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1. Project execution

The project “Assessment and Critical Evaluation of Antibiotic Resistance Transferability in Food Chain”  (ACE-ART) was aimed to provide a critical evaluation of the impact of antibiotic use in agriculture and in the prophylaxis and treatment of disease in humans on non pathogenic, food-related bacteria.
When the project was launched little was known about the resistance/sensitivity to antibiotics  of non pathogenic, food related bacteria (mainly lactic acid bacteria).This lack of information was hampering the safety assessment of EFSA, which is in charge of approval of bacteria as feed additives and for plat protection). Moreover, there was a need to investigate the role played by non pathogenic, food related bacteria as reservoir of drug resistances, including the transferability of these genetic traits from non pathogenic bacteria to harmful bacteria. 

In addition, the recent  ban of auxinic (growth promoter) as animal feeding additives  adopted by EU has also further developed the debate on the role played by these additives in selecting drug resistant bacteria among  food related microrganisms.

All these points were addressed in  the  five General Objectives of the ACE-ART project: 
General objective 1: phenotypic assessment of the presence of resistance to antibiotics in a large number of strains. Strains have been selected following criteria able to provide coverage of all the possibilities for studying the impact of antibiotic use in agro-food and humans. For each single bacterial species the project consider strains isolated in the pre antibiotic era (before 1950) and in the antibiotic era, but also isolated in very distant countries. In addition to time and space variability, strains are selected in order to represent different ecological habitats (i.e. animal/gut, dairy products, plants and vegetables). 


Fig.1 Composition in genera and species of the project culture collection

A collection of more than 1400 bacterial strains belonging to  20 species of Lactobacillus, Bifidobacterium, Lactococcus and Streptococcus thermophilus was established. For most of these species the number of 50 different strains per species was reached, so following the EFSA/FEEDAP guidelines .
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Fig.2. Source and year of isolation of strains belonging to the ACE-ART culture collection

This was the biological material used to develop standardised phenotypic procedures to detect strains showing a level of antibiotic resistance atypical  for their species (see Fig.3 ). After species and strain identification performed on all the collection strains by means of genetic assays, 1300 strain were retained and characterised for their drug resistance profiles; the effort was to find out strains able to grow in the presence of drug concentrations higher than those tolerated by most members of the species, the so called “atypical” strains, possibly harbouring an acquired resistance gene.
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Fig. 3  Phenotypic detection for “atypical” strain within a species 
Specific media were developed and, what it seems more relevant, standardised protocols were designed. These protocols are now under evaluation by ISO for their use as an ISO standard. This is a really relevant results achieved by ACE-ART project, the unexpected contribution to the development of an ISO standard.

Results of these survey have been published in a dozen papers, in which cut-off values are listed for the species taken in consideration and for a number of different drugs ranging from five to eight.
General objective 2: evaluation of the in vitro and in vivo transferability of antibiotic resistant genes found in the studied bacteria (see objective 1) as well as in some strains already characterised as resistant by some partners of the project. 
Horizontal gene transfer (HGT) is the second safety evaluation step asked by EFSA when examining application for the use of bacterial strain as feed additives or plant protection agents. It is to point out that the presence of a drug resistance gene in a non pathogenic bacterium does not transform it into a pathogen but this bacterium could become a reservoir of resistance for pathogens. The harm is then represented by the  presence of transferable genetic traits while risk evaluation is, in this case, the measurement of the frequency/probability that this transfer could occur.
HGT has been assessed by means of in vitro and in vivo experiments. Studies of gene transfer between bacteria that are either taxonomically closely related or more distantly related have shown a different behaviour among the strain pairs used, suggesting that the general evaluation of transferability has to be done in a case by case way. 
However, ACE-ART results strongly suggest that transfer into Gram negative pathogens could be ed highly unlikely to occur, while transfer to Gram positive is resulted possible.
Within this objective the stability of the antibiotic resistance traits has been also evaluated as well as the effect of acid and bile on identified gene transfer. The effect on horizontal gene transfer of selective pressure from the presence of antibiotic agents has been assessed; results suggest a promoting impact of the environmental presence of antibiotics on transferability.

General objective 3: the molecular characterisation of the atypical resistance pattern(s) observed in Lactobacillus, Lactococcus and Bifidobacterium strains 
This objective was devoted to the molecular characterisation of the three different classes of antibiotic resistance mechanisms: 1. natural or intrinsic resistance, 2. mutational resistance and 3. horizontally acquired resistance. 
In total more than 340 LAB and Bifidobacteria were screened for the presence of potential AR genes by various molecular tools. For a large number of strains the underlying mechanisms have been investigated and the location of the genes (either on the chromosome, transposon or plasmid determined. 
In most cases potential AR genes were identified in strains with a high MIC value for the particular antibiotic, i.e. higher than the breakpoint value. In a few resistant strains the resistance mechanism could not be identified, suggesting a need for further research.
In contrast, potential AR genes were also detected in strains with low MIC values; therefore it appears that  the presence of a putative AR gene, detected by genetic tools, does not always result in a resistant phenotype. This phenomenon could be explained, in some cases, by gene interruption by means of  insertion sequences, which probably results in an inactive resistance gene. However, in several other strains the cause of a sensitive phenotype in the presence of a putative AR gene remains unclear and needs to be investigated further.
These results support the position of the EFSA/FEEDAP panel which is asking for both the phenotypic an the genetic evaluation of the drug resistance profiles of strains applying for approval by EFSA.

Some phenotypically resistant strains were found to harbour Multi Drug Resistance (MDR ) and some of these genes were characterised in details. The presence of  MDR raises new issue in the safety assessment of these kind of food bacteria, as these genetic traits are not generally included in the list of genes used for genetic evaluation of drug resistance

Drug resistance genes were also characterised for their copy numbers and for the variability of their nucleotide sequences, to provide a further insight to the risk posed by these determinants;   Real Time PCR and Denaturing Gradient gel Electrophoresis were the techniques used 
General Objective 4: dissemination of results. The first specific target of dissemination  of this project was the European Commission and its agencies. The EFSA panel named FEEDAP has already used data provided by ACEART in their documents (see the July 2005 FEEDAP document). A larger audience has been reached, in addition to the web-site and leaflets, by means of the third open meeting of the project, held Parma, November 17, 2006, in collaboration with EFSA. It seems relevant to point out that this open meeting was the result of a close collaboration between ACEART and the scientific officer of EFSA (panels FEEDAP and BIOHAZ, Working Group QPS). The transfer of ACEART database to EUCAST will be one of the last dissemination effort, together with the special issue, totally devoted to the ACEART project, of the “International Journal of Probiotics and Prebiotics”. 
An important further dissemination step is under preparation and scheduled for the six months after the end of the project: a special issue of  the “International Journal of Probiotics and Prebiotics” is under preparation; in this 250 pages issues all main results obtained by ACE-ART will be presented.

This issue will be distributed to all main stakeholders already present in the project mail list and on specific request to the coordinator.
General Objective 5: Involvement of the industries producing starter cultures for feed/food fermentation. 

ACE-ART was a good example of collaboration between the academic and the industrial world..

Industries producing starter cultures, gathered into the European Food and Feed Culture Association, have been involved in the project since the original presentation of an expression of interest at the beginning of FP VI.  EFFCA has provide about 90 strains to the project culture collection and they have actively collaborated to the project management by means of its permanent observer in the Project Management Team. 
Thanks to dissemination efforts done by EFFCA the third open meeting  of ACE-ART has seen the participation of several representative of companies from Europe, USA, Canada, Japan and international industrial association such as LABIP and YFLA. In the last part of the project an active role was also played by FIL/IDF research group named JAT (Join Action Team on Probiotics). JAT is working with ISO to develop standard procedures for phenotypic evaluation of antibiotic resistance in probiotic bacteria. Procedures developed and standardised by ACE-ART has been accepted by JAT and are in the process to become a standard assay of ISO. This is a remarkable results of involvement and collaboration among different research bodies.
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