Antimicrobial resistance   

This JPI-proposal on Antimicrobial resistance is a framework to discuss with member states who want to participate in further elaborating this challenge. 

1.
Theme for the Joint Programming Initiative

The discovery of antibiotics in the mid-twentieth century revolutionized the management and treatment of infectious disease caused by bacteria. Infections that would normally have a fatal outcome for the patient were now curable. Today, bacterial resistance to antibiotics (antimicrobial resistance) is a rapidly growing problem, posing a serious threat to global health. The emergence of drug resistance is accompanied with a decline in the discovery of new antimicrobial drugs. We are facing the possibility of a future without effective antibiotics and a scenario where infections that today are considered harmless could again become serious health problems and a major cause of death.

According to a recent report from European Centre for Disease Control (ECDC) and European Medicines Agency (EMEA), more than 25 000 patients in the EU die each year from infections caused by bacteria resistant to multiple antibiotics, so called multidrug-resistant bacteria. The ECDC as well as the WHO considers antimicrobial drug resistance to be one of the major health threats in Europe. The importance of the area is illustrated by several recent initiatives addressing various aspects of Antimicrobial resistance, such as the European Antibiotic Awareness Day, the development of an EU/US transatlantic task force on Antimicrobial resistance and a conference on Innovative incentives for effective antibiotics hosted by the Swedish EU presidency.
In several countries resistance rates to single antibiotics exceed 50% and resistance to several antibiotics is common and increasing. A high consumption of antibiotics has been shown to select for resistance and to correlate with high resistance rates. Antibiotics are unique in that they not only affect the patient being treated. During antibiotic treatment, and especially if not optimally tailored, resistant bacteria can be selected for and thereafter spread to other people with subsequent consequences for the whole society. With the prevalent travel and mobility of European citizens, the problem of antimicrobial resistance is by nature not a national, but a global, problem. This is exemplified by a pneumococcus clone, resistant to most of the major classes of antimicrobial agents used for the treatment of respiratory tract infections, first appearing in Spain and spreading to the rest of the world.
Today, investments into research and product development within the antimicrobial field are decreasing at the same time as resistance to antibiotics is increasing, creating a gap between the burden of infections and the development of new medicines to tackle the problem. The grand challenge for Europe is to take an active lead to turn this situation around. A focused and up-scaled approach involving the combined efforts of several countries is needed to address both current medical needs and future emergence of new resistant pathogens. Action is needed on many fronts; new approaches for prevention and treatment of infections, development of rapid diagnostic tools, innovations into new drugs and models for predicting resistance to antibiotic agents.
In addition to health care costs, infectious diseases caused by resistant bacteria result in indirect costs such as days away from work and lost output as a result of premature death. Indeed, the report by ECDC/EMEA estimated the overall cost to society in terms of extra healthcare cost and productivity losses to 1.5 billion EUR each year. It is clear that actions against antibiotic resistance and research aimed at finding new treatments have the possibility to improve the quality of life of people, significantly lower the costs of the healthcare systems and also increase participation and output of the workforce in Europe. A European Joint Programming targeted to this area has a high potential to boost research advances and innovations as well as increasing the competitiveness of the European Union on a global scale.
Medical Challenge
The consequences of multidrug-resistant bacteria are vast and pose a threat to almost all branches of medical practice. Without access to effective antibiotics procedures such as transplant and joint replacement surgery, AIDS treatment, cancer treatment, intensive care after major surgery and multitrauma, and care of prematurely born babies are seriously jeopardized.  All these procedures require the availability of effective antibiotics to prevent and treat infection. However, a future lack of antibiotics potentially complicates any infection. Already today some common infections, such as urinary and respiratory tract infections in otherwise healthy patients, are the cause of multidrug-resistant bacteria against which no antibiotics in tablet form are effective. 

In hospitals, intensive care units are especially exposed. A recent small survey among European intensive care physicians revealed that 80% of the participants considered having to deal with infections due to antibiotic-resistant bacteria a major or significant problem. Furthermore, half of the participants had treated at least one patient infected with multi-resistant bacteria in the last 6 months, while one in ten had treated more than 10 patients with these infections.
The most common resistant multidrug-resistant bacteria in the EU are the Gram-positive MRSA (Meticillin Resistant Staphlococcus Aurius) bacteria. However, resistance among other groups of bacteria, including several Gram-negative bacteria, is increasing in the EU and is expected to pose a particular problem in the coming years. These include a wide range of health care related infections such as ventilator associated pneumonia, sepsis in immuno-compromised patients and severe intraabdominal infections. Currently, the biggest challenge is treatment of infections caused by carbapenem resistant Enterobacteriaceae third-generation and multidrug/pan-resistant resistant non-fermentative gram-negative bacteria. According to a recent report from ECDC/EMEA, there are few antimicrobial agents with new mechanisms of action under development to meet the challenge of multidrug resistance. In particular, there is a lack of such agents for gram-negative bacteria. 

In order to achieve the best results, all care facilities need early warning systems for multidrug/pan-resistant bacteria and feed-back of surveillance of antibiotic resistance to the prescribers. 
Economic and Societal Challenge

There is an urgent need for data on morbidity and mortality due to antimicrobial drug resistance. As of now, physicians in Europe are not required to report cases of multidrug-resistant bacteria to the competent authorities, making it difficult to access the social and economic impact on individuals as well as on health care systems and societies. However, a recent study has provided an overview of the overall trends in antibiotic resistance including estimates of the human and economic burden of infections due to antibiotic-resistant bacteria in the EU, Iceland and Norway. It was estimated that in 2007 approximately 25 000 patients died from an infection due to any of five selected antibiotic-resistant bacteria. In addition, these infections resulted in approximately 2.5 million extra hospital days and extra in-hospital costs of more than EUR 900 million. Furthermore, outpatient care costs were estimated at about EUR 10 million and productivity losses due to work absence were estimated at more than EUR 150 million each year. An additional EUR 450 million per year was attributed to productivity losses due to patients who died from their infection.
Overall, societal costs of infections due to the selected antibiotic-resistant bacteria were estimated at about EUR 1.5 billion each year. The report states that the presented figures are likely to correspond to an underestimate of the human and economic burden of infections owing to antibiotic-resistant bacteria due to for example; limited range of included bacteria, outpatient infections not being considered, average cost of hospital care not taking into account special patient care such as intensive care, no estimate of increased costs of infections due to antibiotic-resistant bacteria which generally require more costly antibiotics or intravenously administered antibiotics. 
Taking the current trends into account, the human and economic burden caused by antibiotic-resistant Gram-negative bacteria is likely to outweigh that of antibiotic-resistant Gram-positive bacteria such as MRSA in the future and will represent a major challenge to appropriate therapy, prevention and control.
Key stakeholders
World Health Organization (WHO), European Centre for Disease Prevention and Control (ECDC), ReAct (Action on Antibiotic Resistance), European Medicines Agency (EMEA), national disease control agencies (such as The Swedish Institute for Infectious Disease Control (SMI)) and national funding agencies. See appendix I for a preliminary inventory of the current funding of research in the antimicrobial resistance field in Europe. 
2.
Proposing GPC member/members 
Rolf Annerberg and Rolf Höijer; GPC delegates to Sweden. 
3.
Objectives
· To ensure intensive research initiatives in antimicrobial research, with clear connections and interactions between basic research, clinical research and patient needs including surveillance and prevention. 
· To promote collaborative research where data and results can be shared on a long-term basis and to advocate that priority should be given for research funding at both national, EU and global levels. 
· To establish task forces with representatives from all relevant ministries, industry, universities and health care systems at national and EU levels to deepen and maintain the dialogue between the government, the health care systems, academia, industry and relevant authorities.
· To initiate, at national, EU and global level, proactive public private programmes/partnership between academia, the health and medical care system, authorities and industry for the development of diagnostics and pharmaceuticals within the antimicrobial resistance field. This has the possibility to enhance European competitiveness in antimicrobial pharmaceutical industry. 
4.
Research questions being addressed
A. Epidemiology and surveillance of infection, treatment and resistance to antibiotics
Informatics challenges
Every day, large amounts of data are being generated on community acquired and health care related infections caused by antibiotic resistant bacteria. These data are collected and stored in numerous clinical environments. However there are still obstacles to secondary use of these data to improve quality and safety of care. The amount of routinely collected data will continue to grow and there are urgent needs for further development of information systems facilitating comparative data analysis, knowledge extraction, and trend analysis etc. In the context of this initiative the following informatics challenges need to be addressed:
· An integrated information infrastructure. Integrating proprietary and heterogeneous clinical and non-clinical databases from distributed sources will require not only standards for representation and transfer of data, but also protocols for aggregation of relevant data at international, national, and local levels.

· Improved meta-data. Any analysis of data should be able to access data characteristics concerning quality and timeliness.

· Application of methods for outbreak detection, descriptive and analytic epidemiological analyses, as well as for predictive modelling adapted to large-scale, multi-dimensional and multi-modal data. The methods need to be combined with flexible methods for visualization and evidence-based reporting of results.

· Security, privacy and confidentiality aspects need always to be addressed carefully in large-scale data analysis oriented projects.
Health economics - burden of antimicrobial resistance
Health care associated infections (HCAI) constitute a high proportion of the overall burden of disease in European societies. For better control, consistent standards for monitoring and therapy should be used. However, considering that the existing level of the HCAI and antimicrobial resistance differs within European countries and in order to contain further the spread of antimicrobial resistance and improve patient safety by prevention and control of HCAI and antimicrobial resistance, it may be appropriate to develop European standards of Infection Control. There is a lack of comparable data worldwide on outcomes resulting from HCAI, including attributable mortality, prolongation of hospital care and the economic impact on individuals and health-care systems and societies. This information is a prerequisite for estimating the burden of HCAI, and is essential to empower health system managers, policy-makers, public health specialists and health-care workers to understand, prioritise, develop and implement solutions in relation to competing health threats. To date, very few studies have provided information about the impact of costs of care for HCAI caused by a given antimicrobial-resistant pathogen in comparison to the antimicrobial-sensitive variant of the same pathogen. Furthermore, because of the wide variability of health systems in Europe, it is difficult to compare information from individual studies carried out in different countries.

· To help member states to measure the occurrence and control capabilities of HCAI and antimicrobial resistance.
· To develop and disseminate standards and indicators for national and local control capabilities of HCAI and antimicrobial resistance.
· To develop guidance for implementation and improvement of infection control practices at national and hospital levels.
· To develop training material to support the use of the guidance at the hospital level.
· To define a set of the developed indicators and include them into an internet based Geographic Information System
B. Prevention and treatment of infection
The primary aim is to reduce the need for antibiotic agents through disease prevention, alternative treatments and rapid diagnostics of pathogens and resistance patterns. 
Rapid diagnostics
For most bacterial infections, identification of the pathogen and its antibiotic susceptibility pattern require several days and by that time the patient has often already been prescribed antibiotics that might potentially be useless. This pattern of use lead to many cases of inappropriate treatment and it also strongly contributes to the emergence and spread of resistance to antibiotics by generating unnecessary selective pressures. Thus, there is a need for diagnostic methods that can give rapid and accurate information to avoid inappropriate treatment and reduce antibiotic misuse. An important aspect of this problem is the need to differentiate bacterial infections from those more commonly caused by viruses, such as common colds, sinusitis and otitis. With the diagnostic tools available today, it is difficult to distinguish between these infections, leading to an overuse of antibiotics. In addition, rapid and better diagnostic procedures to determine the cause of infection will avoid the use of broad-spectrum antibiotics in favour of narrow-spectrum that will not pose as high risk of inducing resistance. 
Furthermore, there is also a lack of methods for reliable and rapid detection of the infecting bacteria and its pattern of resistance to antibiotics. Availability of such methods would influence early treatment and facilitate the decision on which drug that would be most efficient in treating the infection and as a consequence unnecessary use would be reduced. This would also greatly facilitate the choice of treatment in critically ill patients. If successful these diagnostic tools would be predicted to be widely used and thereby be of a commercial interest for the industry.
Finding novel antimicrobial drugs and treatments

Developing and marketing of new antibiotics with novel mechanisms of action represents an essential strategy against antimicrobial resistance. However, since resistance inevitably builds over time, the economic incentive for the industry to invest in research of new antibiotics appears not to be sufficient to meet the future need. Thus, it is also of great importance to expand the choice of treatment alternatives available for health care providers by broadening our arsenal against bacterial pathogens. Future research strategies to explore include: 
· Antivirulence strategies disarm the bacteria instead of killing them
· Antimicrobial peptides

· Bacteriophages; bacteria-specific viruses that kill bacteria by the production of lytic enzymes
· Functional genomics and novel screening strategies to find new targets
· Improved tools for predicting toxicology

· Potentiators of currently used antibiotics

· Screening natural products

· Therapeutic antibodies

· Vaccines

C. The biology and dynamics of resistance development
To rationally deal with antimicrobial resistance we need to understand the underlying biology of those factors that are the most important in influencing the emergence and spread of resistant bacteria within and between humans as well as from animals and the environment. Furthermore, there is a need for conceptual and quantitative methodological tools to allow prediction of when, where and how resistance will develop when antibiotic pressures are applied.  In other words, we need to obtain molecularly based and quantitative descriptions of the emergence and spread of antibiotic resistant pathogens. To achieve such descriptions, integration of several levels of bioscience is required, including biochemistry, cell biology, population biology and microbial ecology. 
Generation of such knowledge and tools should allow us to:
· Identify and quantify most of the bacterial factors that are important for resistance development.
· Provide the experimental knowledge required to model and perform risk assessments for the development and spread of resistance in humans, animals and the environment.
· Provide the knowledge base to understand why some bacteria are especially prone to transmission and spreading around the globe while others remain locally confined. Develop diagnostic tests for bacteria with a high risk of resistance development and transmission.
· Generate knowledge of bacterial and host factors that influence the differential spread of different resistant bacterial clones. This will allow for more strategic design of therapy and prevention.
· Generate knowledge and strategies to reduce the rate of resistance of development by exploiting novel drug targets and drugs.
· Create predictive tools for development of novel antimicrobial drugs. 
5.
Added-value, benefits and impact
The increasing resistance of bacteria against antibiotics is not confined to single countries but poses a real threat to public health on a global scale. Sharing the burden to efficiently handle challenges ahead will bring benefits to all countries involved and allow for a better management and treatment of infectious disease in the future. Most research initiatives in this field are today taken at a national level. A joint EU approach has the possibility to maximise the effectiveness of the efforts with benefits for all involved. A united European approach will also aid communication and integration of resources on a global perspective in collaboration with e.g. USA, Asia and developing countries. 
An enhancement and coordination of European research efforts in this field have the opportunity to provide a considerable impact on the health and quality of life of people, to increase productivity and participation of the European workforce as well as to lower the costs of the health care sector. In addition, a European Joint Programming targeted to this area has the possibility to increase the competitiveness of Europe on a global scale in regards to both basic research and innovations. 
6.
Preliminary suggestions concerning the governance and implementation of JPI
Joint Programming on Antimicrobial resistance will focus on an integrative research strategy that combines three relevant areas:

A. epidemiology
B. prevention and treatment strategies
C. biology and dynamics of resistance 
Effective coordination of research related to Antimicrobial resistance holds great potential provided that all these areas are considered and integrated. 

A European strategy on research programming on Antimicrobial resistance will involve stakeholders from science, health care and industry. Stakeholders need to be involved at different levels in order to reach a full scope of national, European and global level possibilities in performing and funding research activities.

Implementation shall encompass five components:

1. Developing a European-wide network of research funders and policy makers that are involved in national, EU and global research programmes on Antimicrobial resistance as a good base for cooperation;

2. Establishing a good basis for support of the diverse group of stakeholders in the field of Antimicrobial resistance;

3. Elaboration of a Strategic Research Agenda for Antimicrobial resistance based on research priorities defined by the JPI on Antimicrobial resistance;

4. Developing a toolkit for improved international coordination of public and public-private funding of research based on existing and new research programmes in the member states;

5. Developing a knowledge-transfer strategy across public health organisations, science, industry, consumers and other stakeholders.

The governance of this Joint Programming Initiative will ensure efficient implementation of the initiative. The management structure will be composed of

a. management board

b. executive board 

c. scientific advisory board

d. secretariat
Management board

Any Member State or State associated to the European Framework Programme willing to participate in the JPI for Antimicrobial resistance can be represented in the management board. Each State participating can be represented by a maximum of two representatives, who should have a government mandate. 

The management board will decide on

· a shared vision of the nature of the challenge

· the objectives of the initiative

· the Strategic Research Agenda

The management board will identify the research issues, the public research instruments and the priorities for joint action, taking into account already existing national, EU and global activities. The management board will decide on the possible implementation of working groups that would function as operational units and consist of national and/or regional funding bodies from the contributing Member States.

The management board will report to the political level of the participating States, GPC and CREST on the progress on the JPI. It will also communicate with other European initiatives and programmes, e.g. IMI, EATRIS, Programme Management Committees of the Specific Programme Cooperation configuration Health and the ESFRI initiatives.  
Executive board

If more than 10 countries participate in the JPI on Antimicrobial resistance an executive board shall be established among the members of the management board. It will assist the management board in preparing meetings and proposals, allowing the management board to focus on strategic decisions. The executive board will ensure implementation of decisions and monitor follow-up of the actions. The executive board will coordinate the activities of the other administrative and governing bodies of the JPI, the foresight activities, the programme research activities (calls for proposals), the assessment of JPI impact, the training activities, the dissemination of results, etc. 
Scientific Advisory Board

The scientific advisory board will assist the management board in establishing a Strategic Research Agenda and propose scientific priorities based on societal needs and scientific evidence. 

The functions of the scientific advisory board will include

· input to the Strategic Research Agenda

· suggestions of priorities in ranking order for each research area

· strategic advice to the management board on selecting areas for joint calls

· recommendations on the implementation of the final Strategic Research Agenda

The members of the scientific advisory board shall be selected among the most pre-eminent scientists in the field. The composition of the scientific advisory board shall reflect:

· recognised leadership in relevant fields, 

· understanding of the organisational and operational setting of transnational cooperation, 

· experience in programmatic procedures and implementation of strategic research 

Secretariat

A secretariat will support the management structure and will provide professional administrative and organisational support. The functions of the secretariat will include:

· assisting the management board, executive board and scientific advisory board with the organisation of meetings and the preparation of documents and reports

· ensuring logistical coordination and communication among different bodies of the management structure and other relevant bodies

· preparing the necessary budgetary arrangements to run the management structure
Appendix I

A number of national funding agencies around Europe were consulted in order to obtain an overall picture of the current status of antibiotic resistance research. We want to stress that due to time limitations this picture is unfortunately incomplete, and thus should any major initiatives or programmes be absent from our analysis, it is simply due to these limitations. The investigated funding organisations are detailed in table A1.

The majority of the consulted organisations did not have any programme specifically dedicated to research on antibiotic resistance. However, it is important to emphasise that most of these organisations allocate considerable amounts of funding to research in this field through competitive project grants. Major initiatives specifically dedicated to the problem of antibiotic resistance were identified in the Netherlands and in the United Kingdom (see table A1). The Dutch Organisation for Health Research and Development (ZonMw) recently opened a comprehensive research programme called “Priority Medicines Antimicrobial Resistance”, which will fund basic and applied research with a total of 14.8 million Euros over a period of nine years (2009–2018). In the UK, the Medical Research Council (MRC) has launched a joint call for proposals in the area of antibiotic resistance together with Canada. In addition, a joint call with Singapore on infectious diseases is available from the same funding agency, although this is not solely dedicated to research on antimicrobial resistance. 
The problem of antimicrobial resistance is not confined to national boundaries; the increased migration in modern society enables the rapid spreading of novel pathogens. Besides, constraints on the prescription of antibiotics differ between countries, and novel antibiotics resistant microbes are more likely to evolve where there is an over-prescription of antibiotics. Hence, it is important that research projects encourage trans-national co-operations. At the European level, in the Seventh Framework Programme a number of large projects in the antimicrobial field have been funded within the thematic areas of health (see table A2). 

A comprehensive ERA-Net dedicated to genome research on pathogenic microorganisms, EuroPathoGenomics, lists antibiotic resistance as a research topic of interest and funds several relevant projects. The network is co-ordinated from Germany and involves 36 partners based in 12 EU countries and in Israel. 

	Country
	Funding Organisation
	Antibiotic Resistance Programme/Initiative 

	Belgium
	Service public de Wallonie
	No

	Finland
	Finlands Akademi
	No

	France
	French National Research Agency (ANR)
	No

	Germany
	VDI Technologizentrum GmbH
	No

	Hungary
	Nemzeti Kutatási és Technológiai Hivatal
	No

	Norway
	Norska Forskningsrådet
	No

	Portugal
	Foundation for Science and Technology
	No

	Sweden
	Swedish Research Council (SRC)

Swedish Foundation for Strategic Research (SSF)

Swedish Governmental Agency for Innovation Systems (VINNOVA)

Formas
	No

	Switzerland
	Swiss National Science Foundation
	No

	The Netherlands
	Organisation for Health Research and Development (ZonMw)
	1. Priority Medicines Antimicrobial Resistance

	United Kingdom
	Medical Research Council (MRC)
	1. Canada-UK Joint health research programme on antibiotic resistance.

2. A*STAR/MRC joint initiative to fund infectious disease research


Table A1. National funding organisations included in the investigation.

	Project Acronym
	Project Name
	EC Contribution
	Starting Date
	Duration
	Co-ordinated from

	AEROPATH
	Identification, characterisation and exploitation of novel Gram-negative drug targets.


	€ 4,591,463.00 


	1/11/2008 


	48 months 


	UK

	AntiPathoGN


	Identification and validation of novel drug targets in Gram-negative bacteria by global search: a trans-system approach


	€ 5.943.961 


	1/01/2009 


	48 months


	CAT

	ANTIRESDEV


	The effects of antibiotic administration on the emergence and persistence of antibiotic-resistant bacteria in humans and on the composition of the indigenous microbiotas at various body sites


	€ 5,368,088 


	01/11/2009 


	36 months 


	UK

	CAREPNEUMO


	Combating Antibiotics Resistant Pneumococci by Novel Strategies Based on in vivo and in vitro Host-Pathogen Interactions


	€ 2.999.999 


	01/03/2009 


	36 months 


	DE

	CONCORD


	CONtrol of COmmunity-acquired MRSA: Rationale and Development of counteractions


	€ 2.994.192 


	01/11/2008 


	36 months 


	NL

	DIVINOCELL


	Exploiting Gram-negative cell division targets in the test tube to obtain antimicrobial compounds


	€ 5.956.086 


	2009


	48 months 


	ES

	HYPERDIFF


	The Physiological Basis of Hypervirulence in Clostridium difficile: a Prerequisite for Effective Infection Control


	€ 2992181 


	1/11/2008 


	36 months 


	UK

	NABATIVI


	Novel Approaches to Bacterial Target Identification, Validation and Inhibition


	€ 5.506.000 


	1/01/2009 


	48 months 


	IT

	PAR
	Predicting antibiotic resistance


	€ 6,000,000 


	January 2010 


	36 months 


	SE

	PILGRIM


	Preventing community and nosocomial spread and Infection with MRSA ST 398 - instruments for accelerated control and integrated risk management of antimicrobial resistance


	€ 2,993,728 


	01/01/2009 


	36 months 


	UK

	PNEUMOPATH


	A comprehensive dissection of pneumococcal-host interactions


	€ 2.999.843 


	1/01/2009 


	36 months 


	UK

	SATURN
	Impact of Specific Antibiotic Therapies on the prevalence of hUman host ResistaNt bacteria


	€ 5,999,436 


	01/01/2010 


	60 months 


	CH

	SYBARIS 


	Finding biomarkers of anti-microbial drug resistance via a systems biology analysis of fungal pathogen interactions with the human immune system


	€ 4,291,161 


	2010
	36 months 


	UK

	TEMPOtest


	An Integrated Tool-Kit for the Clinical Evaluation of Microbial Detection and Antibiotic Susceptibility Point-of-Care Testing Technologies


	€ 3.064.573 


	18/01/2010 


	36 months 


	NL

	TROCAR
	Translation Research On Combating Antimicrobial Resistance


	€ 2,999.445 


	02/01/2008 


	36 months 


	ES


Table A2. List of current FP7 projects in the field of anti-microbial drug resistance.
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