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How Can We Predict, Prevent and Pay for the Next Pandemic?**
Peter Daszak, Ph.D.
President, EcoHealth Alliance
Summary
The emergence of novel pandemics causes substantial mortality, morbidity, and economic loss. Recent analyses show that disease emergence is linked closely to human activity such as deforestation, agricultural intensification, and other forms of rapid economic development.  Predictive models show that diseases emerge from emerging infectious disease (EID) “hotspots” in the tropics, and that they gravitate to richer countries via the global network of travel and trade.  Dealing with this threat will require: (i) a “Smart Surveillance” strategy that uses predictive modeling to target hotspots for pathogen identification, together with programs that alter high-risk behaviors, and (ii) a way to levy payments to insure against pandemic emergence.  This payment system will most likely need to be a form of insurance program, the cost of which would most likely be borne by the private sector or government agencies that engage in the activities that drive disease emergence in hotspot countries.
Current realities
New pandemics have emerged repeatedly in the last few decades, causing substantial mortality, morbidity, and economic loss.  Most pandemics are caused by pathogens that “spill over” from their wildlife hosts (e.g., severe acute respiratory syndrome [SARS]), that evolve resistance to antibiotics (e.g., extremely drug-resistant tuberculosis [XDR TB]), that are carried to new regions with their vectors (e.g., West Nile virus), or that emerge from intensive agriculture and global food delivery networks (e.g., H1N1 and H5N1 influenzas).  Even diseases that do not cause significant mortality can cause substantial economic damage through disruption of trade networks (e.g., a decline in travel to Southeast Asia during the 2002–2003 SARS outbreak) or through public response to the negative publicity surrounding a new pathogen (e.g., the decline in pork consumption during the 2009 “swine flu” influenza pandemic [PDM 2009 H1N1]) (Brahmbhatt, 2005). 

Analysis of all disease emergence events for the past six decades reveals a number of predictable patterns (Jones et al., 2008): (i) disease emergence is strongly linked to human societal activity on the planet, such as land use change, intensification of agriculture, and other forms of economic development; (ii) the number of new emerging diseases is increasing annually, even after correcting for increased surveillance; and (iii) diseases with the most potential to become pandemic emerge from regions in the tropics with high biodiversity and intense human activity.  
Using this information, we can map the regions on the planet most likely to propagate the next emerging disease.  These EID hotspots are the major sources of new pathogens with pandemic potential.  However, due to intensely interconnected patterns of global travel and trade, pathogens are able to spread rapidly and threaten lives and economies globally.  In fact, emerging pandemics will rapidly gravitate to richer economies with higher levels of trade and air travel (see figure 1). 
Social and/or economic opportunities and challenges
There are two unique opportunities to deal with the pandemic threat in our generation.  First, the understanding of the process of disease emergence has developed rapidly so that we can predict the regions on the planet most likely to be the origin of a new disease and the populations most likely to be affected.  Second, new methods for pathogen discovery make it possible to identify a substantial proportion of the unknown pathogens harbored by animal hosts before they emerge in people.
However, progress in developing a global strategy to deal with new EIDs is hampered by a lack of international capacity, even following the development of the International Health Regulations (IHR) (i.e., global rules that bind 194 countries to assist the international community in the prevention of, and response to, acute public health risks).  National surveillance infrastructure in the less-wealthy countries where diseases often first emerge is usually less well funded compared to the more-wealthy countries that often bear a greater economic impact from emerging pandemics.  Trade in animals and their products is poorly regulated for the spread of novel emerging pathogens, despite the World Organisation for Animal Health (OIE) regulations for known agents.  Finally, there is a significant urgency to develop a global program to deal with the pandemic threat.  Our analysis of the economic costs of pandemics suggests that, given a continued rise in the annual number of new diseases, there is a window of between 3 and 34 years to address the threat before it becomes too costly.
Disease emergence is therefore a classic tragedy of the commons dilemma, whereby emergence in one country (often a less-wealthy country) can have the highest impacts on another country once a pathogen enters the globalized travel and trade network.  A global strategy to deal with such EIDs will be costly and there is significant uncertainty around who should pay for this and how much it will cost.  
One opportunity for predicting and identifying the next emerging zoonosis is a “Smart Surveillance” strategy that uses predictive models to identify hotspots where zoonoses will most likely emerge.  Given finite global resources for surveillance, it follows that they could be targeted to these EID hotspots to maximize the opportunity for identifying a new EID.  Because zoonoses are responsible for the majority of recent pandemics, targeting surveillance to humans, wildlife, and livestock at high-risk interfaces in these regions would be optimal (e.g., livestock farms in regions with high biodiversity). This is, intrinsically, a “One Health” approach.
However, preventing the next pandemic will require addressing the underlying drivers of disease emergence and will be economically, socially, and culturally challenging.  Firstly, behaviors associated with a high risk of disease emergence, within EID hotspot regions, would need to be modified to reduce pandemic risk.  This will be culturally and socially challenging.  For example, providing alternatives to the trade in wildlife for food in parts of Southeast Asia might involve educating consumers about the relative risk of disease emergence from among wildlife, farm-raised wildlife, or domestic species.  Secondly, large projects involving road building, deforestation, and dam building, as well as such economic activities as the trade in livestock and the development of intensive farms, all involve a risk of propagating a new pandemic.  Efforts to deal with this risk will be economically challenging because they are likely to reduce profit (e.g., increasing surveillance for influenzas in pig and poultry farms requires funds to collect and test samples).  Such efforts also present us with two opposing agendas for economic development and public health: The activities that drive emerging diseases (and result in economic loss due to disease emergence) are often critical in the economic development of the less-wealthy countries where EIDs originate.  
Policy issues
Recent advances have shown that emerging diseases: (i) emerge with increasing frequency; (ii) originate in mainly tropical regions, with high wildlife biodiversity and growing human populations; (iii) are causing increasing economic impact; and (iv) once they are in the human population, rapidly gravitate to those countries with the most active travel and trade networks (e.g., countries in North America, Europe, Australia, and other high-GDP countries).  The critical policy needs to develop are the following, which are particularly aligned to the Actionable Next Steps that have emerged from the ISGP conferences concerning “One Health” and “Information Sharing”:
· A coordinated global early warning system for EIDs that uses predictive modeling to allocate resources for surveillance to the regions most likely to propagate new pandemics (EID hotspots).  Because emerging pandemics tend to cross the human-wildlife-livestock continuum, this links directly to the “One Health” Actionable Next Steps that emerged from ISGP conferences, in particular the coordination of surveillance and control across agencies. Disparate predictive modeling efforts could be coordinated by the World Health Organization (WHO)-OIE-Food and Agriculture Organization (FAO) tripartite to directly inform the regions where tripartite One Health programs are most needed.  The programs proposed here should directly target surveillance of people, livestock, and wildlife at high-risk interfaces within hotspots (e.g., in and around livestock farms or extractive operations in rapidly developing, high-biodiversity countries).  As proposed in the “One Health” Actionable Next Steps, this may involve partnerships among private institutions conducting predictive modeling and public institutions conducting surveillance.  This effort is also aligned with “Information Sharing” Actionable Next Steps, in that the predictive modeling requires open access to data.  
· A commitment to deal with the underlying causes of pandemics by engaging a wider range of intergovernmental agencies, spanning the arenas of One Health, international development, conservation and trade.  The underlying drivers of emerging diseases include trade in wildlife and livestock, international travel, logging, and other extractive industries, as well as road-building, dam-building, and other development activities.  The goal would be to deal with these underlying causes in a way that does not undermine their value to less-affluent countries. One workable solution might be for World Bank-funded development projects to be required to assess the risk of a novel EID as part of a Health Impact Assessment.  Measures to deal with the risk could then be put in place as part of the funding for these projects.  For example, infrastructure development projects (e.g., roads, mines, dams) in remote hotspot regions might be encouraged to provide a robust supply of safe food as an alternative to bushmeat hunting.  This approach would involve engaging the United Nations Development Programme (UNDP), the International Union for Conservation of Nature (IUCN), and national agencies for international development (e.g., the United States Agency for International Development [USAID], the Australian Government Overseas Aid Program [AusAID]).
· More accurate assessments of the cost of an EID and strategies to insure against it.   The cost of an emerging disease involves direct impacts on society, including mortality,  morbidity, and the breakdown of social functioning.  However, the cost of an EID often also involves other externalities that have rarely been assessed, such as the reduction in travel and trade because of the fear of future disease spread (e.g., the reduction of travel during the PDM 2009 H1N1 outbreak) or impacts on ecosystems (e.g., loss of ecosystem services due to introduced zoonoses that affect wildlife).  Assessing the causes of and the economic damages due to EIDs would allow allocation of payment to deal with them.  Approaches could include levying a tax on activities known to drive disease emergence. This could be an insurance approach, whereby a local government levies a fee on the private sector involved in these activities (e.g., livestock trade, road building, mining activities), or a direct payment approach wherein the cost is paid directly by governments or intergovernmental agencies.  However, if the impact of pandemics is principally on countries distant to the origins of the pandemic and the location of these risky activities, it could be argued that these distant countries should also pay some form of insurance.   An alternative approach would be an openly traded “EcoHealth” credit akin to the carbon credit trading approach proposed to reduce climate change.
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Figure 1. A map of global vulnerability to emerging diseases.  Image courtesy of Dr. Parviez Hosseini, senior research scientist, EcoHealth Alliance.
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Note. This map is based on analyses in Jones et al. (2008) which show that global human activity and biodiversity are the key drivers of novel disease emergence.  This map incorporates measures of global travel and trade, and countries’ abilities to deal with early outbreaks and prevent them.  The darker areas represent countries where diseases will most readily emerge and spread globally into the U.S.  
** A policy position paper prepared for presentation at the conference on Emerging and Persistent Infectious Diseases (EPID): Focus on the Societal and Economic Context, convened by the 
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