across the tegument.  

Ref: Mottier et al. 2006. Experimental Parasitology 113, 49-57.

Ref: Alvarez et al. 2007. Trends in Parasitology 23, 97-104.

Ref: Toner et al. 2009a. Parasitology 136, 523-535. (SEM paper)

Ref: Toner et al. 2009b. Parasitology (submitted). (TEM paper)
2.1.3. Proteomic drug response profiles. Flukes from a TCBZ-susceptible and a TCBZ-resistant isolate were incubated in TCBZ.SO in vitro by partner 8 and the material passed to partner 4/16 for proteomic analysis. Changes in the expression of several proteins as a result of drug action have been noted, including glutathione S-transferase (GST), heat-shock protein (HSP-70), α-tubulin and fatty acid binding proteins (eg Fh15). 

The use of proteomics to identify possible drug targets is a novel approach in anthelmintic drug studies.  

Ref: La Course et al. Molecular and Cellular Proteomics (submitted).
2.1.4. Production of recombinant proteins. Ten of the eleven α/β-tubulins identified in the liver fluke have been expressed in E. coli by partner 8. A novel calmodulin-like protein (FhCam2) has been expressed in E. coli by partner 5 using an expression clone provided by partner 8. A recombinant form of the TCBZ-response protein, Fh15, has been produced by partner 4/16 and expressed in E. coli for use in antibody production and crystallographic screening.
2.1.5. Localisation of significant proteins. Information on the susceptibility of different tissues to TCBZ action has been generated by the morphological studies in WP 2.1.1. Antibodies have been raised against the proteins identified in WP 2.1.3 and WP 2.1.4 and used to localise the tissue targets of drug action. A P-glycoprotein (MDR2) has been localised to the gastrodermal cells in the liver fluke and calmodulin localised in the somatic muscle.

2.1.6. X-Ray crystallography of significant proteins. A number of proteins have been expressed, purified and used in crystallisation experiments by partner 5: they are GST26 (a mu class GST), a novel sigma class GST, calmodulin (Cam) and Fh15 (a fatty acid-binding protein). Homology models of the proteins have been built for structural analysis and TCBZ binding studies. The GSTs bind TCBZ, suggesting that they may be involved in the metabolism/inactivation of TCBZ. This approach to understanding the interaction between drug and target is a novel one.

The effect of TCBZ on microtubule polymerisation has been investigated using cells of the corn smut fungus, Ustilago maydis containing GFP-labelled microtubules. The results indicated that TCBZ affected the growth of the cells via disruption of the microtubules (an action typical of benzimidazole-type drugs) but suggest that it acts in a different way from that of other benzimidazole compounds. 

Three TCBZ compounds have been derivatised and used in immobilisation experiments to capture potential target proteins in the fluke. A number of proteins have been captured successfully for SDS-PAGE analysis and identification by mass spectrometry. 

These techniques have not been applied to clarification of anthelmintic action before.    

WP 2.2. To determine mechanisms of drug resistance.

*This objective was reached.
2.2.1. Uptake and metabolism of TCBZ in resistant isolates. Pharmacological studies carried out by partner 12 have shown that there are differences in the uptake and metabolism of TCBZ between a TCBZ-susceptible and a TCBZ-resistant isolate. The results indicate that the processes underlying these differences may be involved in drug resistance. 

Ref:  Alvarez et al. 2005. Parasitology 131, 501-510.

Ref: Alvarez et al. 2007. Trends in Parasitology 23, 97-103.
2.2.2. Role of P-glycoprotein-linked drug efflux pumps and drug de-toxification enzymes in resistance. The results from WP 2.2.1 suggest that altered uptake and metabolism of TCBZ by TCBZ-resistant flukes may contribute to the development of drug resistance. Pharmacological experiments involving the use of inhibitors of key enzymes in the metabolic pathways and inhibitors of P-glycoprotein-linked efflux pumps have yielded results that support these mechanisms. They were carried out by partner 12. Complementary morphological experiments carried out by partner 8 have shown that TCBZ-resistant flukes can revert to a more susceptible status following inhibition of their efflux pumps and drug detoxification pathways. In vivo experiments by partner 12, involving co-administration of TCBZ and ivermectin (IVM, a drug efflux inhibitor) or with inhibitors of drug metabolism (methimazole or MTZ, piperonyl butoxide or PB, or ketoconazole or KTZ) have shown that drug levels are enhanced. Co-administration of TCBZ+IVM+MTZ did not result in greater efficacy against TCBZ-resistant flukes than with TCBZ alone.
The combined use of pharmacological and morphological approaches to understanding drug resistance is novel in the anthelmintic field.

The concept of modifying drug pharmacokinetics to optimise drug activity is one that could be developed further in the field.

Ref: Alvarez et al. 2005. Parasitology 131, 501-510. 

Ref: Mottier et al 2006. Journal of Parasitology 92, 1355-1360.

Ref: Devine et al. 2009a. Parasitology 136, 183-192.

Ref: Devine et al. 2009b. Parasitology (submitted).

Ref: Lifschitz et al. 2009. Veterinary Journal (in press). 
Ref: Virkel et al. 2009. Journal of Veterinary Pharmacology and Therapeutics 32, 79-86.
2.2.3. Proteomic responses in resistant isolates. Some information on possible drug targets and responses to drug action has been generated by WP 2.1.1, WP 2.1.3, WP 2.1.5, WP 2.1.6, WP 2.2.1 and WP 2.2.2. 

WP 2.3. To identify markers for more sensitive molecular tests for resistance.
*This objective was partially realised.
2.3.1. Delineation of tubulin isotypes. Five α- and 6 β-tubulin isotypes have been identified in adult flukes from both a TCBZ-susceptible and a TCBZ-resistant isolate of F. hepatica; this work has been published. Further to this, the relevant coding regions of the β-tubulin isotypes in two TCBZ-susceptible and two TCBZ-resistant isolates have been sequenced. A number of variants have been identified, leading to small amino acid changes, but none were associated with the predicted benzimidazole (BZ) binding site, nor did they correspond to known tubulin mutation positions in BZ-resistant nematodes. Ten of the eleven α/β-tubulins have been expressed in E. coli. Attempts to clarify to which of these tubulins TCBZ binds have so far been inconclusive.

Given that TCBZ is a benzimidazole drug and therefore is likely to target microtubules, it was appropriate to study the tubulin complement of TCBZ-susceptible and –resistant flukes. The number of tubulin isotypes identified in F. hepatica is greater than that demonstrated in any other helminth parasite. 

Ref: Ryan et al. 2008. Molecular and Biochemical Parasitology 159, 73-78.
2.3.2. Development of Real-Time PCR assays. 
Real-time PCR assays have been developed for each of the 6 β-tubulin isotypes and applied to juvenile and adult flukes of a TCBZ-susceptible isolate. Isotypes 1 and 5 are not expressed in juveniles and isotype 6 is only expressed at a very low level in this stage. Application of the assays to adult flukes from other TCBZ-susceptible and –resistant fluke isolates revealed that isotype 1 was the predominant β-tubulin in adults, but that there were no significant differences in constitutive expression of β-tubulins between TCBZ-susceptible and –resistant flukes. 

Quantitative real-time PCR technology has been developed to measure the mRNA levels of the two distinct P-glycoprotein-like molecules (MDR1 and MDR2) that have been identified in the liver fluke. MDR levels were determined in TCBZ-susceptible and-resistant flukes. MDR1 was present at approximately twice the levels of that seen for MDR2, but there were no significant differences in levels of mRNA for either protein between isolates. The results suggest that TCBZ-resistant flukes do not constitutively produce more P-glycoprotein. 

It was highly appropriate to use this sophisticated technology to explore these avenues of enquiry, even though the outcome was disappointing, in the sense that the assays cannot be used for the diagnosis of resistance. However, the protocols are in place to use when more information is available on the identity of other molecules involved in resistance. 

WP 2.4. To develop and standardise an in vivo assay for detecting drug resistance in the field.

*This objective was reached.
Work on a suitable FERCT-type assay, based on sedimentation, has been carried out by partners 3, 6 and 8. Blind analysis of unknown samples was undertaken by the 3 partners in order to compare the sensitivity of protocols in use in their respective laboratories. Differences in results were observed. The use of composite, as against individual, samples has been assessed by partner 6 by means of a small-scale farm survey in England and Wales. The results have shown that use of composite samples is a robust method for the detection of fluke infections. A commercial coproantigen assay has been tested by partner 8, with validation on experimental infections of fluke isolates of different sensitivity to TCBZ and subsequent testing on farms. 

Standardisation and validation of assays is vitally important to be able to diagnose, not just fluke infections per se, but potential cases of resistance. Protocols used by different laboratories do vary, which can lead to incorrect diagnoses. The work undertaken in this project has improved the sensitivities of two tests available.
WP 2.5. To develop and standardise an in vitro test for resistance.

*This objective has nearly been reached.
This is based on an egg hatch-type assay and two protocols have been tested. One, using a short-term (12 h) exposure to TCBZ and TCBZ.SO, was carried out by partner 12 on a TCBZ-susceptible and a TCBZ–resistant isolate of fluke. Comparison with albendazole (ABZ) and its SO metabolite have shown that this drug is more disruptive to egg hatch than TCBZ. Other benzimidazoles affected egg hatch as well. This study has been accepted for publication. Partner 8 has used a longer exposure (14 days) to TCBZ.SO to determine its effect on egg development and hatch of several fluke isolates. The study has shown that it is possible to distinguish between TCBZ-susceptible and –resistant isolates by this method.

With additional fine-tuning, the second method shows real promise for general diagnostic use. It will be a significant addition to the number of tests available for detection of drug resistance.

Ref: Alvarez et al. 2009. Veterinary Parasitology (in press).  
WP 2.6. To carry out a field survey for the prevalence of drug resistance.

*This objective was partially reached.
A pilot survey in Northern Ireland, involving a dozen farms, has been carried out by partner 8, using both FECRT and coproantigen assays. Evidence of possible TCBZ resistance was identified on one farm. Sub-contractor VLA (partner 6) has carried out a survey of 18 farms in England and Wales using a composite faecal sampling method. Reduced TCBZ efficacy, indicative of possible drug resistance, was identified on 4 of the 18 farms. Partner 3 has carried out a small-scale survey of 5 farms in Ireland: possible TCBZ resistance was diagnosed on 3 of the farms, all from the west of Ireland. This study has been accepted for publication. Partner 3 has also carried out a postal survey of 100 sheep farms in Ireland. The questionnaire addressed such topics as the farmers’ awareness of fluke infection on their farm, their drug treatment programmes, what fasciolicides they use for fluke control and whether they considered that any of the drugs were less effective than previously. TCBZ and closantel were the two most popular drugs used and a few farmers felt that TCBZ was becoming less effective; however, TCBZ resistance has not been confirmed on any of these farms. Partner 14, in collaboration with partner 6, has conducted a study on 9 farms in Northern Peru and discovered possible evidence of drug resistance on one of them.

While an EU-wide survey was not possible, the individual partner surveys have added to information on the distribution of TCBZ resistance and have enabled validation of diagnostic tests under field conditions.

Ref: Mooney et al. 2009. Veterinary Parasitology (in press).
WP 2.7. To investigate the role of wildlife in the spread of resistant liver flukes. 

*This objective was reached.
Over the course of the project, 332 hares were collected by partner 9 from regions in North Holland where TCBZ resistance is prevalent and examined for fluke. Approximately 18% of the livers contained fluke, suggesting that hares are important reservoir hosts for fluke infections and this information is significant for future control programmes. In the first 2 years of the project, 445 musk rats were collected and examined, but none contained fluke, so no more were collected in the final year. Flukes collected from the hares were sent by partner 9 to partner 8 for determination of their mitochondrial haplotypes. Analysis of the haplotypes revealed that they were part of the metapopulation present in cattle in the same area. 

This result confirmed the notion that hares provide a refugia for flukes and may act as a vector in transporting resistant flukes between farms. 
WP 2.8. To standardise advice on the strategic control of fluke infections.

*This objective was reached
Advice on best practice has been posted on the DELIVER website, and is available on the CD-Rom produced by the consortium and in newsletters aimed at farmers, veterinarians, students and consumers. The information is available in different languages.

The dissemination of information on fascioliasis will be an important resource for anyone interested in the disease and its control. No equivalent and comprehensive body of information exists elsewhere.

WP 2.9. To develop protocols for the measurement of drug residues in food products.

*This objective was very largely realised.
2.9.1. and 2.9.2. Development and validation of drug residue assays. Protocols have been developed by partner 12 for the analysis of TCBZ and its metabolites in the fluke and in the liver tissue and bile of its host. They have been modified for analysis of milk and cheese products.

Protocols are now in place for the detection of drug residues in a variety of food products.

As a subsidiary aspect of this task, the pharmaceutical equivalence of different formulations of TCBZ has been investigated, also by partner 12. The results demonstrated that the pharmacokinetic behaviour of the different preparations varies. 
This is a significant finding, as it may account for reports of reduced activity that have been interpreted as drug resistance. It argues for greater monitoring of drug quality of generic formulations available on the market. This is an important issue for the pharmaceutical industry and the regulatory authorities to address.

Ref: Virkel et al. 2006. Journal of Veterinary Pharmacology and Therapeutics 29, 213-223.
2.9.3. Identification of biomarkers for environmental contamination. This task was not accomplished.
WP 3 – Immunoprophylaxis

This workpackage aimed to the advance the prospects for immunoprophylactic control of fasciolosis in livestock.  In parallel with trials designed to text the efficacy of current candidate vaccines in a variety of locations and livestock species, it also aimed to identify potential new antitgens.   It also aimed to characterize those elements of the immune response to vaccines that confer protection, and those elements of the response to infection that impair protection and also the bystander immune response.

During the project significant advances were made in understanding the immune response, the mechanisms by which the parasite exerts a regulatory effect on the immune system, and the relevance of this effect for livestock health and infection with other pathogens.     Signifcant advances were also made, particularly therough the use of proteomics,   Important work by Partner 2 using mouse models has demonstrated that tegumental antigen of F. hepatica actively suppresses Th1 responses, through interaction with dendritic cells.  Two other antigens, CL1 and GST, were shown to drive T regulatory responses.  These findings are relevant to the compromised ability to control bacterial infections seen in fluke-infected animals.  Partner 3 obtained evidence of the “real-life” importance of this effect using a model system of co-infection with F. hepatica and Mycobacterium bovis in cattle.   The difficulties inherent in carrying out vaccine trials, and the compounding factors that can affect the interpretation of results, became clear during this period.  Preliminary evidence of differences in innate susceptibility to infection in sheep was obtained, and an “adjuvant effect” using Quil A, again in sheep, was demonstrated.   Several vaccine trials, using various combinations of antigens, did not demonstrate any consistent protective effect.   Analysis of a field trial in cattle carried out in Period 2, indicated that direct neutralization of CL1 –activity by antibodies from immunised animals is not likely to be a major protective mechanism.   However, the “T-regulatory” phenotype of infected cattle, characterized among other features by alternatively-activated macrophages, was abrogated in immunised animals post-challenge.

Overall, the results of this period emphasise the difficulties of vaccine trials in target species, while highlighting some aspects of the nature of the host-parasite relationship.  These findings ill be important in the path to an effective vaccine. 

WP3- Immunoprophylaxis 

WP3.1. To characterise protective elements of innate and adaptive immune responses to F. hepatica.
Partner 3 (UCD) has obtained preliminary data showing that there is significant genetic variation in the response to F. hepatica infection in sheep that has a bearing on the extent and subsequent course of infection.   This is relevant not only to our understanding of the nature of immunological responses but also for the planning and execution of vaccine trials, when the extent of variation can influence the interpretation of trials, and also planning the number of animals that need to be included in order to achieve statistically significant results.   This study aimed to investigate the contribution of innate immune differences to variation in parasite burden following experimental F. hepatica infection in cross-bred sheep.  Sheep (n=16) were randomly allocated into infected (n=12) and uninfected groups (n=4).  Each animal in the infected group was experimentally infected with 100 viable metacercariae.  For comparative analysis, specific animals were selected on the basis of extremes of fluke burdens, and were categorised into resistant (n=4) and susceptible (n=3) cohorts.  Serum antibody levels, haematological parameters, and gene expression levels of IL-4 and IFN-γ in hepatic lymph nodes were equivalent in both groups. However, significant differences in mitogen-specific lymphocyte proliferation in vitro and in gene expression levels of TGF-β1 and IL-10 in hepatic lymph nodes were observed at acute and chronic phases of infection, respectively.  The resistant group had a lower level of hepatic pathology as measured by serum liver enzyme levels.  

Work at UCD has shown that the partial protective effect seen in cattle following immunisation with recombinant Cathepsin L1 cannot be attributed to the neutralisation of the activity of the native enzyme by vaccine-induced antibodies.  This result was obtained using pooled sera from animals immunised with CL1 oil adjuvant, and then exposed to natural infection by grazing on fluke-infected pasture.   Vaccinated animals had about 48% protection as judged by reduction in fluke burden.   However, incubation of fluke ES products with pooled sera from vaccinated animals did not result in any significant reduction in CL1 activity.  Hence, direct neutralisation of this enzyme by serum antibodies in vaccinated animals does not seem to be an important mechanism of protection.   By extension, involvement of cells as well as antibodies is likely to be required.   Subsequent experiments have shown that macrophages coat the outside of newly-excysted juvenile fluke exposed to specific antibodies.    Work is underway to examine the interaction of bovine macrophaages with the gut of adult fluke exposed to era from vaccinated animals.   It was observed in the field-trial experiment also that alternative macrophage activation seen in cattle following infection is reduced post-challenge in immunised animals, as compared with controls.

Previous work in DELIVER and elsewhere has shown that even without administration of any specific antigen, stimulation of the immune system by appropriate adjuvants can in some circumstances lead to a measure of protection.  This is the so-called “adjuvant effect” and is a widely-recognised phenomenon among vaccinologists. A study carried out by Partner 3 aimed to elucidate aspects of the protective immune response to F. hepatica using adjuvants. Understanding this effect will be important for continuing efforts to develop vaccines effective against fasciolosis. This study investigated the effects of three adjuvants (Quil A, Freund’s Incomplete and TiterMax Gold) on the course of experimental F. hepatica infection in 6-month-old sheep (n = 33). At completion of the trial,  all animals were necropsied to determine fluke burden and fluke weight. Quil A administration led to a significant reduction in faecal egg count (P < 0.0001) and significantly higher parasite-specific serum antibody activity for all isotypes measured (P < 0.01). This suggests that Quil A, which promotes a Th1 response, may be useful as an adjuvant in anti-Fasciola vaccines. Furthermore, it reinforces the results of our previous studies indicating that enhanced Th1 responsiveness to vaccine antigens is required to

achieve protection against challenge by F. hepatica.
WP3.2.To identify additional candidate vaccine antigens from juvenile and adult flukes and synthesise them by recombinant technology.
Peroxiredixin (PRx) is a potential candidate antigen that has shown some protective effect in earlier trials and also some immunoregulatory effects.   Partner 5 (UNIEXE) has worked on the crystallization of this molecule with  view to characterization of its structure-function relationships.  Initial crystals of peroxiredoxin were grown from 0.2 M Mg Nitrate, 20% (w/v) PEG 3350. These crystals were examined by X-ray diffraction at Daresbury Synchrotron and found to diffract to only 9 Å.  Further crystals were then grown from similar conditions, using different nitrate salts (sodium, potassium and ammonium) in addition to the original magnesium nitrate. Further crystals were obtained that were larger than the initial crystals (figure 1), but examination by X-ray diffraction in-house revealed them to only diffract to 9 Å.  A number of different cryogenic mother liquors were prepared, and crystals were examined at room temperature, but no improvement in the diffraction resolution could be obtained.

A recombinant  Phosphoglycerate Kinase of Fasciola hepatica was obtained by Partner 7 (WSIP) in E. coli expression system in amounts necessary for immunization of  sheep  and rats.

Production of sufficient CL1 for vaccine trials has continued throughout this period (Partner 3).

The use of proteomic technology to identify isoforms of Cathepsin L1 and other antigens selectively expressed in various life-cycle stages was pioneered by the University of Liverpool.

WP3.3.To identify immunoregulatory molecules and mechanisms in F. hepatica infection. 

Partner 2 (DCU) is involved in WP3, objective 3, to identify immune regulatory molecules and mechanisms in F. hepatica infection. More specifically, the effect of Fasciola native and recombinant antigens on dendritic cell (DC) phenotype and function was determined. The studies on Fasciola Tegumental antigen (FhTeg) and Excretory-secretory products (FhES) focused on examining the powerful anti-inflammatory properties of helminth parasites. The helminth, Fasciola hepatica, has been reported to suppress antigen-specific Th1 responses in concurrent bacterial infections thus demonstrating its anti-inflammatory ability in vivo. In these studies it was demonstrated that Fasciola antigens suppressed serum levels of IFN-γ and IL-12p70 in a model of septic shock. Since dendritic cells (DCs) are a good source of IL-12p70 and critical in driving adaptive immunity we investigated the effect of FhTeg and FhES on the activation and function of murine DCs. FhTeg or FhES alone did not induce cytokine production or cell surface marker expression on DCs. However FhTeg but not FhES significantly suppressed cytokine production (IL-12p70, IL-6, IL-10, TNF-and nitrite) and cell surface marker expression (CD80, CD86 and CD40) in DCs maturated with a range of TLR and non-TLR ligands. FhTeg works independent of the TLR4 pathway since it still functioned in DCs generated from TLR4 mutant and knockout mice. It impaired DC function by inhibiting their phagocytic capacity and their ability to prime T-cells. It does not appear to target the common components (ERK, JNK or p38) of the TLR pathways however it suppressed the active p65 subunit of the transcription factor NF-κB in mature DCs which could explain the impairment of pro-inflammatory cytokine production. Overall, our results demonstrate the potent anti-inflammatory properties of FhTeg and this would explain the difficulty in driving Th1 immune responses to helminth vaccines as parasite antigens would suppress the development of Th1 immunity. This work is published in Infection and Immunity 2009 .

Fasciola hepatica drives Th2/Treg immune responses and these responses are critical to the parasites survival within the host. The parasite releases a large number of molecules that are critical to inducing this type of immune response. Since FhTeg did not drive Th2/Treg immune responses we went onto to examine two of the major antigens in FhES to determine if they were capable in influencing these responses. In these studies we have selected recombinant forms of two major F. hepatica secreted molecules, the proteases cathepsin L (rFhCL1) and anti-oxidant, sigma class glutathione S-transferase (rFhGST-si), to examine their interactions with dendritic cells (DCs). Both of these antigens are important vaccine candidates. Despite enzymatic and functional differences between these antigens they both induced IL-6, IL-12p40 and MIP-2 secretion from DCs. This induction was mediated by toll-like receptor 4 (TLR4) but the subsequent intracellular signalling pathway induced by each antigen differed; while rFhCL1 signalled through p38, FhGST mediated its effect via JNK, p38, p-NF-κBp65 and IRF5. Neither rFhCL1 or rFhGST enhanced DC phagocytosis or induced Th2/Treg immune responses in vivo. However, DCs matured in the presence of either enzyme suppressed IL-17 production from OVA-specific T-cells in vivo. In addition, DCs exposed to either antigen secreted reduced levels of IL-23. Therefore, both F. hepatica FheCL1 and FhGST modulate host immunity by suppressing responses associated with chronic inflammation - an immune modulatory mechanism that may benefit the parasites survival within the host. 

At Partner 3 (UCD) Work on the immunoregulatory effects of F. hepatica infection demonstted that cattle co-infected with F. hepatica and bacterial pathogens may show significant immunosuppression, with practical consequences for disease diagnosis and control  This has resulted in several publications, including an invited review. This work has also shown that IL-10 and TGF- production in the early and late stages, respectively, of liver fluke infection, are responsible for immunoregulation.  The cellular source of these cytokines is s yet uncertain.  Futher work is required to  determine the extent of the influence of liver fluke infection on the course of bacterial infection in cattle.  In our model system, involving co-infection with F. hepatica and M. bovis, the presence of the helminth infection seems to alter the process of granuloma formation and hence may impact on bacterial distribution and disease dissemination.

WP 3.4. To evaluate combinations of recombinant antigens in vaccine trials in cattle, sheep and goats.
Several vaccine trials have been carried out by partners using antigens from other partners within DELIVER in rats, sheep, cattle (a field trial) and goats.  In general, with the exception of field trials in cattle, these have not shown any statistically-significant protective effect.    Some of the serological and other results suggest that quality control of antigen preparations, and reproducibility of experiments, may have been an issue with this deliverable.  For future work, it is recommended that all vaccine trial experiments be carried out using protocols to GLP/GCP standards, and with double-blind procedures in place.   This will be necessary in order to achieve commercialization of a vaccine.

An overall consideration of the vaccine trials conducted during this period ha shown that consistent levels of protection have not been obtained with any antigen combinations.  

Analysis of results where a protective effect was obtained has confirmed that in cattle oil--type adjuvants deliver the best profile of response.   Quil A, on the other hand, has been shown to stimulate protective responses in sheep even without the addition of any specific antigen.    Clearly, the mechanisms involved in stimulating innate and adaptive immune responses may be different, and species differences may also be relevant. 

WP 3.6. To promote exploitation of the resulting vaccine technology.
At time of writing a multinational pharmaceutical company have an option to purchase the vaccine technology developed by Partner 3 and have conducted a clinical trial showing protection of the order of 50% using Cathepsin L1 with oil adjuvants in cattle.    The results have confirmed those of the previous field trial carried out by Partner 3.  There is now therefore a good platform from which to build a co-operative industry platform for commercialisation of a liver fluke vaccine.  

Dissemination of the need for a vaccine for the control of liver fluke and the work done towards this end has been achieved through the DELIVER project website and CD.  

WP 4. Project Coordination 

Four Governing Board meetings and two Executive Committee meeting were carried out during the project implementation. There was a good attendance to these coordination meetings. In addition, a good communication between partners has been conducted by e-mail and phone to proper coordinate common activities. An active and extensive collaboration and exchange of materials and advice between partners have occurred during the project execution, thus, 18 stays of researchers have been carried out in laboratories from other partners. 

Project web-site was built on period 1 and has been regularly updated, it contains sections for consumers, farmers, veterinarians and researchers. All partners and subcontractor VLA have collaborated for preparing a video-CD and a newsletter to disseminate results of the project to veterinarians, farmers and consumers, 3,000 video-CD have been distributed to farmers and veterinarian organisations, and it is available on the project web-site.  

2. Dissemination and use
Plan for using and disseminating the knowledge

Section 1. – Exploitable knowledge and its Use

Overview table 1-exploitable result

	Exploitable Knowledge (description)
	Exploitable product(s) or measure(s)
	Sector(s) of application
	Timetable for commercial use
	Patents or other IPR protection
	Owner & Other Partner(s) involved

	1. New superconductive Nb-Ti alloy
	MRI equipment
	1. Medical

2. Industrial inspection
	2008

2007
	A materials patent is planned for 2006


	Partic. X (owner)

Partic. Y, Partic. Z, Poss. licensing to equipment manuf. xyz

	
	
	
	
	
	

	
	
	
	
	
	



Partners 3 and 13 are in negotiation with two pharmaceutical industries for development and future exploitation of two vaccine candidates (CL1 and Sm14) which have been evaluated in the Deliver project.

Section 2. – Exploitable knowledge and its Use

Overview table – dissemination of knowledge-DELIVER –Year 1-3
	Planned/
actual

Dates 
	Type


	Type of audience
	Countries addressed
	Size of audience
	Partner responsible /involved

	2009

2009

2009

2009

2009

2009

2009

2008

2008
	Scientific papers

Rafael Zafra, Ricardo E. Rafael A. Pérez-Écija, Mendes,  Rafael Zafra, Leandro Buffoni, José Pérez, Álvaro Martínez-Moreno, Francisco J. Martínez Moreno, Peter Brophy, José Pérez. Local immune response in the liver and peritoneum in goats immunized with sigma-GST and infected with Fasciola hepatica. (In preparation) 

Leandro Buffoni, Ricardo E. Mendes,  Rafael Zafra, Rafael A. Pérez-Écija, José Pérez, Grace Mulcahy, Mary Sekiya, Álvaro Martínez-Moreno . Study of the liver damage and host response in of goats immunized with recombinant cathepsin L1 and challenged with F. hepatica. Vet. Parasitol. (In preparation) 

Ricardo E. Mendes, Leandro Buffoni, Rafael Zafra, Rafael A. Pérez-Écija, Álvaro Martínez-Moreno, Grace Mulcahy, José Pérez. Study of the liver damage and host response in of goats immunized with recombinant thioredoxin peroxidase and challenged with F. hepatica. Vet. Immunol. Immunopathol. (In preparation) 

Ricardo E. Mendes, Rafael Zafra, Rafael A. Pérez-Écija, Leandro Buffoni, Álvaro Martínez-Moreno, Miriam Tendler, José Pérez Evaluation of hepatic changes and study of the local immune response to Fasciola hepatica experimental infection in the liver and hepatic lymph nodes of goats immunized with Sm14 antigen. Mem. Inst. Oswaldo Cruz (In preparation) 

Zafra, R., Pérez-Écija, R.A., Buffoni, L., Mendes, R.E., Martínez-Moreno, A., Martínez Galisteo, M.E. and Pérez, J.

Evaluation of Hepatic Damage and Local Immune Response in Goats Immunized with Naïve Glutathione S-transferase of Fasciola hepatica. J. Comp. Pathol. (Submitted)
Buffoni, L., Zafra, R., Pérez-Ecija, A., Martínez-Moreno, F.J.; Moreno, T.; Pérez, J.; Martínez-Moreno, A.

Immune response of goats immunized with glutathione-S-transferase and experimentallly challenged with Fasciola hepatica.  

Parasitology International (accepted)

Rafael A. Pérez-Écija, Ricardo E. Mendes, Rafael Zafra, Leandro Buffonni, Alvaro Martínez-Moreno, José Pérez
Pathological and parasitological evaluation of protection in goats immunised with recombinant cathepsin L1 and challenged with Fasciola hepatica. Vet. J. (2009, Aug 6, Epub Ahead of print)
R. Zafra, L. Buffoni, R.A. Pérez-Écija, R. Evandro, A. Martínez-Moreno, F.J. Martínez-Moreno. and J. Pérez. Study of the local immune response to Fasciola hepatica in the liver and hepatic

lymph nodes of goats immunised with a peptide of the Sm14 antigen. Res Vet Sci. 87 (2009) 226–232

R. Zafra, L. Buffoni, A. Martínez-Moreno, A. Pérez-Écija, F.J. Martinez-Moreno and J. Pérez. A Study of the Liver of Goats Immunized with

a Synthetic Peptide of the Sm14 Antigen and

Challenged with Fasciola hepatica. J Comp. Pathol. 139, 169-176.
	Scientific 

Community
Scientific 

Community
Scientific 

Community
Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community


	International
International
International
International

International

International

International

International

International


	
	Partner 1/16

Partner 1/3

Partner 1/3

Partner 1/13

Partner 1

Partner 1

Partner 1/3

Partner 1

Partner 1



	
	Congress presentations


	
	
	
	

	September, 2009
	Immunisation trial with Cathepsin L1 (FhCL1) against goat fasciolosis

Buffoni L., Zafra R., Acosta I., Pérez-Écija A., Pérez J., Martínez-Moreno A. 

XI Congreso Iberico de Parasitología, Lisboa (Portugal).


	Scientific Community


	International


	100


	Partner 1

	September, 2009
	Study of the immune response in goat immunized with Sm14 antigen and challenged with Fasciola hepatica. 

Buffoni L., Mendes R., Pérez-Écija., Acosta I., Pérez J., Martínez-Moreno A. 

XI Congreso Iberico de Parasitología, Lisboa (Portugal).


	Scientific Community


	International


	100


	Partner 1

	September, 2009
	Immune response in goats vaccined with Peroxiredoxin (FhPrx) and experimentally infected with Fasciola hepatica. 

Buffoni L., Pérez J., Martínez Moreno F.J., Hernández Rodríguez S., Zafra R., Martínez Moreno A. 

XI Congreso Iberico de Parasitología, Lisboa (Portugal).


	Scientific Community


	International


	100


	Partner 1

	September, 2009
	Vaccine trials against goat fasciolosis.

Buffoni L., Hernández Rodríguez S., Martínez Moreno F.J., Mendes R., Pérez J., Martínez Moreno A. 

XI Congreso Iberico de Parasitología, Lisboa (Portugal).


	Scientific Community


	International


	100


	Partner 1

	June, 2009
	Mendes Ricardo E., Pérez-Écija Alejandro, Zafra Rafael, Ruiz María Josefa, Bufonni Leandro, Martínez-Moreno Álvaro, Pérez José. Respuesta inmunitaria local en cabras inmunizadas con catepsina L1 recombinante e infectadas con Fasciola hepatica. XX Reunión Sociedad Española Anatomía Patológica Veterinaria. Ferreira de Pantón, Lugo

	Scientific Community


	National


	120


	Partner 1

	June, 2009
	Pérez-Écija Alejandro, Mendes Ricardo, Zafra Rafael, Bufonni Leandro, Martínez-Moreno Álvaro, Pérez José. Respuesta immunitaria local en cabras inmunizadas con antigen Sm14 e infectadas con Fasciola hepatica
XX Reunión Sociedad Española Anatomía Patológica Veterinaria. Ferreira de Pantón, Lugo

	Scientific Community


	National


	120


	Partner 1

	September, 2008
	Rafael Zafra, Alejandro Pérez-Écija, Ricardo Mendes, Leandro Buffoni, Alvaro Martinez-Moreno, José Pérez
Evaluation of the hepatic damage in goats immunized with recombinant cathepsin L1 and challenged with Fasciola hepatica.

26th Meeting
of the European Society of Veterinary Pathology. Dubrovnik, Croatia
	Scientific Community


	International


	400


	Partner 1

	September, 2008
	Alejandro Pérez-Écija, Rafael Zafra, Leandro Buffoni, Ricardo Mendes, Francisco-Javier Martínez-Moreno, Alvaro Martinez-Moreno, José Pérez

Patological and morphometric study of the liver of goats immunized with recombinant thioredoxin peroxidase and challenged with Fasciola hepatica. 26th Meeting
of the European Society of Veterinary Pathology. Dubrovnik, Croatia

	Scientific Community


	International


	400


	Partner 1

	September, 2008
	Rafael Zafra, Alejandro Pérez-Écija, Leandro Buffoni, Alvaro Martinez-Moreno, José Pérez. Evaluation of the local immune response in goats immunized with a synthetic peptide of the Sm14 antigen and challenged with Fasciola hepatica. 26th Meeting

of the European Society of Veterinary Pathology. Dubrovnik, Croatia

	Scientific Community


	International


	400


	Partner 1

	June, 2008
	Zafra, L Buffoni, A Martínez-Moreno, S. Martínez-Cruz, J Pérez
ESTUDIO MORFOMÉTRICO DE HÍGADO Y NODULOS LINFATICOS HEPATICOS EN CABRAS VACUNADAS CON TPx E INFECTADAS CON Fasciola hepatica. XX Reunión Sociedad Española Anatomía Patológica Veterinaria, La Palma. 
	Scientific Community


	National


	100


	Partner 1

	June, 2008
	RE Mendes, RA Pérez-Écija, R Zafra, L Buffoni, A Martínez-Moreno, E. Mozos1, MJ Ruiz-Aguilera, J Pérez. ESTUDIO MORFOMÉTRICO DE HÍGADO Y NODULOS LINFATICOS HEPATICOS EN CABRAS VACUNADAS CON CL1 E INFECTADAS CON Fasciola hepatica. XX Reunión SEAPV, La Palma. 

	Scientific Community


	National


	100


	Partner 1

	June, 2007

June, 2007

August, 2007

July, 2007
July, 2007
	Pérez, J. Zafra, R., Mendes, R.E., Buffoni, L., Pérez-Ecija, R.A., Méndez, A., Acosta, I., Martínez-Moreno, F.J., Martínez-Moreno, A.

Pathological and parasitological study of gotas immunized sith recombinant cathepsin L1 and Thiorredoxin peroxidase and challenged with Fasciola hepatica. 2nd Internacional meeting Torino-Giessen-Zürich-Córdoba of young Veterinary Pathologists. Saluzzo, Italy

Zafra, R., Mendes, R.E., Bufón, L., Martínez-Moreno, A., Pérez-Ecija, R.A., Jover, A., Sierra, M.A., Martínez-Moreno, F.J., Martínez-Cruz, S., Pérez, J.

Pathological and immunohistochemical study of liver and hepatic lymp nodes of gotas immunized with glutation-S transferase and a synthetic peptide of the sm14 antigen and challenged with Fasciola hepatica. 2nd Internacional meeting Torino-Giessen-Zürich-Córdoba of young Veterinary Pathologists. Saluzzo, Italy

Martinez-Moreno A., Buffoni L., Zafra R., Pérez-Écija A., Mendes R.E., Martínez-Moreno F.J., Acosta-García I., Pérez J. Evaluation of protection induced by recombinant cathepsin L1 in goats challenged with Fasciola hepatica. 21st WAAVP Conference, Ghent, Belgium.
Pérez J., Zafra R., Pérez-Écija A., Buffoni L., Mendes R.E., Martínez-Moreno F.J., Martínez-Cruz S., Martinez-Moreno A.

Evaluation of protection induced by recombinant thioredoxin peroxidase in goats challenged with Fasciola hepatica. 21st WAAVP Conference, Ghent, Belgium.
Martínez-Moreno A., Acosta García I., Buffoni L., Martínez-Moreno F.J., Pérez J., Zafra, R., Hernández-Rodríguez S. 

Valoración de la protección inducida por Catepsina L1 recombinante (CL1) en fasciolosis caprina. X Congreso Ibérico de Parasitología (CIP 10)

Martínez-Moreno F.J., Pérez-Ecija, R.A., Hernández Redondo, E.,  Buffoni L., Pérez J., Zafra, R., Martínez-Moreno A. Ensayo de inmunización con tioredoxina peroxidasa (Tpx) frente a Fasciola hepatica en cabras. X Congreso Ibérico de Parasitología (CIP 10)


	Scientific Community

Scientific Community

Scientific Community
Scientific Community
Scientific Community
Scientific Community

	International

International

International

International
International
International

	40
40

200

200

100

100


	Partner 1
Partner 1

Partner 1

Partner 1

Partner 1

Partner 1

	April 2008

October, 2007

April 2007
	Mass Media
LA UCO PARTICIPA EN UN PROGRAMA EUROPEO PARA ACABAR CON UN PARÁSITO DE LOS RUMIANTES. Andalucía Investiga. Junta de Andalucía. www.andalucíaluciainvestiga.com
La UCO desarrollará una vacuna para combatir la fasciolosis. Diario Córdoba (31-10-07)
LECHE Y CARNE LIBRES DE PARÁSITOS. Andalucía Investiga. Junta de Andalucía. www.andalucíaluciainvestiga.com

	Public in general

Public in general

Public in general
	Regional
Regional

Regional
	
	Partner 1

Partner 1

Partner 1

	April 2007

April 2007

April 2007

2007

January 2008

February 2008

September 2008

November 2008

January 2009

April 2009

June 2009

June 2009

June 2009

August 2009


	Conference presentation

Hamilton, C.M., Dowling, D. and O’Neill, S.M. (2007) Anti-inflammatory properties of Fasciola hepatica tegumental coat. WHIP, April/May 2007, Cape Cod, USA.
Conference presentation

Hamilton, C.M., Dowling, D. and O’Neill, S.M. (2007) Anti-inflammatory properties of Fasciola hepatica tegumental coat. BSP, April 2007, Belfast, Northern Ireland.

Conference presentation

Dowling D., Hamilton C.M. and O’Neill S.M. (2007) Fasciola hepatica tegumental antigens suppress DC function irrespective of TLR stimulation, BSP, April 2007, Belfast, Northern Ireland.

Paper Publication

Parkinson M, O'Neill SM, Dalton JP. (2007) Controlling fasciolosis in the Bolivian Altiplano. Trends Parasitol. 23(6):238-9.

Paper Publication

Dowling D., Hamilton C. and O’Neill (2008) A comparative analysis of cytokine responses, cell surface marker expression and MAPKs in DCs matured with LPS compared to a panel of TLR ligands. In press.

Poster Presentation:

Innate Immunology Signalling Mechanisms 2008, Keystone CO, USA (Poster session). 

Fasciola Hepatica/ tegumental antigens significantly reduce and suppress TLR-induced dendritic cell activation.
Poster Presentation

Irish Society for Immunology

COMPARATIVE ANAYLSIS OF DC MATURATION WITH VARIOUS TLR LIGANDS.
Invited Talk

O’Neill SM. Departmental Research Seminar “Modulation of Dendritic cells by Fasciola Antigen” Department of Parasitology and Microbiology, Humbolt University, Berlin, November 2008.

Invited Talk

O’Neill SM. Departmental Research Seminar. Fasciola tegumental antigen modulates innate immune cell function. Dpt. of Dermatology and Allergy Allergie-Centrum-Charité/ECARF Charité - Universitätsmedizin Berlin January 2009.

Conference presentation

David J. Dowling, Clare M. Hamilton, Sheila Donnelly, James La Course, Peter M. Brophy, John Dalton and Sandra M. O’Neill. Helminth antigens induce distinct dendritic cell phenotype British Society for Parasitology, Edinburgh, April 2009.
Paper Publication

Hamilton CM, Dowling DJ, Loscher CE, Morphew RM, Brophy PM and O’Neill SM (2009) Suppression of dendritic cell maturation by Fasciola hepatica tegumental antigen. Infection and Immunity, Mar 30. [Epub ahead of print] 

Book Chapter Published

Parkinson M, Dalton JP and O’Neill SM (2009) “Fasciolosis” Zoonoses, second edition Editors, Stephen, Palmer/Lawson Soulsby/Paul Torgerson/David Brown: Oxford university press. 

Paper under review

Major secretory antigens of the helminth Fasciola hepatica activate a suppressive dendritic cell phenotype that suppresses Th17 cells but fails to activate Th2/Treg immune responses. David J. Dowling, Clare M. Hamilton, Sheila Donnelly, James La Course, Peter M. Brophy, John Dalton and Sandra M. O’Neill

Infection and Immunity

Conference Presentation

Hamilton CM, Dowling DJ and O’Neill SM (2009) Suppression of dendritic cell maturation by Fasciola hepatica tegumental antigen
WAAVP, Calgary, Canada
	Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community

Scientific Community


	International

International

International

International

International
International
National

National

National

International

International

International

International

International
	200

100

100
	Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2

Partner 2



	2009
	Peer-reviewed publications

Evidence of Fasciola hepatica infection in Radix peregra and a mollusc of the family Succineidae in Ireland.
Relf V, Good B, McCarthy E, de Waal T. Vet Parasitol. 2009 Jul 7;163(1-2):152-5. Epub 2009 Apr 14

	Scientific Community


	International
	
	Partner 3

	2009
	R. J. Flynn, G. Mulcahy, M. Welsh, J. P. Cassidy, D. Corbett, C. Milligan, P. Andersen, S. Strain,J.McNair. Co-Infection of Cattle with Fasciola hepatica and

Mycobacterium bovis – Immunological Consequences. Transboundary and Emerging Diseases. 56 (2009) 269–274

	Scientific Community
	International
	
	Partner 3

	2009
	O. Hacarız, G. Sayers, M. McCullough, M. Garrett, J. O’Donovan, G. Mulcahy. The effect of Quil A adjuvant on the course of experimental Fasciola hepatica infection in sheep. Vaccine 27 (2009) 45–50.

	Scientific Community
	International
	
	Partner 3

	2008
	R. J. Flynn, G. Mulcahy. The roles of IL-10 and TGF-b in controlling IL-4 and IFN-c

production during experimental Fasciola hepatica infection. International Journal for Parasitology 38 (2008) 1673–1680

	Scientific Community
	International
	
	Partner 3

	2008
	Flynn RJ, Mulcahy G.
Possible role for Toll-like receptors in interaction of Fasciola hepatica excretory/secretory products with bovine macrophages.

Infection and immunity 76 (2008), 678-684.
	Scientific Community
	International
	
	Partner 3

	Nov 2007
	Flynn RJ, Irwin JA, Olivier M, Sekiya M, Dalton JP, Mulcahy G.
Alternative activation of ruminant macrophages by Fasciola hepatica.

Vet Immunol Immunopathol. 2007 Nov 15;120(1-2):31-40. Epub 2007 Jul 17.

PMID: 17719651 [PubMed - in process]
	Scientific Community
	International
	
	Partner 3

	March 2007
	Flynn RJ, Mannion C, Golden O, Hacariz O, Mulcahy G.
Experimental Fasciola hepatica infection alters responses to tests used for diagnosis of bovine tuberculosis.

Infect Immun. 2007 Mar;75(3):1373-81. Epub 2006 Dec 28
	Scientific Community
	International
	
	Partner 3

	August 2007
	G. Mulcahy

EVPC Symposium,

Ghent
 “Helminth Immunoregulation”
Invited workshop
	Scientific Community
	International
	200
	Partner 3

	Sept 2007
	G. Mulcahy

AFBI Vet Sciences Division, Belfast
“Immunomodulation by Fasciola hepatica” 

Invited talk
	Scientific Community
	IE, GB
	50
	Partner 3

	2007

2008


	Conference Presentations 
Relf, V., Good, B., Gray, J., Mulcahy, G., Forbes, A., Murphy, T. & De Waal, T., 2007. Preliminary data on the population dynamics of Lymnaea truncatula in the west of Ireland. The British Society for Parasitology – Spring & Malaria Meeting, 15-18 April 2007. Queens University, Belfast, Northern Ireland 

Relf, V., Good, B., Gray, J., Mulcahy, G., Forbes, A., Murphy, T. & De Waal, 2007. The population dynamics of Lymnaea truncatula in the west of Ireland and the prevalence of Fasciola hepatica within the intermediate host. T. 21st  International Conference of the World Association of Veterinary Parasitology, 19-23 August 2007, Gent, Belgium.

Relf, V., Good, B., McCarthy, E. and de Waal, T., 2008. Fasciola hepatica infection in Lymnaea truncatula on the Teagasc Hill Sheep Farm, Leenane, Co. Mayo. Agricultural Research Forum, 12th & 13th March 2008, Tullamore Court Hotel, Tullamore, Co Offaly, Ireland.
Mooney, L.A., Good, B., De Waal, T., 2008. Comparative efficacy of four anthelmintics against naturally acquired Fasciola hepatica infection in a lowland sheep flock from the West of Ireland. The 42nd AVTRW (Irish region) Spring Scientific meeting, 12th March  2008, Backweston, Celbridge, Co. Kildare, Ireland.

	Research Scientific Community

Research Scientific Community
Research Scientific Community
Research Scientific Community


	National

International

National

National


	50

50

30

30
	Partner 3

Partner 3

Partner 3

Partner 3

	2008

2009

2009

2009

2009
	Scientific papers :

Line, K., Isupov,N., Garcia-Rodriguez, E., Maggioli,G., Parra, F., and Littlechild, J.A. 2008, The Fasciola hepatica thioredoxin :high resolution structure reveals two oxidation states, Molecular and Biochemical Parasitology, 161, 44-48

Line, K.,  Isupov, M.N., LaCourse, E.J., Brophy, P.M. & Littlechild, J.A., (2009). The 1.6 Å X-ray structure of the sigma class GST from Fasciola hepatica.  Manuscript in preparation for Journal of Molecular Biology.

Line, K.,  Maylam, C.,  Isupov, M.N., LaCourse, E.J., Brophy, P.M. & Littlechild, J.A., (2009).  The 2.4 Å apo-structure of the Mu class GST26 from Fasciola hepatica.  Manuscript in preparation.

Hussein, T., Littlechild, J.A., Hamilton, C. & Line, K., (2009).  Synthesis of derivatives of the anthelmintic triclabendazole for immobilization to identify binding proteins from Fasciola hepatica. Manuscript in preparation.

Line, K., Littlechild, J.A. & Steinberg, G., (2009).  The use of the corn smut fungi Ustilago maydis for investigation of the effect of triclabendazole on microtubule polymerisation. Manuscript in preparation.
	Scientific Community

Scientific community

Scientific community

Scientific community

Scientific community
	International 

International

International

International

International
	
	Partner 5

Partner 5 & 4

Partner 5 & 4

Partner 5

Partner 5

	27/09/07

01/10/08

01/07/09
	Conference Presentations

Invited talk – ‘Fasciola hepatica and oxidative stress – the role of the thioredoxin and peroxiredoxin system’

Poster – DeLiver : Structural investigation of proteins from the liver fluke Fasciola hepatica – International crystallography school, Como, Italy, 29 Sept – 3 Oct 2008.

Oral presentation - X-ray structure of Fasciola hepatica sigma class GST – South West Structural Biology Consortia, Brighton, UK, 30 June – 1 July 2009.


	Research and medical

Research

Research 
	UK

International

UK
	30 – 40

200

100
	Partner 5 

Partner 5

Partner 5

	2007

2009

2009

2009
	Scientific Paper

McGarry J.W., Ortiz, P., Hodgkinson, J.E., Goreish, I. and Williams D.J.L. (2007).  PCR-based differentiation of Fasciola species (Trematoda: Fasciolidae), using primers based on RAPD-derived sequences. Annals of Tropical Medicine and Parasitology 101, 415-421
 C. M. McCann, M. Baylis, D. J.  L. Williams. The sero-prevalence and spatial distribution of Fasciola hepatica infected dairy herds in England and Wales. Veterinary Record (Submitted, revision being prepared)

McCann C. M., Baylis M., Guis, H., Williams. D. J.  L. The use of climatic and environmental data to develop coarse scale models explaining the distribution of Fasciola hepatica in dairy herds in England and Wales Preventive Veterinary Medicine, (In preparation)

McGarry, J.W. and Williams, D.J.L.PCR for the detection of Fasciola eggs in faecal samples Annals of Tropical Medicine and Parasitology (in preparation)


	Research Community 

Scientific Community

Scientific Community 

Research Community


	International 

International 

International 

International
	
	Partner 6 

Partner 6 

Partner 6 

Partner 6 

	07/09/2007
	Congress Presentation

“Is there evidence of infection with Fasciola hepatica in an “at risk” UK population?”
Public Health Laboratories (PHLS) Farm Cohort Steering Group Meeting,
	Research and

medical
	UK
	
	Partner 6

	07/09/2007
	Congress Presentation

“Is there evidence of infection with Fasciola hepatica in an “at risk” UK population?”
Public Health Laboratories (PHLS) Farm Cohort Steering Group Meeting,
	Research and

medical
	UK
	
	Partner 6

	07/09/2007

2008

2008

2009


	 “DELIVER WP1 Epidemiology of fasciolosis”  21st Conference of the World Association for the Advancement of Veterinary  Parasitology (WAAVP), Gent, Brussels, Aug 2007

McCann, C.M., Baylis, M., Williams, D.J.L. Geospatial mapping of the prevalence of fasciolosis in dairy herds in England and Wales – towards the development of a predictive model. Association for Veterinary Teachers and Research Work (AVTRW) Annual Meeting, March 2008

McCann, C.M., Baylis, M., Williams, D.J.L. The use of a GIS to identify risk factors for liver fluke infection in dairy herds in England and Wales – towards the development of a predictive model. British Society of Veterinary Parasitology/Irish Society Joint Annual Meeting, University of Bristol, September 2008. 
McCann, C. M., Baylis, M., Williams, D. J.  L. The use of a GIS to identify risk factors for liver fluke infection in dairy herds in England and Wales. British Society for Parasitology meeting, University of Edinburgh, April 2009.
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· Brennan, G.; Fairweather, I.; Trudgett, A.; Hoey, E.; McCoy; McConville, M.; Meaney, M.; Robinson, M.;  McFerran, N.; Ryan, L.; Lanusse, C.; Mottier, L.; Alvarez, L.; Solana, H.; Virkel, G.; Brophy, P.M. (2007).  Understanding triclabendazole resistance. Experimental and Molecular Pathology, 82: 104-109. 
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· James LaCourse.  Towards controlling the Liver Fluke Fasciola hepatica.  British Society for Parasitology meeting – The University of Newcastle - April 2008.
Congress Poster Presentations.

· British Society for Parasitology meeting – Queens University Belfast April 2007. Characterisation of Fasciola hepatica Glutathione Transferases Involved in Trichlabendazole Metabolism and Resistance. James LaCourse1, Samirah Perally, Gustavo Chemale, Liz Hoey, Laura Tyrer and Peter Brophy. The University of Liverpool, School of Biological Sciences, Liverpool.; Queens University Belfast, School of Biological Sciences, UK.; Aberystwyth University, Institute of Biological Sciences, UK.
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Gaasenbeek, C. P.H,  Borgsteede, F. H.M. (2008). Veel hazen besmet met leverbot in de Wijde Wormer. De Nederlandse Jager 17:10-11. (In Dutch). (Many hares infected with liver fluke in the Wijde Wormer)
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Section 3. – Publishable Results

Partner 3 (UCD) and partner 13 (OCF) are in negotiations with two pharmaceutical industries for development and future exploitation of two vaccine candidates evaluated in the Deliver project (CL1 and Sm14, respectively). However, data for both contracts still are not available. 
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