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I. Goal: The purpose of the VMR3 conference project was to assess current knowledge of vivax malaria and prioritize the critical needs for development of effective prophylactic and curative therapies. The conference brought together an interest group representing the broad global and regional aspects of vivax malaria to provide an important venue to evaluate the status of the field and identify the priorities for research.  The conference report summarizes the consensus of the conference’s discussions and conclusions as a guide for allocation of resources to prevent vivax malaria.

II. Objectives & Results: VMR3 discussions were organized into four topics to represent the broad subject areas relevant to vivax malaria research.

Summary.  
· The most critical need is to develop the basic technologies and standardized methods required to effectively conduct P. vivax research.  Most important are development of robust in vitro cultures systems for blood-stage and liver stage P. vivax, followed effective use of animal models, creation of mathematical models, and application modern analytical tools (e.g., ‘omics’).
· Radical cure of P. vivax will require drugs that can kill the dormant liver parasites (hypnozoite). It is essential to improve our understanding of the hypnozoite and other unique biological processes of P. vivax.  Diagnostic assays are needed to detect hypnozoite carriers and can discriminate between a relapse and recruscent infection.  
· Development of effective community-based prevention measures will require a better understanding of the ecological diversity in host-vector, host-parasite and cross parasite species interactions.
· Capacity building to develop shared scientific resources (e.g., MR4), human resources among regional associations, health ministries, and elimination groups is needed to increase efficient use of limited resources, share knowledge and enhance training.
· Improve advocacy for vivax malaria control and elimination through promoting regular vivax malaria conferences, raise awareness within public health and funding agencies, and improve funding base support.

1.	Epidemiology, vectors, environmental control.  Objective: what community based intervention programs will work best to disrupt transmission of vivax malaria.  
Summary.  There is a consensus that: 1) we have a poor understanding of vivax malaria epidemiology, especially the biology of vectors important in maintaining P. vivax transmission; 2) the natural nidality of disease is more complex and variable than for P. falciparum in Africa; and 3) our ability to study P. vivax and its vectors is inadequate.
a. The need to improve understanding of P. vivax vector biology is necessary in order to design focal intervention strategies that to be effective need to be optimized for the distinct ecological conditions for each vivax malaria endemic locale.  
i. It is not known if existing tools developed to control P. falciparum in Africa, such as widespread ITNs & IRS, will be effective for controlling P. vivax transmission.
ii. Major unknowns for vectors in vivax malaria include and need research includes: what are major vectors in areas of focal transmission; biting and breeding behavior of major vectors; vector competence; vector longevity; vector dispersal patterns, insecticide resistance in P. vivaxi vectors.
b. Better diagnostic tools and resources are needed for epidemiologic/vector research. 
i. Develop standardized DNA tests and make available reference reagents.
1. DNA-based assays to detect all parasite strains and potential vectors; include PCR primers, control DNAs and markers of important phenotypes (drug/insecticide resistance, relapse).
2. Develop immunologic reference reagents, including the sporozoite ELISA and include all Plasmodium infecting humans.
3. Need replacement for human landing catches.
ii. Create high throughput diagnostics for all mapping data
iii. Provide informatic resources to capture data at all levels for mapping.
c. Improve vector control strategies & training.
i. Need to integrate vector control approaches in malaria public health training.
1. District level training for malaria control managers who know how to use local data for decision making.
2. Development integrated project management of focal control strategies to use understanding of local host genetics, vectors, transmission patterns, public health pesticides, spatial repellants, biological controls, environmental management, personal protection and monitoring methods.
ii. Establish laboratory colonies of P. vivax vectors.
iii. Engage computer modelers to refine vivax malaria transmission prediction, risk factors, potential intervention impact, cost effectiveness.

2.	Diagnosis, clinical management, pathogenesis.  Objective: what clinical protocols are most effective for prevention of severe clinical vivax malaria and deaths? 
Summary.  There is a consensus for: 1) an urgent need to improve existing and develop new rapid diagnostic tests (RDT) for G6PD deficiency for point of care and field use; 2) development RDT that can detect very low level blood-stage infections, identify hypnozoite carriers, and can discriminate recrudescence from relapse infections; and 3) a good clinical case definition of severe P. vivax for early diagnosis and appropriate treatment.
a. Improve existing and develop new RDT for G6PD deficiency for field use.
b. Create international standards for P. vivax in vitro diagnostic tests similar to other diseases (e.g., HepB, swine flu)
a. It is critical to have a point of care RDT for vivax malaria for rapid evaluation of P. vivax infected individuals in health care centers and in hospital.   
i. A RDT must be at least as sensitive as to the best microscopy of a blood smear, specific, easy to perform and inexpensive.   
ii. Available RDT need to be evaluated in a field setting in areas of high to low endemicity and where co-infections are common and not.
iii. Ideal assays will detect low level ‘reservoir’ infections (e.g., <100 parasites microliter), which can undermine late stage elimination, identify hypnozoite carriers, and discriminate recrudescence from relapse infection.
b. Develop diagnostic assays for surveys to monitor & evaluate control efforts.   
i. Need to standardize PCR tests.
ii. Detect any Plasmodium infection of humans.
iii. Identify drug resistant and virulent parasites.
iv. Evaluate deployment strategies for centralized versus regional centers and how to implement these assays in control programs.
c. Management should focus on prevention of severe disease.
a. Health care professionals in endemic areas should be trained in the early diagnosis and management of P. vivax infection within national treatment guidelines, including pubic and private facilities. 
b. Determine best ACT treatment.
i. Quantitate the short and medium term benefits of secondary prophylactic effects on P. vivax morbidity.
ii. PK/PD studies to determine optimal dosing of ACT for uncomplicated disease and artesunate therapy for severe disease in infancy and pregnancy.
iii. Develop better chemoprophylaxis regimens to prevent malaria in pregnancy (including ITPp) and in infancy (including ITPi) for residents residing in endemic countries, especially in areas where P. vivax is present or the dominant malaria species and where CQ resistant P. vivax occurs.
c. Patients treated with any P. vivax infection should be treated with primaquine irrespective of local P. vivax transmission intensity.   
i. Develop new and shorter treatment regimes with primaquine when duration of treatment may not be directly observed.
ii. More research on appropriate dosing and safety of Tafenoquine, especially for G6PD deficient individuals.
d. Develop better chemoprophylaxis regimens to prevent malaria in pregnancy and in infancy for residents residing in areas where P. vivax is endemic and where CQ resistant P. vivax occurs.
e. Development of safe and readily available blood supply is essential for treatment of malaria anemia.
d. Determine the basis of P. vivax pathogenesis and morbidity.
a. Develop a good clinical case definition of severe P. vivax malaria to standardize treatment, ascertain the spectrum of disease and compare pathogenesis among endemic regions.
b. Evaluate variables that may contribute to disease virulence.
i. What are the roles of parasite and host genetic differences that affect susceptibility to infection and disease outcomes?
ii. What is the molecular basis of the greater pro-inflammatory response in P. vivax infections and what are its co-regulators?
iii. What is the impact of Plasmodium species co-infections.

3.	Immunity, preclinical discovery, vaccine development.  Objective: what vaccine(s) will be the most effective? 
Summary.  The current discovery/development pipeline is almost empty for P. vivax vaccines and the consensus to fix this dire situation recommends: 1) robust in vitro culture systems to identify, evaluate and assess vaccines; 2) an improved understanding of parasite biology, especially its unique metabolic processes; and 3) establishment of pre-erythrocytic and blood-stage challenge models, including use of existing primate systems of malaria parasites closely related to P. vivax.
a. Progress towards discovery and development of vaccines needed for vivax malaria elimination requires robust non-human experimental systems.
a. In vitro culture of blood and liver stages is needed for all aspects of research.
i. Improve understanding of parasite biology especially the hypnozoite, isolate clones representative of parasite genetic and phenotypic diversity, develop critical reagents, and produce materials for experimental studies.
ii. Develop standardized assays to measure growth inhibition of each stage of parasite development.
iii. In vitro gametocytes are needed to infect lab-reared mosquitoes for transmission blocking assays and to produce infectious sporozoites for in vitro liver stage studies and clinical trials.
b. Support in vivo primate models using Plasmodium closely related to P. vivax.  
i. In vivo models can support all above items (A.a.i -  iii).
ii. Primate challenge models to evaluate predictive nature of effector mechanisms (antibodies, Tc, cytokines) and for go-no go decisions.
b. Development of a comprehensive P. vivax vaccine program is urgently needed.
a. A high priority is a validated mathematical model complete with refined target product profiles.
b. Target antigen discovery projects are needed to understand antigen function and define steps/milestones necessary determine antigens as targets.
c. Correlates of protection are needed to define what is required in  and how to evaluate a vaccine to achieve protective efficacy under different endemic conditions.
d. Develop pre-erythrocytic and blood stage challenge models.
e. Promote early transition of P. falciparum vaccines to testing in P. vivax co-endemic areas to evaluate impact on overall disease incidence.


4.	Drugs, resistance, target, development.  Objective: what should be the next generation of anti-malarial Drugs? 
Summary.  There is a consensus that: 1) current anti-relapse drugs, primaquine (Pq) & Tafenoquine (Tq), need to optimized for greatest overall efficacy and fully deployed; 2) development of a new treatment to prevent relapse, its implementation and optimization, is essential for a global elimination program to be successful; and 3) new tools are needed to study P. vivax, especially the relapse, and support drug discovery/development.
a. Effective use of existing and development of new anti-relapse drugs is critical for successful elimination of P. vivax in most endemic settings.
a. Pq/Tq need to be optimized for full deployment. 
i. Critical factors that are needed include determining optimal dosing regiments, drug partner combinations, dosing special populations (children, G6PD deficiency), alternative routes of administration, and drug interactions.
ii. Improve safety of Pq/Tq by developing a point care RDT for G6PD deficiency.
iii. Develop an in vivo model of G6PD deficiency to support continued drug development of new 8-aminoquuinilone derivatives.
b. An in vitro liver stage assay is essential for discovery and development of new anti-relapse drugs.
i. Continuous in vitro blood stage is needed to support liver stage culture, challenge models, and drug screening.
ii. In vivo assays in primate systems should be used to support anti-relapse drug development.
b. The current portfolio for novel schizontocidal drugs is not a specific issue, although most drugs are not well tested against blood-stage P. vivax.
a. Appropriate ACT combinations with Pq/Tq need to be evaluated.
b. Evaluation of anti-P. vivax schizontical and gametocidal activity should be included in development plans for all new anti-malarials.
c. Activities are needed to enable, inform and define Target Product Profile for drug development.
a. A consensus design is needed for anti-relapse efficacy studies.
i. Requires an understanding of differences in relapse periodicity; this includes identifying the basis of relapse, defining strain/regional differences in relapse, and develop diagnostic tools to differentiate relapse from recrudescence.
ii. High throughput diagnostic assays are needed to identify reservoirs of transmission, including detection of hypnozoite carriers.
b. Identify and monitor mechanisms of emerging drug resistance in P. vivax should be determined and distribution of diagnostics assays should be supported.
c. Developing a plan for long-term pharmacovigilance.
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