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Future Earth’s Top Ten Challenges for One Health 

 
 
Much of the attention of public health and environmental efforts is focused on 
responding to and limiting impacts once they occur. A One Health approach has shown 
high utility in providing a more comprehensive understanding of the ecological and 
epidemiological dynamics that shape disease risks. In addition to directly informing 
disease prevention and control strategies, it can also help examine threats and 
opportunities on the horizons and broaden our technical, policy and wider societal 
capacity to proactively address them.  
 
Future Earth’s oneHEALTH Global Research Project conducts an annual horizon scan 
review of hot topics for One Health that will profoundly change the future of health on 
the planet. These are targeted at topics deemed to have serious potential implications 
for health, have been under-emphasized or are emerging issues, and can benefit from 
new thinking informed by a One Health perspective. Horizon scanning offers an exciting 
application for One Health to provide pathways for researchers and policy makers to 
better anticipate risks and mitigate negative outcomes for society and maximize 
progress toward sustainable development. 
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Big data, artificial intelligence and monitoring earth systems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Over the next five years, it is anticipated that the way data is collected, manipulated, 
and interpreted will fundamentally change the way the earth’s natural systems—in the very 
broadest sense—will be monitored1.  This seismic shift is being led and funded by large 
organizations such as Microsoft2, Google3, Amazon, and the geographic information systems 
software company, Esri. However, other players contributing to this effort include a range of 
NGOs, governments, and academia. The outcome of this combined effort has been described as 
an artificial intelligence (AI) platform for the planet with applications ranging from monitoring 
land use change to detecting disease pathogens. The argument has been clearly made that time 
is short to mitigate and adapt to civilization challenges including climate change and sustainably 
feeding a rapidly growing human population. This all needs to be achieved without taking 
actions that may lead to unintended consequences such as a catastrophic loss of biodiversity. 
The possibility to combine data from a wide range of applications and domains changes how 
problems can be framed and how potential solution pathways can be identified and applied. 
Bringing a vast range of players to the table to ensure that Earth applications are trustworthy, 
transparent, and fair is likely to lead to a very robust and powerful global capacity to improve 
monitoring of earth systems with subsequent improvements in decision making and long-term 
policy development. In essence, the aim is to deploy the best evolving technology for the 
stewardship and health of the planet. With specific reference to emerging infectious diseases, 
the capacity can be a major contributor to better detecting novel potential pathogens and 
better understanding the importance of a range of drivers at relevant spatial and time scales. 
These technologies could complement the Global Virome Project which is about to take off as a 
pilot across the globe. Combining data from the GVP with other sources of earth systems data 
using AI could magnify the benefits of this work exponentially. 
                                                
1 Joppa, L. N. (2017). "The case for technology investments in the environment." Nature 
552(7685): 325-328. 
2 Microsoft. AI for Earth. 2018. https://www.microsoft.com/en-us/aiforearth. (Accessed 15 June 
2018) 
3 Google. Google Earth Outreach. 2018. https://www.google.com/earth/outreach/index.html. 
(Accessed 15 June 2018) 
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The Scientific and Economic Rationale for the Global Virome Project 
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The Global Virome Project (GVP) represents a general trend in pathogen discovery whereby 
rapid, cheap sequencing coupled with better understanding of wildlife-host disease ecology is 
leading to a revolution in viral discovery. The GVP’s goals are to discover over 70% of the 
currently unknown viral diversity in mammals and water birds that normally harbor viruses of 
potential to cause disease in people. Estimates4 put the background unknown viral diversity of 
zoonotic potential at over 1.6 million, so that if the GVP is successful, within around a decade, 
databases of viral sequences will expand by 4 orders of magnitude. This will revolutionize our 
ability to understand risk of emerging diseases, predict where and when pathogens could 
emerge, and design new mitigation strategies, including avoidance behaviors, vaccines and 
drugs. The background ecological and anthropological data collected by the GVP and other 
projects will contribute to our knowledge of wildlife biodiversity and distribution, with potential 
positive conservation benefits. However, the potential of data-rich future of viral discovery for 
public health will only be realized if we are better able to understand (from a viral sequence), 
the potential for viruses to spillover and become pandemic – allowing us to target mitigation 
measures to the highest risk pathogens5. This will require deep collaboration among lab-based 
virologists working on binding assays, humanized mouse assays, and other tools, with 
bioinformaticists, ecologists, evolutionary biologists and mathematical modelers. To do this, 
agencies which normally fund each field separately will need to collaborate around big science – 
big virology goals. 
  
                                                

4Anthony S. J. et al. A strategy to estimate unknown viral diversity in mammals. mBio 4, e00598-
13. (2013). 
5 Carroll D et al. The Global Virome Project. Science 359:6378 (2018). 
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Mitigating the underlying drivers of EIDs 
 

 
 
The emergence of new infectious diseases (EIDs) is almost entirely due to anthropogenic drivers, 
including socioeconomic changes (e.g. increased travel and trade, population displacement) and 
environmental changes (e.g. land use change). Our current strategies to deal with them as a 
major public health threat rely on vaccines, drugs and behavioral intervention after they 
emerge. This has led to a series of large scale outbreaks causing high mortality, morbidity and 
significant economic shocks (e.g. the West African Ebola virus outbreak) leading to mobilization 
of significant resources in response. Analysis of global trends in EIDs suggest that they are 
increasing in a non-linear manner, after correcting for our increased surveillance and reporting, 
and that their economic impact is increasing exponentially6. Thus, new strategies to deal with 
their underlying drivers would be more cost effective as a strategy do combat this rise in 
pandemic risk. Estimates suggest that One Health approaches including farm biosecurity would 
provide a 10:1 return on investment if successful7, and the ROI for the Global Virome Project, if 
it can reduce human cases of infection or the number of outbreaks by 10%, would be 
100:1. Dealing with the underlying drivers of disease emergence will be challenging because: 1) 
the sectors that profit from these drivers (e.g. extractive industries, livestock production) are 
usually in separate silos to the sectors that pay for the cost of new EIDs - usually government 
ministries of health, and private citizens; 2) the international nature of the damages from 
pandemics and strategies to avoid them cause ‘global commons’ and ‘free-rider’ problems; and 
3) there are few incentives for the private sector organizations involved in environmental and 
socioeconomic changes, to reduce their intensity. New initiatives are required that 1) 
demonstrate more directly the link between specific sectors of industry, and even individual 
companies and disease emergence; 2) directly apportion liability to companies involved in the 
emergence of EIDs; and 3) provide social and economic incentives to companies to reduce their 
impact. 
 
                                                
6 Pike J et al., Proc. Natl. Acad. Sci. U.S.A. 111, 18519 (2014). 
7 Jones KE et al., Nature 451, 990 (2008). 
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Gene Editing Technology 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
Gene editing technology has become increasingly accurate and affordable in recent years with 
the advent of the CRISPR-CAS9 gene editing system. The most immediate benefits that are being 
widely discussed and debated center around treating, curing, and preventing genetic and non-
communicable disease in humans, but the implications for CRISPR technology for global health 
go far beyond editing the human genome. About 750 million people live in extreme poverty in 
the world, primarily sub-Saharan Africa and South Asia8. Harnessing gene editing to modify 
livestock and agricultural products may not only lead to disease resistant domesticated plants 
and animals but could also lead to more productive varieties of these that can survive and thrive 
in unusual and changing climates. However, this technology has potential challenges and 
opportunities that require a One Health lens to help assess and balance risks and benefits. 
Giving farmers access to this technology could help alleviate extreme poverty and widespread 
hunger for millions of people worldwide. Alterations such as reducing the dependence on 
natural and artificial fertilizers not only would lead to more productive and resilient crops but 
would also reduce unintended consequences of agriculture such as runoff pollution and 
eutrophication of water that cause to hypoxic and anoxic conditions. Alternatively, this 
technology could be used to eradicate mosquitos carrying disease from all different regions, 
whether it be zika in South and Central America, malaria and dengue in Africa, or one of the 
other potentially deadly pathogens they spread9. These are just two examples of how gene 
editing technology could be carefully employed to improve the livelihoods of millions of people 
and solve some of the most important and pressing issues in One Health today. Though this 
technology has the ability to provide extremely beneficial products, the potential inadvertent 
consequences of gene editing can be immensely detrimental to biodiversity, and negatively 
impact the processes of the natural world. It must be undertaken with great care and caution in 
as to not cause any of these unwanted results to happen. 
                                                
8 Foreign Affairs Bill Gates, Gene Editing for Good. (2018) 
https://www.foreignaffairs.com/articles/2018-04-10/gene-editing-good. (Accessed 15 June 
2018). 
9 Yale Environment 360, Richard Conniff. Should Genetic Engineering Be Used as a Tool for 
Conservation? https://e360.yale.edu/features/should-new-genetic-engineering-be-used-as-a-
conservation-tool. (Accessed 15 June 2018).  
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Anthropogenic Evolution and Synanthropic Species 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sarah Gunawan (2015). Synanthropic Suburbia. UWSpace.http://hdl.handle.net/10012/9765 

 
Humans influence the evolution of species and characteristics through artificial selection and 
domestication processes. In addition to centuries of intentional artificial selection, human 
activity drives the selection process, and creates environments that favors species tolerant to 
modern civilization and human activities. Antibiotics, translocation of exotic species, wildlife 
trade, pollution, and deforestation are additional anthropogenic activities that are contributing 
to biodiversity loss and community composition. These altered and simplified ecosystems are 
found all over the world, and have in common lower taxonomic, functional, and phylogenetic 
diversity of plants, animals, and microbes. Similarly, we are seeing evidence of vectors, reservoir 
hosts, and pathogens that were influenced by human activity in the past 10,000 years emerging 
as more problematic and resilient infectious diseases10. For example, bat species tolerant to 
human modified landscapes harbor different viruses than those bats in natural protected 
areas11. Several coronaviruses and hantaviruses are being selected for in modified 
landscapes and in urban areas, potentially increasing epidemiological risk for humans and 
animals.  Other examples have been shown for directly and indirectly transmitted diseases 
including vector-borne diseases. These newly configured synanthropic species, including 
reservoirs, vectors and pathogens will emerge as significant health and biodiversity challenges in 
the modern landscapes.  
 
  

                                                
10 Daszak P et al., Anthropogenic change, biodiversity loss, and a new agenda for emerging 
diseases. J Parasitol. 2003;89(Suppl.):S37-41. 
11 Rico-Chávez O et al. Viral diversity of bat communities in human-dominated landscapes in 
Mexico. Veterinaria México OA. 2015;2(1). 
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Mechanisms and Manifestations of Disease Transmission 
 

 
Although there have been significant strides made in discovering the underlying mechanisms of 
infectious disease manifestation and transmission, more research is necessary to understand 
how these mechanisms differ under various ecological and anthropogenic changes12 (e.g., 
seasonality affecting viral shedding and the role of ecosystem transformation due to global 
catalysts such as climate change and natural resource extraction, among other influences). 
Models describing the chain of events in detail leading to a transmission of known viruses can be 
applied to unknown pathogens in theoretical emergence events to better understand disease 
spread13. Systematic long-term monitoring of pathogen circulation and interspecies interactions 
may provide valuable insight on trends predictive of or risk factors for disease emergence events 
and need other sectors of the health industry to cooperate and collaborate in order to fill in 
these knowledge gaps. Human and animal health have started to work together to build these 
synergies, but integration of environmental health data has been limited, missing potentially 
critical information sources.  
 
 
  

                                                
12 Hosseini P.R., Mills J.N., Prieur-Richard A.-H., Ezenwa V.O., Bailly X., Rizzoli A., Suzan G.A., 
Vittecoq M., García-Peña G.E., Daszak P., Guégan J.-F., and Roche B. (2017). Does the impact of 
biodiversity differ between emerging and endemic pathogens? The need to separate the 
concepts of hazard and risk. Philosophical Transactions of the Royal Society, London, Series B, 
372: 20160129. 
13 Semenza, J. C., E. Lindgren, L. Balkanyi, L. Espinosa, M. S. Almqvist, P. Penttinen, and J. 
Rocklöv. 2016. Determinants and drivers of infectious disease threat events in Europe. Emerging 
Infectious Diseases 22:581-589. 
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Crowdsourcing and Private Funding 
 
 

 
 
 
Over the next decade, we project a continued increase in the percentage of research funding 
from sources outside of government agency expert-directed and peer-reviewed grant programs.  
Large foundations have increasing committed to selecting research and project topic areas 
aligned with the interests of their founders or governing boards. Crowd funding appeals for 
research and implementation projects is increasing and provides opportunities for efforts that 
may not fit government agency priorities but appeal to members of civil society. For example, 
the Experiment14 research funding platform allows researchers to “pitch” their projects directly 
to the public and to date, over 800 projects have been funded and over $7.9 million USD has 
been committed15. Crowd sourced funding allows for innovation by supporting new researchers 
and new ideas and may provide the support of projects with higher risk of failure. They also 
challenge scientists to explain their efforts and anticipated research outcome in terms that are 
more easily understood by the general public.  This new challenge could provide collateral 
benefits by making science more understandable to civil society and stimulating more public 
engagement in the process of science. Conversely, important projects that are more difficult to 
explain or do not have the same appeal could suffer in this environment and could result in a 
growing shift in support from critically needed understanding to charismatic and emotionally 
appealing projects. 
 

                                                
14 The Conversation. Crowdfunding could be a simple way to pay for science research (2015). 
http://theconversation.com/crowdfunding-could-be-a-simple-way-to-pay-for-science-research-
38396. (Accessed 15 June 2018).  
15 Experiment. Frequently Asked Questions. https://experiment.com/faq. (Accessed 15 June 
2018). 
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Mass Mortality Events 
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In the last few decades, there have been several sudden disease-driven wildlife populations 
declines events that made conservation scientists take seriously into account the health aspect 
of conservation16. The emergence of deadly diseases and infections like chytridiomycosis in 
amphibians, Tasmanian devil tumors, white nose syndrome in bats, and Pasteurella multocida in 
saiga antelope has highlighted the need to deeply analyze these events, as the drivers prove to 
be multifactorial, having complex webs of causation that require profound and dedicated 
investigation. For example, along the Pacific coast of North America, sea stars have been 
mysteriously dying since 2013, in a magnitude not previously documented. Large efforts have 
been made to understand the phenomenon so that a preventative strategy can be 
implemented. A sea star-associated densovirus (SSaDV) was found to be associated with this 
wasting disease, but further research efforts unearthed the same virus in sea stars collected in 
the 1940’s17, indicating that this pathogen was not the cause of the mass mortality event, and 
continued research was necessary to find the root cause. In developing countries, where 
biodiversity and ecosystem services are typically high, wildlife mortality events are rarely 
pursued past standard outbreak investigative procedures. This lack of proper response and deep 
investigation is due to limited capacity and resources, and in some cases, corruption at the 
government level. Improper relationships between certain industries and members of the 
government impede an investigation for various reasons. This problem constitutes a major 
challenge if we are to understand wildlife health in developing countries, and its implications in 
One Health at a global level. 
                                                
16 Redford, K., et al. (2011) What Does It Mean to Successfully Conserve a (Vertebrate) Species? 
BioScience 61 (1): 39-48. 
17 Hewson, I., et al. (2014). Densovirus associated with sea-star wasting disease and mass 
mortality. Proc Natl Acad Sci U S A, 111(48): 17278-17283. 
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Economic Optimum for Land Development 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Land use change is a leading driver of ecosystem degradation and desertification, biodiversity 
loss, contamination of clean water sources, climate change, and infectious disease emergence18. 
As global population and urbanization rates rise, the potential for negative human health 
consequences from land use change increases. We have identified extractive industry activities 
and agricultural intensification as some of the key drivers and threats to ecosystem and human 
health. These activities increase the likelihood of a zoonotic disease transmission or spillover 
events. Programs and projects designed to find the economic optimum of land development 
and create flexible, predictive models are vital to engage stakeholders to make safe and 
educated long-term policy decisions that maximize both public and private benefits, especially in 
areas of high biodiversity that are suffering from extensive and uninhibited deforestation, 
typically developing countries19. Making informed decisions on land use change can drastically 
reduce the negative economic impact on the local community, and avoid crises such as 
outbreaks of endemic diseases, and other small-scale epidemics. Taking a One Health approach 
to consider all the possible ecosystem and human health consequences of and land use change 
is crucially important to conserve biodiversity, but also to mitigate countless other indirect 
effects of improper land use change. 
  

                                                
18 Loh et al. 2015. Targeting Transmission Pathways for Emerging Zoonotic Disease Surveillance 
and Control. Vector-Borne and Zoonotic Diseases 15:432–437. 
19 EcoHealth Alliance. IDEEAL. https://www.ecohealthalliance.org/program/ideeal. (Accessed 15 
June 2018). 
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Financial Risk-Rating Instruments for Disease Outbreaks 
 

 
 
The economic consequences of outbreaks extend far beyond the health sector, with recent 
epidemics inflicting significant losses on travel, tourism, extractive industries, agriculture, 
education, and more.20,21 The stakeholders that bear the costs range from individual patients 
and households, local businesses, government institutions, international agencies, multinational 
corporations, donors and lenders, and insurers/reinsurers. Innovative risk-based financing 
mechanisms are increasingly being pursued to avoid potential catastrophic losses associated 
with pandemics.  
 
The creation of pandemic insurance markets, while providing a mechanism to mobilize 
resources for containment and recovery, at present seeks to assist countries in their response 
and recovery (releasing funds once a certain case threshold is met) but lack incentives for 
prevention, particularly if premiums are paid by donor rather than recipient countries (e.g. 
under the World Bank’s Pandemic Emergency Financing Facility). If recent trends continue (e.g. 
Jones et al. 2008), the pace of disease emergence and spread threatens to make response 
efforts and insurance payouts cost-prohibitive. To date, vulnerability to epidemics is not 
factored into country credit ratings, which are assessed based on economic and political stability 
criteria thought to be indicative of loan repayment ability. The World Bank’s International 
Working Group on Financing Preparedness proposed development of an indicator of pandemic 
risk reflecting three factors: 1) intrinsic vulnerability, 2) preparedness and response capacity, 
and 3) industry sector vulnerability.22 The Global Health Security Index under development by 

                                                
20 World Bank. 2018. Operational Framework for Strengthening Human, Animal and 
Environmental Public Health Systems at their Interface. Washington, D.C.: World Bank Group. 
21 UNDP. 2015. Socio-Economic Impact of Ebola Virus Disease in West African Countries.  
Jones KE et al. 2008. Global Trends in Emerging Infectious Diseases. Nature 451:990-993.  
22 World Bank International Working Group on Financing Preparedness. 2017. From panic and 
neglect to investing in health security: financing pandemic preparedness at a national level 
(English). Washington, D.C.: World Bank Group. 
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the Nuclear Threat Initiative, Johns Hopkins University, and the Economist Intelligence Unit may 
offer a candidate. 
 
Intrinsic vulnerability to outbreaks in particular represents an under-emphasized area of country 
health security. Some countries have inherently higher risk of emerging and endemic zoonoses 
as a function of their biodiversity, public health system capacity, and practices that facilitate risk 
of pathogen spillover and spread. Currently, infectious disease risks are not routinely assessed 
as part of economic development project planning and safeguards or post-project reviews.23 
Emerging infectious diseases in particular represent a blind spot, with no formal mechanism for 
assessment of risks despite increasingly well-documented drivers of disease emergence and 
spread. For example, development institutions have pledged to build billions of miles of road 
over the next several decades- with 90% planned for highly biodiverse areas.24 The potential 
implications for pathogen emergence and mobility are yet to be assessed.   
 
In addition to sovereign credit-worthiness of countries, credit ratings incorporating disease risk 
could be applied to companies or industries to better capture the negative externalities of high-
risk practices, as well as incentivize reduced risks. To better target risks can help countries, 
donors and corporations avoid unexpected impacts that may undermine development progress 
and have long-term societal consequences.  
 
 
 
 
 

                                                
23 Seifman R et al. 2015. Think Big, World Bank: Time for a Public Health Safeguard. The Lancet. 
3(4):e186-187. 
24 Laurance WF et al. A Global Strategy for Road Building. Nature 513:229-232. 
 


