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Executive summary

Our discussion focused largely on the modeling challenges presented by specific diseases responsible for the largest burden of disease in Africa.  These diseases included the “big three” – HIV, malaria, and tuberculosis.  We extended this discussion to features of disease transmission that might direct research themes in mathematical modeling of disease in Africa, including issues of drug resistant disease, extensive co-morbidities, and malnutrition.  We also discussed diseases, including HPV and HSV2, of particular concern in the presence of high prevalence of HIV, and modeling in process-optimization contexts, such as optimal distribution of limited medicines.  Last, we discussed both specific ideas for problems that could benefit from exploration with mathematical models, and the need for wider access to mathematical modeling techniques throughout Africa.

Detailed summary
Our discussion began with a general discussion of HIV, malaria, and TB.  While there was discussion later on about the role modeling might play in helping determine when to start HAART when CD4 counts are not available, we also generally agreed that there was probably adequate effort being invested in HIV models.  At the same time, we felt that more modeling effort should be spent on malaria and TB, both of which have extremely high burdens of diseases in Africa, both on their own and in combination with HIV.

The emergence and control of drug resistance is a key issue for both malaria and TB.  We discussed XDR-TB briefly, suggesting that modeling exercises could be useful in planning a public health response to this newly emerging disease.  Such a response might require quarantine, and modeling might contribute by estimating the impact of such a strategy.  Modeling should also account for regional differences in control strategies for tuberculosis and how interaction and turbulence among these strategies may lead to resistance.
We discussed measles, a disease which has a substantial burden in Africa; our public health strategies for measles control are largely based on fifty year old data from the UK.  Are these strategies applicable to modern Africa?  This led into a discussion of the key challenges of modeling in Africa; among them extensive co-morbidities, limited transportation (such that health care workers may have difficulty distributing drugs or vaccines; the example of HCWs using scooters in Zambia was raised).  In addition we discussed issues of malnutrition, prevalence of military and social conflict, lack of education, water systems, climate, and culture and traditions; all of these factors, and more, should be considered by modelers – and indeed all public health practitioners – when performing research in Africa.

We noted that modelers could make a substantial contribution by widening their focus beyond disease transmission dynamics, to encompass public health practice and delivery.  For instance, modelers could model public health processes, such as data collection procedures or medicine distribution, to help predict the impact of intervention programs.  Likewise, modeling expertise could help establish systems for monitoring and evaluation of public health programs, and in assessing performance of laboratory tests or proxy models for laboratory tests.  On a related note, we felt that modelers can also contribute to public health efforts by paying attention to the operationalization of interventions; for instance, a model of vaccine impact in Africa might also consider cultural resistance to vaccine rollout; problems in transportation of vaccine to rural areas; cost issues; and behavioral disinhibition.  Likewise, public health in Africa is often faced with questions of trading off better coverage with less optimal treatments, compared with using optimal treatments in less extensive populations; making these comparisons in a principled, quantitative way is an area where modelers can contribute substantially.
One point that came up again and again was this:  Africa is not a country.  That is to say: models that treat Africa as homogenous are potentially misleading.  This is a solvable problem, but requires that local data from Africa inform our modeling efforts.  Local social networks and population structures are important to modeling; local data changes rapidly, and so constant communication is necessary to create useful models and policy.
As importantly, when modeling is informed by local data and perspectives, the credibility of the model results will be higher with local policy makers.  This credibility must be key for public health modelers, because given the extraordinary challenges facing Africa, it would be shame if model-based public health recommendations were rejected, not on scientific grounds, but for a lack of credibility.  At the same time, modeling which is informed by local perspectives will be more likely to produce practical and applicable results, on a shorter time scale.  We can help our own credibility as modelers by making it explicit when we are modeling as an academic exercise, and when we’re modeling to answer applied and practical public health questions; this will help avoid the issue of “model fatigue”, where people in the public health community decide that models as a class are not useful exercises, and are therefore more prone to rejecting out of hand highly applied models that could help them immensely.
We conclude by observing that distributed problems – like the health problems of Africa – require distributed problem solving.  Many of the goals we have outlined here may be achieved, in part, by ensuring that the ability to model is widely distributed – by helping to ensure that mathematical modeling is unexceptional tool in the public health toolkit.  We want all public health practitioners to recognize the dynamic processes – like transmission modeling – where mathematical modeling can make a contribution to knowledge.  Therefore, we must consider education (and indeed, evangelism) an important part of the modeling world, and an important responsibility of modelers working to solve the problems of infectious diseases which impose a particular burden on Africa.

