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Introduction

Antimicrobial resistance (AMR) is an increasing problem worldwide, impacting infection control efforts and costs of antimicrobial treatment (I-AMR). Numerous factors contribute to the problem, including unnecessary antimicrobial prescribing by trained and untrained health workers, uncontrolled dispensing by drug vendors, poor antibiotic prophylaxis in surgery (H-AMR), and poor infection control practices (H-AMR).

Global attention to AMR problems has been low (I-AMR), and designing evidence-based AMR policies difficult. Standard methodologies that relate AMR to specific patterns of antibiotic use are lacking (I-AMR). So far, unfocused approaches like implementation of essential medicines policies or dissemination of antimicrobial treatment guidelines have had little measurable impact on AMR, especially since many determinants of antimicrobial use have not been adequately addressed (H-AMR).  A complicating factor is that data on AMR are scarce. Currently, AMR surveillance is based primarily on hospital data, which does not adequately reflect antibiotic use or patterns of resistance in other health sectors (M-AMR2).  Community data, especially in the private sector, have been very difficult to obtain (P-AMR), nevertheless community-based surveillance is possible in resource-poor settings (M-AMR2).

WHO has prepared a global strategy to contain AMR, but few countries have started to implement it (M-AMR1). To design appropriate national and institutional policies, there is an urgent need to initiate AMR surveillance and link AMR to antibiotic prescribing and use. 

There is clear evidence that antibiotic use can be improved. For example, behaviour change approaches have been shown to result in more appropriate use and cost savings (M-AMR2), and the development of treatment guidelines using local evidence, utilization review with feedback of data to prescribers, and interactive training approaches have shown promising results (M-AMR2). Appropriate antibiotic prophylaxis in surgery has been shown to reduce infection rates, and may even decrease AMR rates (H-AMR).  

Controlling AMR will require multi-disciplinary approaches (I-AMR), and collaboration between microbiology departments and those responsible for pharmaceutical management will have to be strengthened (M-AMR1). 

Policy and programme recommendations 

Effectively addressing AMR will require a number of steps at national and institutional levels. These include the following recommendations:

· All countries should articulate a coordinated AMR strategy using an interdisciplinary national task force. Planning, training, and monitoring are of key importance (H-AMR). Targeted and evidence-based interventions should be implemented, encouraging local ownership and involvement of opinion leaders (H-AMR). Self-audit and feedback of data through formal organisations should be promoted (P-AMR). Monitoring and feedback of prescription and AMR data should be used to identify problem areas and determine which interventions to implement (H-AMR). Interventions must be directly relevant to programme implementation, rather than producing only scientific evidence (C-AMRC). Sustainability of interventions is of key importance in improving antibiotic use (N-AMR).  Routine AMR and antimicrobial use surveillance programs, built into health care systems, would allow for routine monitoring of AMR strategy interventions.   

· Data from routine health information systems are of key importance in an AMR containment strategy (M-AMR1). AMR interventions should be based on AMR surveillance data (P-AMR)(N-AMR), and surveillance programs for AMR and antimicrobial use should be established at the community level (P-AMR), supported to collect and use longitudinal data.

· Hospital infection control practices should be improved, including improved hand hygiene and reducing the unnecessary use of invasive devices (H-AMR). Evidence-based protocols are recommended for perioperative surgical prophylaxis in all hospitals (H-AMR). Drug and therapeutics committees can be a vehicle to improve antimicrobial use practices (I-AMR).

· The private sector, where large numbers of antimicrobials are prescribed and dispensed, should be a special focus of AMR reduction strategies. Lessons may be learned about influencing private sector practices from the social marketing techniques of the pharmaceutical industry (C-AMRC).

· Education about AMR should cover a broad spectrum of audiences. Including modules about AMR in undergraduate and postgraduate curricula (I-AMR), developing school-based educational programs (C-AMRC), and engaging community organisations in consumer education about AMR can help to improve knowledge of key constituencies. Health workers should be trained to critically evaluate pharmaceutical promotional literature (P-AMR).

· AMR is likely to be reduced by improved choice and duration of antimicrobial use (N-CH). Short-course antibiotic therapy for high volume conditions, e.g. pneumonia, may be clinically effective and reduce antibiotic pressure (I-CH).

· As AMR is not confined to national borders, it is crucial to share information and strategies at regional level (H-AMR).

Key research recommendations

Key questions to be addressed in further understanding the emergence and control of AMR are as follows:

· What is the nature and magnitude of antibiotic use and AMR in community and institutional settings (P-AMR), and what factors determine antibiotic use (H-AMR)? Social science research techniques are indispensable, including research on drug sellers, unregistered pharmacies, and informal health practitioners. Important research topics include the optimum duration of antimicrobial use for high volume disease conditions (I-AMR).

· How are antimicrobials used in veterinary practice and other non-human applications, how can non-human use be measured, and what strategies should contain non-human antimicrobial use (I-AMR)?

· What is the burden of disease due to AMR and how should it be measured?

· Can near-patient, rapid diagnostic tests be developed to improve use of antimicrobials?

· What is the impact of improved use of antimicrobials and antimalarials on mortality (H-AMR)?  Studies are needed on the impact of interventions to reduce AMR (especially in malaria, HIV and high volume disease conditions) (I-CH). More study is needed on the relationship between knowledge change and behaviour change (C-AMRC). Cost-effectiveness studies are needed to decide which interventions give the best value for money in controlling AMR (I-AMR).

· Can sustainable surveillance systems in communities be developed, and which indicators can be defined to monitor surveillance system and other intervention effects (N-AMR)?

· How can regulations on antimicrobial use and marketing can be enforced in low-income countries (C-AMR)?

· Which intervention approaches can be scaled up from controlled settings to wider implementation, and how best can this be done (H-AMR, P-AMR)?




