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ABSTRACT

The world is facing interconnected crises: pandemics, inequities, climate change,
and biodiversity loss. The One Health approach, recognizing links between human,
animal, plant, and environmental health, offers solutions. Benefits include reducing
zoonotic risks and improving surveillance through collaboration, equity, and
stakeholder engagement. Endorsed internationally, the approach has recognized
economic benefits through prevention. Consistent integration, capacity building,
interdisciplinary teamwork, and Indigenous knowledge inclusion are crucial, and
expanding the application to address antimicrobial resistance and food systems is
necessary. Recognizing interdependencies and multisectoral cooperation through

a One Health lens can lead to efficient and equitable solutions and contribute to
sustainable development.

THE ONE HEALTH APPROACH

Our world is facing critical and converging crises that can no longer be ignored.
Attempts to control deadly viruses—such as Middle East respiratory syndrome
(MERS) coronavirus, severe acute respiratory syndrome (SARS)-related
coronaviruses, and pandemic influenza viruses—have been, out of necessity, almost
entirely reactionary. Because of recent devastating events, the world is poised to
move beyond that costly approach, which measures impact in death tolls and
money spent on diagnosis, treatment, and containment. The time is right for a
more proactive paradigm that allows for use of knowledge on what diseases might
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be emerging and the development of interventions to prevent or at least control the
pathogens at their source.

Before the COVID-19 (coronavirus) pandemic, the World Bank (2012) documented
that, from 1997 to 2009, at least US$80 billion was spent responding to just six
outbreaks of deadly zoonotic diseases, caused by viruses shared between people

and animals. It also estimated that a pandemic would reach costs above a trillion

US dollars. As evidenced by the COVID-19 crisis, forecasts not only were correctly
cautionary but also far underestimated actual costs; they did not begin to anticipate
the long-term costs to economies and societies of a severe pandemic.

For decades, scientists and policy makers have advocated for the One Health
approach and proactive surveillance to identify all viruses of pandemic risk. They
foresaw a relatively modest global cost of US$4 billion, should that work have been
conducted and the data used to prepare for a SARS-related coronavirus outbreak
in advance (Carroll et al. 2018). Application of One Health approaches could
drastically reduce economic and human losses as the public health community
drives surveillance and interventions upstream and predicts the risk from these
diseases before they emerge.

In addition to recurring epidemics and pandemic threats, we face many interrelated
and escalating societal challenges, such as equity and justice, clearly illustrated

by disparities in access to health services among and within countries, as well

as unjust food systems that fail to equitably deliver nutrition and thus health
resilience. The planet itself faces a climate change crisis and an unprecedented

loss of ecosystems and biodiversity that humans are—or should be—racing to

slow. Current proposed actions to address these challenges are most often siloed,
addressing only the clear and specific causes of a single crisis, or the symptom(s)

of one, without holistic examination of the inextricably linked drivers of these
challenges and thus without the identification of implementable solutions that
address the complexity of the current global situation. In addition, single-problem
approaches often fail to acknowledge human behavior as the root of all of these
problems and human behavior change as the only real solution. If we cannot stop
these accelerating processes before we reach identifiable tipping points, life on earth
could fundamentally change for us all (Rockstrom et al. 2009). At the highest levels
of international policy making, organizations and confederations such as the World
Bank and World Health Organization (WHO), and now the Group of Seven and
Group of Twenty, have all begun to advocate for a more integrated approach to
health and climate policy—One Health.

Multisectoral collaboration has long been recognized as important for health
outcomes (Watkins et al. 2017). The concept of One Health, however, directly
acknowledges the connections among the health of humans, animals, plants, and
the environment and prioritizes relevant outcomes for each. In 2021, a harmonized
definition developed by the One Health High-Level Expert Panel was endorsed by
the four organizations that now form the “Quadripartite” (the Food and Agriculture
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Organization of the United Nations [FAO], the United Nations Environment
Programme [UNEP], WHO, and the World Organisation for Animal Health
[WOAH], founded as the Office International des Epizooties [OIE]):

One Health is an integrated, unifying approach that aims to sustainably balance and
optimize the health of people, animals and ecosystems. It recognizes the health of humans,
domestic and wild animals, plants, and the wider environment (including ecosystems) are
closely linked and inter-dependent. The approach mobilizes multiple sectors, disciplines
and communities at varying levels of society to work together to foster well-being and
tackle threats to health and ecosystems, while addressing the collective need for clean
water, energy and air, safe and nutritious food, taking action on climate change, and
contributing to sustainable development (OHHLEP et al. 2022). [Emphasis in original.]

The definition is accompanied by underlying principles that reinforce the
importance of reducing trade-offs and increasing co-benefits, including through
equity, sociopolitical parity, the notion of a socioecological equilibrium,
stewardship, and transdisciplinarity and inclusion of stakeholder voices including
traditional knowledge forms (OHHLEP et al. 2022).

Similar to equity concerns in other domains, guidance for ethical use and
governance is often established without inclusion of all appropriate marginalized
communities and does not always include consideration of sovereign rights. Like all
nation states, Indigenous Tribal/Nation governing entities require reliable, relevant,
and current data to make sensible health policy decisions (Barrett et al. 2022).
International frameworks (for example, the Convention on Biological Diversity,
Cartagena Protocol on Biosafety, and Nagoya Protocol) and a series of legal
instruments have been developed to inform, operationalize, and protect Indigenous
Peoples’ rights to free, prior, and informed consent—a specific right that pertains to
Indigenous Peoples. The United Nations Declaration on the Rights of Indigenous
Peoples reaffirms and asserts Indigenous Peoples’ rights to self-governance and self-
determination over their collection, use, and ownership of data (FAO 2016; United
Nations 2007). These rights, coupled with the universal right to self-determination,
are the foundation to give and withhold consent to participate in research projects,
promote equitable participation, and protect Indigenous knowledge in light of

the open science/open data movement. Despite the identification of Indigenous
data stewardship practices (refer to Carroll et al. 2021), digital platforms, big data,
and open science databases present new international challenges and further
inequities (Ross-Hellauer 2022). For instance, the use of digital tools requires
technical capacity and resources to ensure protection of confidential information
and health identifiers, especially during health crises (Hiraldo, James, and Carroll
2021; Johnson et al. 2021). Indigenous and other marginalized communities often
face health data invisibility because of a lack of data collection and because of bias
or misrepresentation resulting from data collection using a “deficit” lens, which
reinforces dysfunction and marginalization (Barrett et al. 2022).

Although the One Health concept dates back to the time of Hippocrates, historians
have described the modern history of One Health (Woods et al. 2017), tracing the
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term “One World-One Health” to the Wildlife Conservation Society’s Manahattan
principles of 2003. “One Health” as a term appeared for the first time in the
biomedical literature in 2005 (Zinsstag et al. 2005). The approach gained traction
as a unifying international paradigm during a pre-COVID-19 time of global crisis,
when the international public health community had concerns that the avian
influenza A (H5N1) virus, identified in Asia and spreading across continents,
would spark a pandemic of severe disease in people and the food supply. Further,
this influenza A (H5N1) virus emerged at a time of already-high global health
concerns about other zoonotic disease, caused by pathogens shared by people and
animals. For myriad reasons, including disruption of previously stable ecosystems
and better surveillance and disease detection capacity in countries, there had been
increasing reports of outbreaks of new zoonotic disease pathogens, such as bovine
spongiform encephalopathy, SARS-related coronaviruses, influenza A (H5N1) virus,
influenza A (HIN1) virus, and henipaviruses; reemerging zoonotic pathogens, such
as Rift Valley Fever Virus, ebolaviruses, Zika Virus, and West Nile Virus; foodborne
diseases; and antimicrobial resistance (AMR) (map 3.1).

Map 3.1 Notable Disease Outbreaks and Pathogen Emergence and Key Animals Involved in Disease

Transmission, by Year
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Note: BSE = bovine spongiform encephalitis; COVID-19 = coronavirus disease 2019; FMD = foot and mouth disease; HIV/AIDS = human immunodeficiency virus and
acquired immune deficiency syndrome; SARS = severe acute respiratory syndrome.
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In this context, the Tripartite (the One Health platform initially explored by WHO,
WOAH, and FAO in 2008 and formalized in 2010) and global health partners,
including the World Bank and the newly established United Nations System
Influenza Coordination office, convened a series of meetings beginning in 2005.
These International Ministerial Conferences on Avian and Pandemic Influenza
brought together ministers primarily from the animal health and public health
sectors to discuss and agree on the need for intersectoral action to reduce national
and global risks from this and other zoonotic influenza viruses (UNSIC and World
Bank 2010). In 2008, at the meeting in Sharm el Sheikh, the group broadened the
scope to include other emerging and endemic zoonotic diseases in line with the new
framework “Contributing to One World, One Health: A Strategic Framework for
Reducing Risks of Infectious Diseases at the Animal-Human-Ecosystems Interface”
(World Bank et al. 2008). International convenings continued as part of the Global
Health Security Agenda and as instigated by large-scale projects, such as those
supported by the US Agency for International Development. The term “One Health”
began to be widely used to describe the new international policy recommendation
of working across sectors and disciplines to address influenza and other zoonotic
diseases and AMR. A clear definition of One Health as added value of a closer
cooperation between human and animal health was proposed in 2015 (Zinsstag

et al. 2015), showing incremental benefits of joint human and animal vaccinations
in pastoralist settings in Chad (Schelling et al. 2005) and incremental benefits of
zoonoses control (refer to table 3.1).

The new policies and funding established by the World Bank and other development
partners sparked an exponential increase in activities using this newly recognized
collaborative, multisectoral approach. Many countries have established national
mechanisms for coordination using the One Health approach, and ministries

now routinely work together on operational activities. They have a variety of tools
and processes to support implementation and assessment of One Health capacity,
infrastructure, and activities available to them (Pelican et al. 2019; WHO, FAO, and
OIE 2019).! In 2022, UNEP formally joined the Tripartite, creating the Quadripartite
(FAO et al. 2022).

Despite mainstreaming of One Health policy and gains in multisectoral
collaboration at the international level and in some countries, especially between
the public health and animal health sectors, functional capacity to identify new
emerging diseases, especially those evolving in animals, is still limited. We may
never truly know the timeline, geography, and species involved in the emergence of
the SARS-CoV-2 virus. We do know, however, that global capacity to address the
emergence and spillover of novel viruses into humans or into new animal hosts that
could act as reservoirs for human exposure, as well as those that could be vulnerable
to losses that could severely affect the human food supply, is weak. Since the
emergence of SARS-CoV-2, other pathogens have similarly emerged or reemerged,
including mpox virus and influenza A (H5N1) virus, with devastating consequences
in human and animal populations. These viruses illustrate the ongoing threats

from zoonotic pathogens and reinforce the need to change the way we approach
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their management (FAO 2023; WHO 2022). A handful of large-scale projects have
provided the proof of concept that viruses of concern can be identified and ranked
for risk mitigating action. Before the COVID-19 pandemic, however, the lack of a
global agreement to pursue preparedness left global society’s fate in the hands of
disconnected public health systems not designed to handle a pandemic caused by a
novel disease, now designated as Disease X (Carroll et al. 2018; Grange et al. 2021;
PREDICT Consortium 2020).

Working across sectors on surveillance is critical, including sharing information
that may increase vigilance and that could provide early alerts of a pending threat;
however, simply working together using mainstream scientific approaches to public
and animal health is insufficient. We must begin to understand and more holistically
address the complexity of the broader social, cultural, and ecological systems
involved in disease emergence and control and consider the potential for spillover
events in the contexts in which they occur (Daszak, Cunningham, and Hyatt 2000;
Kelly et al. 2017; Mumford 2023). Specific efforts to better empower rural and
suburban municipalities and include community-based organizations and social
scientists, who can help with effective communication and combat misinformation,
are essential, as evidenced by the dramatic losses, measured in lives and financial
damages, resulting from societal choices and human behavior in response to the
COVID-19 pandemic.

WHY USE A ONE HEALTH FRAMEWORK?

One Health offers not only a theoretical construct but also a practical, solution-
oriented approach providing added value over those that do not recognize

the interconnected nature of health. Although providing a general structure

for collaboration, application of the One Health approach is context specific.
Accordingly, the objectives, stakeholders, information needs, and strategies will
differ with the particular issues under consideration and local context (Berger-
Gonzalez et al. 2020). At the beginning of a process to address a complex problem,
the One Health approach can help determine who needs to be at the table and the
most efficient and effective ways to address an issue or to pursue a desired outcome
(Berthe et al. 2018).

The application of One Health in numerous contexts has resulted in an existing
and growing body of knowledge. For example, the development and use of a
“Living Safely with Bats” visual booklet supported a One Health approach to risk
communication and community education in villages and primary schools in
over 20 countries. It increased knowledge about practical strategies for reducing
zoonotic disease risks in daily living, while protecting bats and the important
ecosystem services they provide in African and Asian countries (Martinez et al.
2022). Monitoring and detection of disease in animals have also helped inform
alerts or other action to reduce public health risk. For example, investigation of
reports of howler monkey deaths in Bolivia led to detection of Yellow Fever virus
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circulation and a preventive vaccination campaign in humans (Kelly et al. 2020).
Similarly, One Health surveillance has been enhanced within and across countries
through regional networking approaches; for example, the MATRIX project on
foodborne pathogens and emerging health threats in 12 European countries,
funded by the One Health European Joint Programme and the PREDICT project,
supported systems strengthening for emerging infectious diseases in 30 countries
across Africa and Southeast Asia. Although these case studies show the potential
value addition from such an approach, the systems to routinely collect and use this
information more systematically across disciplines, sectors, and stakeholders are
not widely in place.

Countries are increasingly developing national One Health coordination
mechanisms or platforms that provide a multisectoral coordination for ministries
and a wider group of stakeholders. In Liberia, for example, a platform was launched
in 2016 with a governance manual and five Technical Working Groups; chairing of
the platform by the Vice President provided high-level political support. In addition
to a goal of more frequent and routine sharing of information and collaboration,
these platforms have been mobilized during disease events and in the planning

and implementation of strategies. For example, in Tanzania, One Health Rapid
Response Teams have been established at the district and regional levels to promote
multisectoral disease investigation and outbreak control (Mtui-Malamsha et al.
2020). With national platforms in place, many countries are now working to enable
subnational coordination. The establishment of similar coordination mechanisms at
the country and regional levels is part of the indicators of projects, such as the World
Bank-supported Regional Disease Surveillance Systems Enhancement for West and
Central Africa.

The One Health approach also appears to be gaining traction from key
commitments by other sectors. For example, the Global Biodiversity Framework
adopted by parties to the Convention of Biological Diversity in 2022 states the value
of One Health and other integrated approaches to help meet its 23 targets, which
span aspects of ecosystem protection, conservation of biodiversity, and prevention
of spillover. As power imbalances across ministries remain and must be further
addressed, financing mechanisms must be designed to support implementation and
to broaden the source of investments and the recipients contributing to One Health.
This One Health implementation, in turn, will help support a whole of government
and ideally a whole of society approach.

THE ECONOMIC CASE FOR ONE HEALTH

The economic case for One Health is based on the assumption that closer
cooperation between human and animal health and other sectors leads to
incremental net benefits that cannot be achieved if the sectors work in isolation
(Zinsstag et al. 2015). All the same, such collaborations across the different sectors
and disciplines come with costs that need to be understood, described, and
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estimated, as well as a stream of benefits from improved overall health management
and better efficiencies in resource management (Rushton et al. 2012). To prove
incremental benefits of a closer cooperation, novel methods must establish the effect
of the interventions at the environmental-animal-human interface through statistical

or mathematical models that are combined with cross-sectoral economic analyses

(refer to example in figure 3.1). A difficulty with such work is the need to estimate

crises that do not happen because a One Health approach embodies preventive

rather than curative health management.

Given that One Health is an approach, the ways it can be applied and situations in

which it could be useful are numerous. Therefore, generating evidence of benefit

will always require some interpretation in the specific context. Despite the desperate

need for much better systematic understanding of the role of individual ministries

and subnational stakeholders in the policy process and analyses of political

economy and associated power (Garritzmann and Siderius 2024), good practices are

increasingly becoming visible. Such good practices include stakeholder analysis and

consultation to ensure sufficient engagement of those who need to be at the table

and part of co-design or implementation (table 3.1).

Table 3.1 Studies Examining the Benefits of Disease Prevention through a One Health Approach

Study topic

Key finding

Source

Strengthening human and
animal systems

US$1.9 billion to US$3.4 billion per year invested in building up human and
animal health system yields.

>US$30 billion annually in avoided costs of epidemics, based on costs of
major zoonotic diseases incurred between 1997 and 2009.

World Bank 2012

Joint vaccination services for
animals and humans

Joint vaccination of animals and humans in pastoralist areas of Chad saves
15 percent of the operation cost, compared to separate services.

Schelling et al. 2005

Brucellosis vaccination in
livestock

Societal benefits from mass vaccination of livestock to control brucellosis in
Mongolia are three times higher than the intervention cost (figure 3.2).

Roth et al. 2003;
Zinsstag et al. 2005

Rabies vaccination in dogs

The cumulative cost of mass vaccination of dogs at 70 percent coverage and
postexposure prophylaxis is lower than human postexposure prophyslaxis
alone in 10-year period.

Mindekem et al. 2017

Benefit-cost analysis of
eliminating rabies in Africa

Coordinated mass dog vaccination between countries and PEP would lead
to the elimination of canine rabies in Africa, with a total welfare gain of
US$9.5 billion (95 percent Cl: 8.1 billion to 11.4 billion). Uncoordinated mass
vaccination of dogs between countries and incomplete PEP in humans result
in lower welfare gains and do not lead to the elimination of canine rabies.

Bucher et al. 2023

Assessing socioeconomic
impacts of infectious diseases
using a multisector approach

Case studies of Ebola virus disease, Zika virus infection, and others identify
wider socioeconomic consequences than traditional public health costs
and identify private sector organizations as important and underrecognized
stakeholders.

Smith et al. 2019

Source: Original table compiled for this publication using the indicated sources.

Note: Cl = confidence interval; PEP = post-exposure prophylaxis.
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Figure 3.1 Schematic Relationship of Time to Detection of an Emerging Pathogen and Its Cumulative Cost of Control
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Source: Adapted and expanded by Zinsstag, Utzinger et al. 2020 from World Bank 2012.

IDENTIFYING NONFINANCIAL METRICS

Elinor Ostrom (2015, 15) notes in Governing the Commons, “We can consider freedom
of disease in its non-rivalrous and non-excludable quality as a common or public good”
By analogy, unhindered spread of disease, leading to outbreaks, or endemic stable
transmission of disease can be considered a “tragedy of the commons,” as described by
Garrett Hardin (Zinsstag, Schelling, et al. 2020, chapter 31).

Local and Global Public Goods

Reducing pandemic risk—although a global public good—requires local actions

to curb spillover risk and prevent local outbreaks from spreading. Demonstrating
impact at national and local levels may resonate in national and subnational budgets.
Investments in One Health-based prevention, detection, response, and recovery can
generate local and global public goods relevant for domestic financing. As with other
avoided illness or avoided events, however, intervening on pandemic risk, in terms
of likelihood or impact, may be considered to have an invisible value of prevention
that makes it unattractive for financing and measurement at a national level when
considered in isolation. Thus, existing co-benefits may offer more amenable options
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as a starting point for measurement; in some cases, they can be considered a good
proxy for overall systems strengthening that also have broader effects of reduced
disease risk. Such metrics must be identified and agreed upon in order to help track
outcomes, refine approaches as needed, and demonstrate value for society as well as
return on money invested.

Timeliness metrics provide an example of a practical evaluation tool designed to
strengthen public and animal health systems by assessing outbreak performance.
Strengthening capacities ahead of outbreaks and tracking and measuring the
time between key outbreak detection and response milestones provide countries
and regions with a systematic and quantifiable method to identify gaps that can
be targeted for improvement. Several timeliness metrics frameworks have been
proposed, including the One Health timeliness metrics (Salzburg Global Seminar
2020), the 7-1-7 targets piloted by Resolve to Save Lives (Frieden et al. 2021), and
the Joint External Evaluations (refer to chapter 5) under the International Health
Regulations Monitoring and Evaluation Framework (WHO 2016). The WHO
Regional Office for Africa recently adopted the 7-1-7 indicators as a target for
timeliness in its 2022-2030 Regional Strategy for Health Security and Emergencies
(WHO Regional Committee for Africa 2022).

Anticipating and containing complex outbreaks of priority and novel diseases
require tracking and measuring metrics through equitable collaborations between
the human, animal, environmental, and plant sectors at the local, national, and
regional levels. Recognizing that a multisectoral approach is optimal for detecting
and mounting a coordinated response, both the 7-1-7 approach and the One Health
timeliness metrics framework support joint after-action reviews as an opportunity
to review performance and share data among relevant stakeholders. The One Health
timeliness metrics framework additionally proposes that, when possible, dates be
tracked for predictive alerts of potential outbreaks and preventive responses to early

signals.

Combining sustainable use of natural resources and human and animal health
expands One Health methods toward strategy analysis using game theory (Bucher
et al. 2023). For global public goods with overwhelming benefits outside of isolated
countries, financing often requires international cooperation and solidarity,
especially for issues that have global externalities, such as climate change or
pandemic risk. At the other end of the spectrum, some of the co-benefits generated
by a One Health approach are private goods, such as improved on-farm biosecurity
that might improve profitability and resilience of livestock operations (refer to the

example in figure 3.2).
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Figure 3.2 Synoptic View of the Costs and Benefits of Mass Animal Vaccination against Brucellosis in Mongolia
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Note: Cost sharing between public health and animal health makes the intervention extremely cost-effective and efficient.

Investing in Prevention

Part of the attention to One Health involves growing interest in the prevention
element of the prevention, detection, response, and recovery spectrum. Calls

to action have highlighted possible pathways aimed at reducing risk, such as

the elimination of live animal markets. At the same time, these broad-stroke
prevention measures create concerns about equity, unintended consequences, and
disempowering local stakeholders who need to be part of the design and buy-in
for successful uptake. Social inclusion is particularly relevant to these dialogues.
For example, Indigenous Peoples make up approximately 5 percent of the
population and steward land encompassing 80 percent of the world’s biodiversity
but are not adequately included and prioritized in decision-making processes
(Masaquiza Jerez 2021).

In addition, although not routinely tracked, spending on prevention is widely
recognized to result in magnitudes lower costs relative to the response required
when diseases are not prevented. Prevention can be highly cost-saving, but the
current level of investment is inadequate to produce intended effects. Analysis
published in 2022 found that a One Health-based approach to pandemic prevention
would cost an estimated US$10.3 billion to US$11.5 billion each year for three core
areas of focus: strengthening animal health and veterinary services, improving
on-farm biosecurity, and reducing deforestation or forest degradation and improving
conservation (World Bank 2022). This cost represents 30 percent of the cost of
pandemic preparedness (US$30.1 billion per year) and less than 1 percent of the
cost of COVID-19 in 2020, estimated by the Group of Twenty Joint Finance and
Health Taskforce. In addition, such investments in prevention have clear potential
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co-benefits, among them reducing emissions, addressing AMR, improving
animal welfare, and limiting risky contact between animals and people. Improved
preparedness ensures that systems are in place to both anticipate and reduce risks,
as well as to effectively respond when disease events occur. Investing in enhanced
preparedness is recognized as key to resilience.

CHALLENGES TO ONE HEALTH IMPLEMENTATION

In addition to the difficulties of enumerating benefits from prevention,
implementation of the One Health approach also has challenges and limitations.
The timing of the emergence of One Health internationally meant that it evolved

in an emergency and development context, and so has maintained the ethos of
development paradigms, including challenges to equitable collaborative governance
and power imbalances, as well as restrictions to the scope of stakeholders and actors
and methodologies included (Mumford 2023). Engagements have subsequently

left out many essential sectors, simply because their representatives weren't at the
table when the approach was first developed for emergency response. For example,
a long-standing issue involves properly recognizing the role of plants and the
environment, and integrating the relevant ministries and departments into planning
and activities. This problem is often compounded by underrepresented agencies
and ministries being simultaneously underfunded and unable to adjust priorities to
health collaborations, especially when budgets are compared to human health and
animal agriculture sectors.

The COVID-19 pandemic has highlighted how changes in the environment affect
human health. Despite this improved recognition and heightened interest from all
sectors, there has been little change in the relative distribution of funds in most
countries to allow for equitable multisectoral implementation of the One Health
approach. Some signals indicate promise for needed improvements, including
specific mention of using the One Health approach in important guidance
documents, such as the Pandemic Fund, WHO’s Pandemic Treaty, revisions to the
International Health Regulations (2005), the US Biden-Harris Administration’s
bold 100 Days Mission, and numerous statements and convening documents from
the Group of Seven and Group of Twenty. Thus, we are in a critical moment for
One Health, with a window of opportunity for broad application but with a need to
measure and clearly articulate the tangible benefits to improve the health of animals,
people, plants, and ecosystems.

Funding for Global Health Security

Before the COVID-19 pandemic, the US government invested in global health
primarily through a lens of specific diseases. Examples include the President’s
Emergency Plan for AIDs Relief, with over US$100 billion invested since 2003
in the global HIV/AIDS response; the President’s Malaria Initiative, with over
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US$16.4 billion invested since 2005 to combat malaria in the hardest hit nations

in Africa; international tuberculosis activities, with over US$45 million invested
since 2013 for global tuberculosis control; and the Global Fund to Fight AIDS,
Tuberculosis and Malaria, with over US$53 billion contributed since 2013. US
federal appropriations have been earmarked to these specific funds to ensure
support for the intended efforts. These efforts, of course, contribute to the
strengthening of public health systems in general and to improved capacities to
combat these diseases, but they do not go far enough to encourage holistic strategies
to plan for, prevent, and respond to Disease X. Flexibility in the use of funds under
these programs could go a long way in building and supporting health systems that
desperately need to be strengthened across diseases. After suffering impediments
to implementation and losses in service delivery during the COVID-19 pandemic,
many of these programs are ready to get back to previous activities. Their focus,
however, should be shifted to strengthening public health systems in general to try
to regain both the services lost and improve public health resilience in general.

Although the COVID-19 pandemic heightened awareness of zoonotic disease
transmission, by the time investments in response were made, the disease had
already become a human-to-human concern. Thus, emergency investments, rightly
so, were made to strengthen public health systems for humans only. The fact that
the disease-causing virus initially spilled over from animals is often forgotten or
ignored when considering how to best prepare for the next emerging health threat
of significance, similar to what has happened for HIV. A major concern remains
that future funding will continue to focus on human-oriented public health systems
only and overlook the strengthening of animal health and food systems, including
through the distribution of Global Health Security funds. We cannot continue to
repeat this mistake if we are going to be ready to prevent and respond to future
spillover events that will cause large-scale epidemics and pandemics without
intervention. The evidence for global health security shows that

One Health approaches appear to be most effective and sustainable in the prevention,
preparedness, and early detection and investigation of evolving risks and hazards; the
evidence base for their application is strongest in the control of endemic and neglected
tropical diseases. For benefits to be maximized and extended, improved One Health
operationalization is needed by strengthening multisectoral coordination mechanisms at
national, regional, and global levels (Zinsstag et al. 2023).

Ongoing Needs

For most countries that are actively advancing and integrating their public and
animal health systems, opportunities to develop in the following areas remain:

o Capability strengthening. Knowledge and skill development in study design,
study implementation, transdisciplinary collaboration, field sampling, pathogen
detection, and data management and analysis, as well as workforce development
in all sectors using a One Health approach.
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o Capacity improvements. Public and veterinary laboratory advancements and
establishment of laboratory networks, biobank maintenance, surveillance system
innovation, biosafety and biosecurity controls, and multisectoral engagement
competencies.

o Gap assessments using lessons learned from health projects outside of emergency
responses to identify areas for improvement on an ongoing basis. Identified gaps
can be used to plan for improvements if an easy mechanism exists to feed data
and suggestions into public health planning.

« Relationship strengthening and partnerships with Indigenous Peoples and
community partners to learn from and incorporate previously underappreciated
research, longstanding knowledge, and lived experiences.

o Networking with global experts to maintain trusting relationships across
geopolitical boundaries and to allow for collaboration during the next
emergency.

 Regional response systems, composed of neighboring countries with similar
environments and risks, for early alert action, regional knowledge-sharing, and
support.

o Strengthening coordination and information sharing within one country among
local, subnational, and national human health and animal health reporting
systems.

o Community engagement to engender trust with science and health systems,
combat misinformation, deliver practical training, and co-develop effective
intervention plans.

o Effective use of One Health platforms to coordinate and improve systems and to
leverage synergistic funding.

Workforce Essentials

Despite the increased recognition and endorsement of the importance of One Health
by international organizations and governments in the wake of the COVID-19
pandemic, the One Health workforce remains difficult to characterize because One
Health is an approach to complex health problem-solving rather than an occupation.
Efforts to characterize the workforce have most often focused on a single sector or
discipline, such as human medicine. No accreditation exists for One Health training,
such as that for public health, and no centralized registries exist for One Health
workers, as are common in dentistry or veterinary medicine.

To begin to fill this gap, a multinational cross-sectional online survey of students,
graduates, workers, and employers in One Health identified essential training areas
especially valued in the One Health workforce: interpersonal communication,
communication with nonscientific audiences, and the ability to work in
transdisciplinary teams (Togami et al. 2023). Survey participants deemed the ability
to clarify the expectations, roles, and responsibilities in a transdisciplinary team
early on in project development; avoid the use of jargon or technical terms when
communicating in a multisectoral team; and seeking opportunities to work across
disciplines and organizations for collaborative team building important for a One
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Health worker. They also noted the importance for trainees of seeking out positions
even if not explicitly advertised as One Health, because the One Health approach is
essential to most jobs within the relevant sectors. For employers, hiring candidates
with an interdisciplinary and collaborative approach was deemed essential, and it
was suggested to use the term “One Health” and associated competencies in job
descriptions for recruitment.

Training and workforce programs are beginning to fill gaps. The One Health
Workforce project—funded by the United States Agency for International
Development and implemented by partners in Africa, Asia, and North America—
has strengthened the One Health workforce across 17 countries since 2009. In the
most recent One Health Workforce-Next Generation project, One Health university
networks in Africa and Southeast Asia have strengthened core competencies and
workforce capacities through programs at more than 110 universities. In addition,
One Health training is no longer limited to formal degree-granting programs at
universities. As massive open online courses continue to gain popularity, open-
access online modules on employing and operationalizing the One Health approach
have become available. For example, OpenWHO, universities in North America
and Europe through platforms, such as Coursera and FutureLearn, and One Health
Workforce Academies, among others, offer foundational knowledge and evidence-
based case studies of One Health through structured online modules.2

CONSIDERATIONS FOR OPERATIONALIZED AND EFFECTIVE
ONE HEALTH

The world’s land and water uses are now completely dominated by people and our
preferences for certain plants, terrestrial animals, and aquatic species. Humans have
modified the global ecology for our benefit; at the same time, however, we have
introduced risks to our own health, as well as to that of the plants, animals, and
environment on which we all depend. This major change has resulted in the greater
frequency of pandemics and epidemics of people and animals, principally associated
with livestock food systems (refer to map 3.1).

One Health is continuing to evolve to address complex challenges, including

and beyond infectious diseases, such as the climate crisis and how to feed our
growing global population. Many of these complex problems are driven by major
modifications of land use, especially through encouragement of cropping and
grassland systems that support grain, vegetable, and fruit production for human
food, as well as grass and crops to support animals needed for food consumption
and for companionship and sport. Consequently, plant health, a previously
underrepresented discipline in One Health, is now increasingly recognized as critical
in employing the approach. Improving plant health is closely linked to safer foods
and greater food availability associated with increased crop yield (Rizzo et al. 2021).
In addition, the needs for the One Health approach are becoming more apparent

in addressing the complexity of food systems and the problems generated from
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their antiquated designs. For example, our systems are generating an obesogenic
environment in societies that have reduced need for manual labor and exercise. This
powerful combination has led to a rapid rise in obesity and associated major health
issues, with crippling impacts on health systems.

Similarly, the inappropriate use of antimicrobials, driven by the presence of
infectious diseases in populations, is leading to shifts in resistance of pathogens

to known pharmaceuticals and major problems and costs in health care, life
expectancy, and potentially food systems. Although One Health has been employed
to study AMR, more holistic interventions are needed to prevent the exacerbation
of and to mitigate the impact of antimicrobial resistant pathogens, including good
antimicrobial stewardship across human, animal, and environmental health (WHO
2019, 2023). Examples of good stewardship include responsible prescribing practices
in human medicine, limiting use of antimicrobials in animals for growth promotion,
and improving the management of human and animal waste and byproducts from
manufacturing to avoid the contamination of water, soil, and other environments
with resistant microbes and those that easily incorporate resistance factors (Larsson
and Flach 2021; WHO 2023).

In contrast to overdeveloped, extraction-based food systems, Indigenous
communities in remote and rural regions often rely in part or whole on
subsistence living in which they acquire, prepare, preserve, and consume food
via hunting, fishing, and gathering from the lands and waters (Burnette, Clark,
and Rodning 2018). Efforts to improve global food systems should employ the
Tribal knowledge and Indigenous research that has led to better sustainability
in these systems; however, Tribal and Indigenous systems continue to face their
own significant challenges. Ending hunger and disease, and improving health,
wellness, and resilience based on subsistence in these regions requires the
following approaches:

» Affirming and upholding subsistence rights and activities, often limited by
historical and contemporary oppression and persecution, or federal and
state legislation, policy, and management of land (Burnette and Figley 2017;
McKinley 2022)

o Expanding traditional knowledge applications for food safety and surveillance
that reduce and eliminate zoonotic illness and disease (Hueffer et al. 2013)

+ Offsetting economic marginalization, enabling improved and sustained access
and practice of subsistence lifeways not only to survive but also to thrive and
promote healthy communities (Burnette, Clark, and Rodning 2018; Reo and
Whyte 2011)

o Coordinated efforts with representation from Indigenous traditional
knowledge and rights-holders, policy makers, appropriate agencies or
organizations (such as health departments, centers for disease control, and
research and education institutions), and infrastructure to support ongoing,
culturally responsive training, monitoring, diagnostics, and preventive
measures (Hueffer et al. 2013).
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As noted earlier, negative externalities of public health are being increasingly
recognized, and the associated impacts of the land and water use changes of food
production are also now well documented (Rushton et al. 2021). Only relatively
recently, however, have methods to capture these impacts been developed and
applied in a system called the True Cost Accounting for Food (Gemmill-Herren,
Baker, and Daniels 2021). This approach begins to address what needs to be
measured in order to understand more carefully the impact of human activity on
the ecological system in which we live and work and on which we are completely
dependent. Thus, limiting the negatives of emerging threats, endemic diseases, and
environmental change—at the same time that we optimize food systems to provide
affordable, acceptable, and high-quality foods—requires advancing the One Health
approach to improve metrics in all applications, as well as to optimize evaluation
and decision-making processes.

One promising development is the push for greater focus on the health of the planet,
rather than simply measuring outcomes with regard to human health and associated
costs or savings. The holistic and interdisciplinary approach promoted by One
Health links nicely with this more recent planetary health movement: “solutions-
oriented, transdisciplinary field and social movement focused on analyzing and
addressing the impacts of human disruptions to Earth’s natural systems on human
health and all life on Earth”® One Health and planetary health have both gained
popularity and been recognized by health practitioners as essential in recent years.
These concepts can help highlight the complexity of systems involved in the world’s
problems and, therefore, can be used to more thoughtfully address the adverse
outcomes associated with the drivers of global health challenges, such as the
changing climate, population growth, health disparities, fossil fuel consumption, and
changes in land use.

The Importance of Addressing Complexity When Using the One Health Approach

Both biological systems—those for which One Health approaches have been
applied—and the larger socioecological systems in which they sit are considered
complex adaptive systems. In Systems Science, which is its own scientific field,

the interconnections and relationships between the elements or variables, not the
variables themselves, are of the most interest. The terms “systems” and “complexity”
are used inconsistently in One Health policy and technical discourse. When used
to refer to One Health assessment or analysis, “systems” analysis tends to refer to
mechanistic modeling methods used to understand causal relationships among
variables in the system, such as for prediction.

In contrast to mechanistic systems, “complex” systems—for example animal
bodies and the global internet—are by definition nonlinear (although some of the
relationships inside them may be linear) and are unpredictable because of certain
characteristics, such as adaptation, emergence, self-organization, and tipping
points. Using both qualitative and quantitative Systems Science methodologies
can be useful for understanding potentially unexpected components and
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relationships in the broad system and exploring the sometimes-distant impacts of
manipulating them.

Given the complex and converging global challenges which One Health is now
poised to help solve, there is a pressing need to expand the approach in three
dimensions, namely scope, methodologies (or approach), and worldview (Mumford
et al. 2023). An evolution in scope refers to the plurality of stakeholders and the
expertise, experience, knowledge, and perspectives they bring, and, in particular, the
need to expand effective and engaged partnerships to include affected communities,
including Indigenous Peoples and voices from marginalized populations. An
evolution in methodologies means inclusion of new or existing but underutilized
methodologies and approaches to address some of the challenges in collaborative
governance, inclusion of knowledge, and management of complexity inherent

in One Health activities, and for which current, mainstream Western scientific
methodologies are insufficient. An evolution in worldview means authentic
consideration and respect for diverse and potentially conflicting worldviews in the
planning and implementation of activities (Mumford 2023).

The Role of Culturally Responsive Education in One Health

A paradigm shift to the inclusion of Indigenous knowledge and methodologies

in predominantly Western education systems is well under way, but addressing
power relations that view Indigenous knowledge as a tool in existing Western
scientific and bureaucratic processes will require work (Barnhardt and Kawagley
1999; Nadasdy 1999). The 2030 Agenda for Sustainable Development calls for the
empowerment of Indigenous Peoples, inclusive and equitable education for all, and
engagement of Indigenous Peoples in implementing the Agenda, including “equal
access to all levels of education and vocational training”* Comparatively, however,
very few mainstream or Western education frameworks and programs include
Indigenous Peoples and cultural competency in core curricula, required courses,
or classroom settings (Barnhardt and Kawagley 1999).% In light of the ongoing and
disproportionate effects of climate change on Indigenous and other marginalized
communities, local education and capacity strengthening based on community
needs and priorities is crucial to strengthening the next generation of human-
animal-plant-environment health practitioners and stewards. Increasing the diversity
of perspectives within One Health curriculum and associated degree programs is
an area that needs to be improved to combat systemic racism, barriers, and health
inequities among underrepresented and underserved groups.

Many Indigenous Peoples consider the land a resource that behaves as a living being
and provides the life support system for animals and humans to thrive (Montesanti
and Thurston 2016). This connection to the land emphasizes how the health of

the land is central to Indigenous communities’ health and wellness (Montesanti

and Thurston 2016). Indigenous views of health take a holistic approach based

on interconnected social and ecological systems (Hueffer et al. 2019). Integrating
Indigenous knowledge means moving away from the current westernized model of

90 Investing in Pandemic Prevention, Preparedness, and Response | Siddhanth Sharma et al.



health to include knowledge that is fundamentally relational—linked to the land,
language, and the intergenerational transmission of songs, ceremonies, protocols,
and ways of life (Greenwood and Lindsay 2019).

As a term, “One Health” can be seen as yet another colonial term that does not fully
reflect Indigenous Peoples’ worldviews. Indigenous worldviews and knowledge
about holistic health and well-being preceded the evolving concept of One Health
in veterinary and human medicine. Within the One Health framing, human health
is usually listed first, and this order provides the passive presumption that the
preservation of human health is the primary driver of actions (OHHLEP et al.
2022).¢ This prioritization runs counter to the worldview of humans as stewards of
the natural world, protecting the health of our ecosystems and waterways, ensuring
the continued care of animals and plants, and living in balance rather than over
harvesting. Only through reordering our priorities may we start to bring One Health
into alignment with traditional understandings of balance.

Indigenous early learning frameworks (for example, Canada’s Indigenous Early
Learning and Child Care Framework, established in 2018) founded on Indigenous
climate action and land-based education, coupled with mainstream One Health
principles, can improve science literacy, dissemination, and communication

and ultimately enhance resiliency, wellness, and health outcomes. One Health
programs grounded in cultural identity and local languages can support community
mechanisms for experiential and intergenerational learning. Culture-based and
co-learning among elders and K-12 youth can initiate knowledge exchanges

across various spatiotemporal dimensions, including scalability in individual and
community well-being.

Co-production of Knowledge

“Through scientists entering into dialogue and mutual learning with societal
stakeholders, science becomes part of societal processes, contributing explicit and
negotiable values and norms in society and science, and attributing meaning to
knowledge for societal problem-solving,” a process known as transdisciplinarity
(Hirsch Hadorn et al. 2008, 3). It is a pillar of One Health approaches, with
scientists and nonacademic actors from several disciplines, including authorities
and communities, collaborating in the co-production of academic and practical
knowledge for the solving of societal problems (Schelling et al. 2008).

Tapping the Power of Data Science

Similarly, effective and judicious use of artificial intelligence (AI) and its subset,
machine learning (ML) can greatly improve One Health research and interventions.
Both AI and ML are being used with increasing frequency in domains across
science. Accessing all the necessary data and ensuring the capacity to integrate
them to address global challenges will require that One Health approaches include
computational scientists along with relevant subject matter experts. The recent
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advances in generative Al such as ChatGPT, have transformed discourse on the
future of AI-driven applications in modern human life, but they come with ethical,
legal, environmental, and social concerns (Harrer 2023).

Contributions of AI/ML models to human, animal, and environmental health span a
variety of applications:

o Disease surveillance and control. ML techniques have been used with different
data types (for example, geospatial, remote sensing textual, genomic, and
network data) to predict transmission patterns and outbreaks of pathogens and
diseases, such as Zika virus (Jiang et al. 2018), dengue (Scavuzzo et al. 2018),
and malaria (Haddawy et al. 2018); to forecast transmission of SARS-CoV-2
(Ward et al. 2022); to determine relevant disease outbreak information (Freifeld
et al. 2008); and to predict host-virus interactions to identify potentially zoonotic
viruses (Brownstein et al. 2023; Pandit et al. 2022; Poisot et al. 2023).

o Human health policy and planning. Algorithms such as XGBoost have been used
to identify patients who potentially have long COVID-19 and warrant care at
specialty clinics (Pfaff et al. 2022). ML models have also been used to predict
length of stay among health care workers in underserved communities in South
Africa, providing a means for planning and optimizing public health care
recruitment (Moyo et al. 2018).

o Food safety. Al-assisted detection of potential bacterial contamination in food
products opens up the possibilities of a framework for automated bacterial
detection for earlier detection and prevention of foodborne illnesses and
outbreaks (Ma et al. 2022).

o Food security and agriculture. Deep learning models have been used for image-
based plant disease detection, opening up the potential for crop disease diagnosis
on a global scale (Mohanty, Hughes, and Salathé 2016). Similarly, many other
applications of ML in agriculture include use for weed detection and soil
management (Coopersmith et al. 2014; Liakos et al. 2018; Pantazi et al. 2017).

o Wildlife health and conservation. Automation of animal identification in data
sets of upward of 3 million images has been demonstrated with deep learning
algorithms, with an accuracy similar to crowdsourced teams of human
volunteers. This method has the potential to reduce cost and to free up human
labor to solve more complex questions on animal behavior, ecosystem dynamics,
and wildlife conservation (Norouzzadeh et al. 2018).

o Climate. Cowls et al. (2021) discuss the many roles of Al in combatting climate
change, including for forecasting events associated with climate change, such
as prediction of wildlife probabilities (Jaafari et al. 2019). In addition, ML and
natural language processing methods have been used to systematically map
global research on climate and health (Berrang-Ford et al. 2021).

Big data and Al will drastically alter how worldwide monitoring systems operate to
detect pathogens and disease transmission (Osterhaus et al. 2020). Along with the
increased reliance and proliferation of AI models come associated challenges that
range from ethics underpinning AI models and the data they use to transparency,
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fairness, and the “possible exacerbation of social and ethical challenges already
associated with AI” (Cowls et al. 2021; refer also to Harrer 2023).

Digitization of data raises important concerns over the protection of Indigenous
knowledge and intellectual property rights, a longstanding issue across

Indigenous communities. Presently, however, no international accountability and
transparency measures or processes exist to assess whether global One Health
research meets Indigenous standards and principles of protection (Carroll et al.
2021). Consequently, open data processes must follow Indigenous sovereignty

and assertions outlined by both Tribal communities and individual rights. New
applications of One Health could serve as a catalyst to assess multisectoral data
challenges, improve intersectoral collaboration, and develop or improve Indigenous
data protection metrics for collective and individual rights.

One Health programs, initiatives, and operations can protect Indigenous knowledge
and cultural integrity by establishing a shared Indigenous community-based
process for review and authorization of research, including explicit recognition,
acknowledgment, and adequate compensation to Indigenous partners, knowledge
holders, and culture-bearers. For example, the Alaska Native Knowledge Network
provides guidelines for “documentation, representation, and utilization of
traditional cultural knowledge as they relate to the role of various participants,
including Elders, authors, curriculum developers, classroom teachers, publishers
and researchers” (ANKN 2022, 3). One Health guidelines for incorporation of
Indigenous knowledge systems in health mandates; diversity, equity, and inclusivity
efforts; and teaching within classrooms can prevent misuse and appropriation of
knowledge.

In consideration of the ethical concerns regarding the use of Al for health, WHO
(2021) has put forth five principles to support the adoption of ethical approaches by
governments and interested parties:

1. Protecting human autonomy. Use of Al should not undermine human autonomy
and should ensure protection of privacy and confidentiality. Valid informed
consent should be obtained through appropriate legal frameworks for data
protection.

2. Promoting human well-being and safety and the public interest. Use of Al
technologies should not cause harm, either mental or physical, to people.

3. Ensuring transparency, explainability, and intelligibility. Al technologies should
be transparent in their design, intelligible or understandable to the concerned
parties (including users), and appropriately explainable to those to whom they
are explained.

4. Fostering responsibility and accountability. Al use should be supervised by
humans, and in case of problems associated with AI technology, accountability
should be ensured via appropriate mechanisms.

5. Ensuring inclusiveness and equity. Al for health should be designed to “encourage
the widest possible appropriate, equitable use and access, irrespective of age, sex,

One Health: A Comprehensive Approach to Improving Global Health in a Changing World

93



gender, income, race, ethnicity, sexual orientation, ability or other characteristics
protected under human rights codes” (WHO 2021, xiii). In addition, Al
technologies should not be biased, especially against already marginalized
groups.

Keeping the principles for the ethical use of Al in mind, it is imperative that
governments, academic institutions, and organizations also fund research to support
the development of software tools in parallel with other academic and research
outputs (Jombart 2021). As seen during the COVID-19 pandemic, outbreak
analytics and disease modeling results inform the response to infectious disease
outbreaks (Kucharski, Funk, and Eggo 2020). Ensuring the impact and sustainability
of these tools will require prioritizing and supporting the development of high-
quality scientific software, including but not limited to that incorporating Al
approaches, especially for genomics.

Financing Mechanisms

Although ministries of health, agriculture and livestock, and the environment are
recognized as core to One Health implementation at the country level, ministries

of finance play perhaps the most critical function through their allocation and
supervision of national budgets. Even when political will for One Health is high,

the absence of domestic or donor financing hinders implementation of activities
and can lead to unsustainable programs. Lack of equity in financing—including
donor-driven projects that target specific issues but may not always address local
priorities—has resulted in uneven effort or focus from the concentration of available

resources.

From global to local levels, enabling coordination among sectors (ministries,
departments, and their stakeholders) in and between emergencies requires
simplifying budget and administrative procedures. Maintaining collaborations

and long-term commitments presents a critical challenge. Despite the devastating
multigenerational socioeconomic impacts of the COVID-19 pandemic, the
attention of global leaders is already being diverted to other issues, with a
demonstrable reversion of ministry and agency activities to prepandemic siloed
approaches. Improved coordination and cross-sectoral investments must continue
and should be paired with investments in sector-specific activities and programs
that support efficiency and effectiveness, including as part of existing and future
plans and priorities. Aside from epidemiological plausibility, a key consideration
for interventions must be feasibility, shaped in part by acceptability to stakeholders.
Factors including preference, values, and priorities can play a role in willingness to
accept (and, in some cases, pay for) interventions or other strategies. Resourcing
for subnational implementation is also crucial, including enabling action at local
levels. The local workforce, such as community human and animal health workers
and eco-guards, should be equipped and incentivized to work together. The role
of veterinary services can hardly be overemphasized, yet they are most often
underresourced.
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Although some financing gaps are likely to require new or additional resources,
existing resources can also be leveraged or repurposed under a One Health
approach, for example to develop synergies in programs for human, animal, plant,
and environmental health systems. The improvements of laboratories, information
systems, and immunization schedules offer potential examples.

CONCLUSIONS

The message is clear: the key to modern health problem-solving is to foster effective
partnerships and collaborations across sectors at local, national, regional, and global
levels and holistic identification of equitable solutions to complex global problems.
Those problems include local land use changes that affect living systems globally, the
climate crisis, food system instability, and challenges linked to infectious diseases.
Humanity can no longer ignore the suffering of the world’s poor and marginalized
peoples, the silencing of Indigenous Peoples’ voices, nor can we continue our
Western mainstream culture of inequities, colonialism, and oppression that
contributes to health and social inequities. We cannot continue to burn fossil fuels
and forests to support a lifestyle of excess that is rapidly becoming unsustainable.
And we cannot continue to address individual and global health using linear,
reductionist approaches that fail to consider or address the complexity of the social
and ecological systems that influence it (Mumford 2023; Mumford et al. 2023).

Despite the growing evidence base for the benefits of One Health and the recognized
need for greater coordination to maximize resources, uptake is still limited (Zinsstag
et al. 2023). The typical siloed ways of working result in budgets that are not readily
equipped to direct resources where needed, across sectors. Departments and
ministries have long histories of scope and operational arrangements that often end
up creating vertical programs with limited horizontal, agile capacities, especially
when roles and responsibilities are fragmented across multiple agencies, leaving gaps
and, in some cases, overlaps. Consequently, the typical starting point is “What can I
do?” versus “What needs to be done?” (Berthe et al. 2018). These issues of mandates,
capacity, and poor coordination affect ability to deliver on commitments. Equipping
key players to act and addressing gaps will require alignment across agencies,
reinforced by budget mechanisms (Berthe et al. 2018).

In 2022, the Quadripartite launched a One Health Joint Plan of Action with six
action tracks: (1) One Health capacities for health systems; (2) emerging and
reemerging zoonotic epidemics; (3) endemic zoonotic, neglected tropical, and
vector-borne diseases; (4) food safety risks; (5) antimicrobial resistance; and (6)
integrating the environment into One Health (FAO et al. 2022). The plan provides
concrete activities and metrics from which to build, with country and regional
implementation envisioned, as well as translation of the plan to the local context.
To support a coherent approach from agency engagement at the country level,
Resident Coordinators that oversee United Nations operations at the country
level are being engaged. This engagement and the role of National One Health
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Coordination Platforms, working closely with local champions, could potentially
increase the impact of One Health approaches across the sustainable development
agenda. These plans could be expanded to include activities that incorporate
Indigenous Peoples and their knowledge into all engagements, and increasing focus
on the inter-related issues of land use change, biodiversity loss, unsustainable food
systems (beyond food safety), and the climate crisis.

NOTES

1. Refer also to the US Centers for Disease Control and Prevention’s “One Health”
web page, https://www.cdc.gov/one-health/?CDC_AAref_Val=https://www.cdc.gov
/onehealth/global-activities/prioritization.html.

2. For more on One Health Workforce Academies, refer to the organization’s home page,
https://onehealthworkforceacademies.org; refer also to World Health Organization,
“Your New OpenWHO.org,” https://openwho.org/.

3. Planetary Health Alliance, “Planetary Health,” https://www.planetaryhealthalliance.org
/planetary-health (accessed April 7, 2023).

4. United Nations, Department of Economic and Social Affairs, Social Inclusion,

“2030 Agenda and Indigenous Peoples,” https://www.un.org/development/desa
/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals
-sdgs-and-indigenous.html.

5. For examples of One Health degree pathways across institutions or institutes, refer to
Frankson et al. (2016), Hillier et al. (2021), Riley et al. (2021), and Togami et al. (2018).

6. Refer also to the US Centers for Disease Control and Prevention’s “One Health Zoonotic
Disease Prioritization (OHZDP)” web page, https://www.cdc.gov/one-health/php
/prioritization/index.html.

REFERENCES

ANKN (Alaska Native Knowledge Network). 2022. “Guidelines for Respecting Cultural
Knowledge” ANKN, University of Alaska Fairbanks. http://ankn.uaf.edu/publications
/knowledge.html.

Barnhardt, Ray, and Oscar Kawagley. 1999. “Education Indigenous to Place: Western Science
Meets Indigenous Reality” In Ecological Education in Action, edited by G. Smith and
D. Williams. New York: SUNY Press.

Barrett, Andy, Amber Budden, S. Jeanette Clark, Natasha Haycock-Chavez, Noor Johnson,
Matthew B. Jones, Peter Pulsifer, et al. 2022. “Open Science: Best Practices, Data
Sovereignty and Co-production” Arctic Data Center, Navigating the New Arctic
Community Office, and ELOKA. https://learning.nceas.ucsb.edu/2022-03-assw/index
html.

Berger-Gonzalez, Monica, Katey Pelikan, Jakob Zinsstag, Seid Mohamed Ali, and Esther
Schelling. 2020. “Transdisciplinary Research and One Health.” In One Health: the Theory
and Practice of Integrated Health Approaches (second edition), edited by J. Zinsstag,

E. Schelling, L. Crump, M. Whittaker, M. Tanner, and C. Stephen, 57-70. CAB International.

Berrang-Ford, Lea, Anne J. Sietsma, Max Callaghan, Jan C. Minx, Pauline E D. Scheelbeek,
Neal R. Haddaway, Andy Haines, and Alan D. Dangour. 2021. “Systematic Mapping
of Global Research on Climate and Health: A Machine Learning Review.” The Lancet
Planetary Health 5 (8): e514-25. https://doi.org/10.1016/52542-5196(21)00179-0.

Berthe, Franck, Timothy Bouley, William B. Karesh, Francois G. Le Gall, Catherine Christina
Machalaba, Caroline Aurelie Plante, and Richard M. Seifman. 2018. “Operational
Framework for Strengthening Human, Animal and Environmental Public Health Systems

96 Investing in Pandemic Prevention, Preparedness, and Response | Siddhanth Sharma et al.


https://www.cdc.gov/one-health/?CDC_AAref_Val=https://www.cdc.gov/onehealth/global-activities/prioritization.html
https://www.cdc.gov/one-health/?CDC_AAref_Val=https://www.cdc.gov/onehealth/global-activities/prioritization.html
https://onehealthworkforceacademies.org�
http://OpenWHO.org
https://openwho.org/
https://www.planetaryhealthalliance.org/planetary-health
https://www.planetaryhealthalliance.org/planetary-health
https://www.un.org/development/desa/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals-sdgs-and-indigenous.html
https://www.un.org/development/desa/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals-sdgs-and-indigenous.html
https://www.un.org/development/desa/indigenouspeoples/focus-areas/post-2015-agenda/the-sustainable-development-goals-sdgs-and-indigenous.html
https://www.cdc.gov/one-health/php/prioritization/index.html
https://www.cdc.gov/one-health/php/prioritization/index.html
http://ankn.uaf.edu/publications/knowledge.html�
http://ankn.uaf.edu/publications/knowledge.html�
https://learning.nceas.ucsb.edu/2022-03-assw/index.html�
https://learning.nceas.ucsb.edu/2022-03-assw/index.html�
https://doi.org/10.1016/S2542-5196(21)00179-0�

at their Interface” World Bank, Washington, DC. http://documents.worldbank.org
/curated/en/703711517234402168/Operational-framework-for-strengthening-human
-animal-and-environmental-public-health-systems-at-their-interface.

Brownstein, John S., Benjamin Rader, Christina M Astley, and Huaiyu Tian. 2023. “Advances
in Artificial Intelligence for Infectious-Disease Surveillance” The New England Journal of
Medicine 388 (17): 1597-607. https://doi.org/10.1056/nejmra2119215.

Bucher, A., A. Dimov, G. Fink, N. Chitnis, B. Bonfoh, and J. Zinsstag. 2023. “Benefit-

Cost Analysis of Coordinated Strategies for Control of Rabies in Africa” Nature
Communications 14: 5370. https://doi.org/10.1038/s41467-023-41110-2.

Burnette, Catherine E., and Charles R. Figley. 2017. “Historical Oppression, Resilience,
and Transcendence: Can a Holistic Framework Help Explain Violence Experienced by
Indigenous People?” Social Work 62 (1): 37-44. https://doi.org/10.1093/sw/sww065.

Burnette, Catherine E., Caro B. Clark, and Christopher B. Rodning. 2018. “Living off the
Land’: How Subsistence Promotes Well-Being and Resilience among Indigenous Peoples
of the Southeastern United States” Social Service Review 92 (3): 369-400. https://doi.org
/10.1086/699287.

Carroll, Stephanie Russo, Edit Herczog, Maui Hudson, Keith Russell, and Shelley Stall. 2021.
“Operationalizing the CARE and FAIR Principles for Indigenous Data Futures.”

Scientific Data 8 (1). https://doi.org/10.1038/s41597-021-00892-0.

Carroll, Dennis, Peter Daszak, Nathan Wolfe, George E. Gao, Carlos Medicis Morel,
Subhash Morzaria, Ariel Pablos-Mendez, Oyewale Tomori, and Jonna A. K. Mazet. 2018.
“The Global Virome Project”” Science 359 (6378): 872-74. https://doi.org/10.1126/science
.aap7463.

Coopersmith, Evan J., Barbara S. Minsker, Craig E. Wenzel, and Brian J. Gilmore.

2014. “Machine Learning Assessments of Soil Drying for Agricultural Planning?”
Computers and Electronics in Agriculture 104 (June): 93-104. https://doi.org/10.1016/j
.compag.2014.04.004.

Cowls, Josh, Andreas Tsamados, Mariarosaria Taddeo, and Luciano Floridi. 2021. “The AI
Gambit: Leveraging Artificial Intelligence to Combat Climate Change—Opportunities,
Challenges, and Recommendations.” AI & Society 38 (1): 283-307. https://doi.org/10.1007
/s00146-021-01294-x.

Daszak, Peter, Andrew A. Cunningham, and Alex D. Hyatt. 2000. “Emerging Infectious
Diseases of Wildlife—Threats to Biodiversity and Human Health.” Science 287 (5452):
443-49. https://doi.org/10.1126/science.287.5452.443.

FAO (Food and Agriculture Organization of the United Nations). 2016. “Free Prior
and Informed Consent, An Indigenous Peoples’ Right and a Good Practice for
Local Communities: Manual for Project Partners” FAO, Rome. https://www.un.org
/development/desa/indigenouspeoples/publications/2016/10/free-prior-and-informed
-consent-an-indigenous-peoples-right-and-a-good-practice-for-local-communities-fao/.

FAO (Food and Agriculture Organization of the United Nations). 2023. “Ongoing Avian
Influenza Outbreaks in Animals Pose Risk to Humans.” News, July 12, 2023. https://www
.fao.org/animal-health/news-events/news/detail/ongoing-avian-influenza-outbreaks-in
-animals-pose-risk-to-humans/en.

FAO (Food and Agriculture Organization of the United Nations), UNEP (United Nations
Environment Programme), WHO (World Health Organization), and WOAH (World
Organisation for Animal Health). 2022. One Health Joint Plan of Action (2022-2026):
Working Together for the Health of Humans, Animals, Plants and the Environment. Rome:
FAO, UNEP, WHO, and WOAH. https://doi.org/10.4060/cc2289%en.

Frankson, Rebekah, William D. Hueston, Kira A Christian, Debra K Olson, Mary Lee, Linda
Valeri, Raymond R. Hyatt, Joseph Annelli, and Carol Rubin. 2016. “One Health Core
Competency Domains.” Frontiers in Public Health 4 (September). https://doi.org/10.3389
/fpubh.2016.00192.

One Health: A Comprehensive Approach to Improving Global Health in a Changing World

97


http://documents.worldbank.org/curated/en/703711517234402168/Operational-framework-for-strengthening-human-animal-and-environmental-public-health-systems-at-their-interface�
http://documents.worldbank.org/curated/en/703711517234402168/Operational-framework-for-strengthening-human-animal-and-environmental-public-health-systems-at-their-interface�
http://documents.worldbank.org/curated/en/703711517234402168/Operational-framework-for-strengthening-human-animal-and-environmental-public-health-systems-at-their-interface�
https://doi.org/10.1056/nejmra2119215�
https://doi.org/10.1038/s41467-023-41110-2�
https://doi.org/10.1093/sw/sww065�
https://doi.org/10.1086/699287�
https://doi.org/10.1086/699287�
https://doi.org/10.1038/s41597-021-00892-0�
https://doi.org/10.1126/science.aap7463�
https://doi.org/10.1126/science.aap7463�
https://doi.org/10.1016/j.compag.2014.04.004�
https://doi.org/10.1016/j.compag.2014.04.004�
https://doi.org/10.1007/s00146-021-01294-x�
https://doi.org/10.1007/s00146-021-01294-x�
https://doi.org/10.1126/science.287.5452.443�
https://www.un.org/development/desa/indigenouspeoples/publications/2016/10/free-prior-and-informed-consent-an-indigenous-peoples-right-and-a-good-practice-for-local-communities-fao/�
https://www.un.org/development/desa/indigenouspeoples/publications/2016/10/free-prior-and-informed-consent-an-indigenous-peoples-right-and-a-good-practice-for-local-communities-fao/�
https://www.un.org/development/desa/indigenouspeoples/publications/2016/10/free-prior-and-informed-consent-an-indigenous-peoples-right-and-a-good-practice-for-local-communities-fao/�
https://www.fao.org/animal-health/news-events/news/detail/ongoing-avian-influenza-outbreaks-in-animals-pose-risk-to-humans/en�
https://www.fao.org/animal-health/news-events/news/detail/ongoing-avian-influenza-outbreaks-in-animals-pose-risk-to-humans/en�
https://www.fao.org/animal-health/news-events/news/detail/ongoing-avian-influenza-outbreaks-in-animals-pose-risk-to-humans/en�
https://doi.org/10.4060/cc2289en�
https://doi.org/10.3389/fpubh.2016.00192�
https://doi.org/10.3389/fpubh.2016.00192�

98

Freifeld, Clark C., Kenneth D. Mandl, Ben Y. Reis, and John S. Brownstein. 2008. “HealthMap:
Global Infectious Disease Monitoring through Automated Classification and Visualization
of Internet Media Reports.” Journal of the American Medical Informatics Association 15 (2):
150-57. https://doi.org/10.1197/jamia.m2544.

Frieden, Thomas R., Christopher T. Lee, Aaron E. Bochner, Marine Buissonniere, and
Amanda McClelland. 2021. “7-1-7: An Organising Principle, Target, and Accountability
Metric to Make the World Safer from Pandemics” The Lancet 398 (10300): 638-40. https://
doi.org/10.1016/s0140-6736(21)01250-2.

Garritzmann, Julian, and Katrijn Siderius. 2024. “Introducing ‘Ministerial Politics’: Analyzing
the Role and Crucial Redistributive Impact of Individual Ministries in Policy-Making””
Governance 31 (1): €12859. https://doi.org/10.1111/gove.12859.

Gemmill-Herren, B., L. E. Baker, and P. A. Daniels, eds. 2021. True Cost Accounting for Food.
Balancing the Scale. Oxford: Routledge.

Grange, Zoe, Tracey Goldstein, Christine K. Johnson, Simon J. Anthony, Kirsten Gilardi,
Peter Daszak, Tammie O’Rourke, et al. 2021. “Ranking the Risk of Animal-to-Human
Spillover for Newly Discovered Viruses” PNAS 118 (15). https://doi.org/10.1073
/pnas.2002324118.

Greenwood, Margo, and Nicole Lindsay. 2019. “A Commentary on Land, Health, and
Indigenous Knowledge(s).” Global Health Promotion 26 (3_suppl): 82-86. https://doi
.org/10.1177/1757975919831262.

Haddawy, Peter, Ali Hussein Hasan, Rangwan Kasantikul, Saranath Lawpoolsri, Patiwat
Sa-Angchai, Jaranit Kaewkungwal, and Pratap Singhasivanon. 2018. “Spatiotemporal
Bayesian Networks for Malaria Prediction.” Artificial Intelligence in Medicine 84 (January):
127-38. https://doi.org/10.1016/j.artmed.2017.12.002.

Harrer, Stefan. 2023. “Attention Is Not All You Need: The Complicated Case of Ethically Using
Large Language Models in Healthcare and Medicine” EBioMedicine 90 (April): 104512.
https://doi.org/10.1016/j.ebiom.2023.104512.

Hillier, Sean, Abdul Taleb, Elias Chaccour, and Cécile Aenishaenslin. 2021. “Examining the
Concept of One Health for Indigenous Communities: A Systematic Review”” One Health
12 (June): 100248. https://doi.org/10.1016/j.onehlt.2021.100248.

Hiraldo, Danielle, Kyra James, and Stephanie Russo Carroll. 2021. “Case Report: Indigenous
Sovereignty in a Pandemic: Tribal Codes in the United States as Preparedness” Frontiers in
Sociology 6 (March). https://doi.org/10.3389/fs0c.2021.617995.

Hirsch Hadorn, Gertrude, Holger Hoffmann-Reim, Susette Biber-Klemm, Walter
Grossenbacher, Dominique Joye, Christian Pohl, Urs Wiesmann, and Elisabeth Zemp, eds.
2008. Handbook of Transdisciplinary Research. Springer.

Hueffer, Karsten, Mary F. Ehrlander, Kathy Etz, and Arleigh J. Reynolds. 2019. “One Health
in the Circumpolar North” International Journal of Circumpolar Health 78 (1): 1607502.
https://doi.org/10.1080/22423982.2019.1607502.

Hueffer, Karsten, Alan J. Parkinson, Robert F. Gerlach, and James Berner. 2013. “Zoonotic
Infections in Alaska: Disease Prevalence, Potential Impact of Climate Change and
Recommended Actions for Earlier Disease Detection, Research, Prevention and Control”
International Journal of Circumpolar Health 72 (1): 19562. https://doi.org/10.3402/ijch
.v72i0.19562.

Jaafari, Abolfazl, Eric K. Zenner, Mahdi Panahi, and Himan Shahabi. 2019. “Hybrid
Artificial Intelligence Models Based on a Neuro-Fuzzy System and Metaheuristic
Optimization Algorithms for Spatial Prediction of Wildfire Probability” Agricultural
and Forest Meteorology 266-267 (March): 198-207. https://doi.org/10.1016/j
.agrformet.2018.12.015.

Jiang, Dong, Mengmeng Hao, Fang Ding, Jingying Fu, and Meng Li. 2018. “Mapping the
Transmission Risk of Zika Virus Using Machine Learning Models.” Acta Tropica 185
(September): 391-99. https://doi.org/10.1016/j.actatropica.2018.06.021.

Investing in Pandemic Prevention, Preparedness, and Response | Siddhanth Sharma et al.


https://doi.org/10.1197/jamia.m2544�
https://doi.org/10.1016/s0140-6736(21)01250-2�
https://doi.org/10.1016/s0140-6736(21)01250-2�
https://doi.org/10.1111/gove.12859�
https://doi.org/10.1073/pnas.2002324118�
https://doi.org/10.1073/pnas.2002324118�
https://doi.org/10.1177/1757975919831262�
https://doi.org/10.1177/1757975919831262�
https://doi.org/10.1016/j.artmed.2017.12.002�
https://doi.org/10.1016/j.ebiom.2023.104512�
https://doi.org/10.1016/j.onehlt.2021.100248�
https://doi.org/10.3389/fsoc.2021.617995�
https://doi.org/10.1080/22423982.2019.1607502�
https://doi.org/10.3402/ijch.v72i0.19562�
https://doi.org/10.3402/ijch.v72i0.19562�
https://doi.org/10.1016/j.agrformet.2018.12.015�
https://doi.org/10.1016/j.agrformet.2018.12.015�
https://doi.org/10.1016/j.actatropica.2018.06.021�

Johnson, Noor, Matthew L. Druckenmiller, Finn Danielsen, and Peter Pulsifer. 2021.

“The Use of Digital Platforms for Community-Based Monitoring.” BioScience 71 (5):
452-66. https://doi.org/10.1093/biosci/biaal 62.

Jombart, Thibaut. 2021. “Why Development of Outbreak Analytics Tools Should Be Valued,
Supported, and Funded.” The Lancet Infectious Diseases 21 (4): 458-59. https://doi
.org/10.1016/s1473-3099(20)30996-8.

Kelly, Terra, William Karesh, Christine Kreuder Johnson, Kirsten Gilardi, Simon Anthony,
Tracey Goldstein, Sarah Olson, et al. 2017. “One Health Proof of Concept: Bringing a
Transdisciplinary Approach to Surveillance for Zoonotic Viruses at the Human-Wild
Animal Interface” Journal of Preventive Veterinary Medicine 137(Pt B): 112-18. https://doi
.0org/10.1016/j.prevetmed.2016.11.023.

Kelly, Terra, Catherine Machalaba, William Karesh, Paulina Zielinska Crook, Kirsten Gilardi,
Julius Nziza, Marcela Uhart, et al. 2020. “Implementing One Health Approaches to
Confront Emerging and Re-Emerging Zoonotic Disease Threats: Lessons from PREDICT”
One Health Outlook 2 (1). https://doi.org/10.1186/s42522-019-0007-9.

Kucharski, Adam J., Sebastian Funk, and Rosalind M Eggo. 2020. “The COVID-19 Response
Iustrates That Traditional Academic Reward Structures and Metrics Do Not Reflect
Crucial Contributions to Modern Science” PLOS Biology 18 (10): €3000913. https://doi
.org/10.1371/journal.pbio.3000913.

Larsson, D. G. Joakim, and Carl-Fredrik Flach. 2021. “Antibiotic Resistance in the
Environment.” Nature Reviews Microbiology 20 (5): 257-69. https://doi.org/10.1038/s41579
-021-00649-x.

Liakos, Konstantinos, Patrizia Busato, Dimitrios Moshou, Simon Pearson, and Dionysis
Bochtis. 2018. “Machine Learning in Agriculture: A Review.” Sensors 18 (8): 2674.
https://doi.org/10.3390/518082674.

Ma, Luyao, Jiyoon Yi, Nicharee Wisuthiphaet, Mason Earles, and Nitin Nitin. 2022.
“Accelerating the Detection of Bacteria in Food Using Artificial Intelligence and Optical
Imaging” Applied and Environmental Microbiology 89 (1). https://doi.org/10.1128/aem
.01828-22.

Martinez, Stephanie, Ava Sullivan, Emily Hagan, Jonathan Goley, Jonathan H. Epstein, Kevin
J. Olival, Karen Saylors, et al. 2022. “Living Safely with Bats: Lessons in Developing and
Sharing a Global One Health Educational Resource” Global Health, Science and Practice
10 (6): €2200106. https://doi.org/10.9745/ghsp-d-22-00106.

Masaquiza Jerez, Mirian. 2021. “Challenges and Opportunities for Indigenous Peoples’
Sustainability” United Nations Department of Economic and Social Affairs. https://www
.un.org/development/desa/dspd/wp-content/uploads/sites/22/2021/04/PB_101.pdf.

McKinley, Catherine E. 2022. ““We Were Always Doing Something Outside. ... I Had a
Wonderful, Wonderful Life’: U.S. Indigenous Peoples’ Subsistence, Physical Activity,
and the Natural World” SSM - Qualitative Research in Health 2 (December): 100170.
https://doi.org/10.1016/j.ssmqr.2022.100170.

Mindekem, Rolande, Monique Léchenne, Kemdongarti Service Naissengar, Assandi
Oussiguéré, Bidjeh Kebkiba, Doumagoum Moto Daugla, Idriss Oumar Alfaroukh, et al.
2017. “Cost Description and Comparative Cost Efficiency of Post-Exposure Prophylaxis
and Canine Mass Vaccination against Rabies in N'Djamena, Chad.” Frontiers in Veterinary
Science 4 (April).

Mohanty, Sharada P, David Hughes, and Marcel Salathé. 2016. “Using Deep Learning
for Image-Based Plant Disease Detection.” Frontiers in Plant Science 7 (September).
https://doi.org/10.3389/fpls.2016.01419.

Montesanti, S., and W. E. Thurston. 2016. “Engagement of Indigenous Peoples in One-Health
Education and Research” In One Health Case Studies: Addressing Complex Problems in a
Changing World, 346-55. 5M Publishing.

Moyo, Sangiwe, Tuan Nguyen Doan, Jessica Yun, and Ndumiso Tshuma. 2018. “Application
of Machine Learning Models in Predicting Length of Stay among Healthcare Workers

One Health: A Comprehensive Approach to Improving Global Health in a Changing World

99


https://doi.org/10.1093/biosci/biaa162�
https://doi.org/10.1016/s1473-3099(20)30996-8�
https://doi.org/10.1016/s1473-3099(20)30996-8�
https://doi.org/10.1016/j.prevetmed.2016.11.023�
https://doi.org/10.1016/j.prevetmed.2016.11.023�
https://doi.org/10.1186/s42522-019-0007-9�
https://doi.org/10.1371/journal.pbio.3000913�
https://doi.org/10.1371/journal.pbio.3000913�
https://doi.org/10.1038/s41579-021-00649-x�
https://doi.org/10.1038/s41579-021-00649-x�
https://doi.org/10.3390/s18082674�
https://doi.org/10.1128/aem.01828-22�
https://doi.org/10.1128/aem.01828-22�
https://doi.org/10.9745/ghsp-d-22-00106�
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2021/04/PB_101.pdf�
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2021/04/PB_101.pdf�
https://doi.org/10.1016/j.ssmqr.2022.100170�
https://doi.org/10.3389/fpls.2016.01419�

100

in Underserved Communities in South Africa” Human Resources for Health 16 (1).
https://doi.org/10.1186/s12960-018-0329-1.

Mtui-Malamsha, Niwael, Justine A. Assenga, Emmanuel S. Swai, Faraja Msemwa,

Selemani Makungu, Harrison Chinyuka, Jubilate Bernard, et al. 2020. “Subnational
Operationalization of One Health: Lessons from the Establishment of One Health Rapid
Response Teams in Tanzania.” Transactions of the Royal Society of Tropical Medicine and
Hygiene 114 (7): 538-40. https://doi.org/10.1093/trstmh/trz138.

Mumford, Elizabeth. 2023. “One Health Policy and Practice: Evolution towards More
Sustainable Impact” PhD Thesis, University of Surrey, UK.

Mumford, Elizabeth, Deniss J. Martinez, Karli Tyance-Hassell, Alasdair Cook, Gail R.
Hansen, Ronald Labonté, Jonna A. K. Mazet, et al. 2023. “Evolution and Expansion of
the One Health Approach to Promote Sustainable and Resilient Health and Well-Being:
A Call to Action” Frontiers in Public Health 10 (January). https://doi.org/10.3389/fpubh
.2022.1056459.

Nadasdy, Paul. 1999. “The Politics of Tek: Power and the ‘Integration’ of Knowledge” Arctic
Anthropology 36 (1/2): 1-18. http://www.jstor.org/stable/40316502.

Norouzzadeh, Mohammad Sadegh, Anh Nguyen, Margaret Kosmala, Alexandra Swanson,
Meredith S. Palmer, Craig Packer, and Jeff Clune. 2018. “Automatically Identifying,
Counting, and Describing Wild Animals in Camera-Trap Images with Deep Learning”
PNAS 115 (25). https://doi.org/10.1073/pnas.1719367115.

OHHLEP (One Health High-Level Expert Panel), Wiku Adisasmito, Salama Almuhairi, Casey
Barton Behravesh, Pépé Bilivogui, Salome A. Bukachi, Natalia Casas, et al. 2022. “One
Health: A New Definition for a Sustainable and Healthy Future” PLOS Pathogens 18 (6):
€1010537. https://doi.org/10.1371/journal.ppat.1010537.

Osterhaus, Albert D. M. E., Chris Vanlangendonck, Maurizio Barbeschi, Christianne J. M.
Bruschke, Renee Christensen, Peter Daszak, Frouke De Groot, et al. 2020. “Make Science
Evolve into a One Health Approach to Improve Health and Security: A White Paper” One
Health Outlook 2 (1). https://doi.org/10.1186/s42522-019-0009-7.

Ostrom, Elinor. 2015. Governing the Commons: The Evolution of Institutions for Collective
Action. Cambridge University Press. http://www.loc.gov/catdir/enhancements/fy1606
/2015487909-d.html.

Pandit, Pranav, Simon J. Anthony, Tracey Goldstein, Kevin J. Olival, Megan Doyle, Nicole R.
Gardner, Brian H. Bird, et al. 2022. “Predicting the Potential for Zoonotic Transmission
and Host Associations for Novel Viruses.” Communications Biology 5 (1). https://doi
.org/10.1038/s42003-022-03797-9.

Pantazi, Xanthoula Eirini, Alexandra A. Tamouridou, Thomas Alexandridis, Anastasia
L. Lagopodi, Javid Kashefi, and Dimitrios Moshou. 2017. “Evaluation of Hierarchical
Self-Organising Maps for Weed Mapping Using UAS Multispectral Imagery.”

Computers and Electronics in Agriculture 139 (June): 224-30. https://doi.org/10.1016/j
.compag.2017.05.026.

Patterson, Grace T., Lian F Thomas, Lucy Coyne, and Jonathan Rushton. 2020. “Moving
Health to the Heart of Agri-Food Policies; Mitigating Risk from Our Food Systems.”
Global Food Security 26 (September): 100424. https://doi.org/10.1016/j.gfs.2020.100424.

Pelican, Katharine M., Stephanie J. Salyer, Casey Barton Behravesh, Guillaume Belot, Maud
Carron, E Caya, Stéphane De La Rocque, et al. 2019. “Synergising Tools for Capacity
Assessment and One Health Operationalisation” Revue Scientifique et Technique de I'Office
International des Epizooties 38 (1): 71-89. https://doi.org/10.20506/rst.38.1.2942.

Pfaff, Emily, Andrew T. Girvin, Tellen D. Bennett, Abhishek Bhatia, Ian M. Brooks, Rachel
Deer, Jonathan Dekermanjian, et al. 2022. “Identifying Who Has Long COVID in the
USA: A Machine Learning Approach Using N3C Data” The Lancet Digital Health 4 (7):
€532-41. https://doi.org/10.1016/s2589-7500(22)00048-6.

Poisot, Timothée, Marie-Andrée Ouellet, Nardus Mollentze, Maxwell J. Farrell, Daniel Becker,
Liam Brierley, Gregory F. Albery, et al. 2023. “Network Embedding Unveils the Hidden

Investing in Pandemic Prevention, Preparedness, and Response | Siddhanth Sharma et al.


https://doi.org/10.1186/s12960-018-0329-1�
https://doi.org/10.1093/trstmh/trz138�
https://doi.org/10.3389/fpubh.2022.1056459�
https://doi.org/10.3389/fpubh.2022.1056459�
http://www.jstor.org/stable/40316502�
https://doi.org/10.1073/pnas.1719367115�
https://doi.org/10.1371/journal.ppat.1010537�
https://doi.org/10.1186/s42522-019-0009-7�
http://www.loc.gov/catdir/enhancements/fy1606/2015487909-d.html�
http://www.loc.gov/catdir/enhancements/fy1606/2015487909-d.html�
https://doi.org/10.1038/s42003-022-03797-9�
https://doi.org/10.1038/s42003-022-03797-9�
https://doi.org/10.1016/j.compag.2017.05.026�
https://doi.org/10.1016/j.compag.2017.05.026�
https://doi.org/10.1016/j.gfs.2020.100424�
https://doi.org/10.20506/rst.38.1.2942�
https://doi.org/10.1016/s2589-7500(22)00048-6�

Interactions in the Mammalian Virome.” Patterns 4 (6): 100738. https://doi.org/10.1016/j
.patter.2023.100738.

PREDICT Consortium. 2020. Advancing Global Health Security at the Frontiers of Disease
Emergence. One Health Institute, University of California, Davis.

Reo, Nicholas J., and Kyle Powys Whyte. 2011. “Hunting and Morality as Elements of
Traditional Ecological Knowledge” Human Ecology 40 (1): 15-27. https://doi.org/10.1007
/$10745-011-9448-1.

Riley, Tamara, Neil Anderson, Raymond Lovett, Anna Meredith, Bonny Cumming, and
Joanne Thandrayen. 2021. “One Health in Indigenous Communities: A Critical Review of
the Evidence” International Journal of Environmental Research and Public Health 18 (21):
11303. https://doi.org/10.3390/ijerph182111303.

Rizzo, David M., Maureen Y. Lichtveld, Jonna A. K. Mazet, Eri Togami, and Sally A.

Miller. 2021. “Plant Health and Its Effects on Food Safety and Security in a One Health
Framework: Four Case Studies.” One Health Outlook 3 (1). https://doi.org/10.1186/s42522
-021-00038-7.

Rockstrom, Johan, Will Steffen, Kevin J. Noone, Asa Persson, E Stuart Chapin, Eric E
Lambin, Timothy M. Lenton, et al. 2009. “A Safe Operating Space for Humanity.” Nature
461 (7263): 472-75. https://doi.org/10.1038/461472a.

Ross-Hellauer, Tony. 2022. “Open Science, Done Wrong, Will Compound Inequities.” Nature
603 (7901): 363. https://doi.org/10.1038/d41586-022-00724-0.

Roth, Felix, Jakob Zinsstag, Dontor Orkhon, G. Chimed-Ochir, Guy Hutton, Ottorino Cosivo,
Guy Carrin, and Joachim Otte. 2003. “Human Health Benefits from Livestock Vaccination
for Brucellosis: Case Study” Bulletin of the World Health Organization. 81 (12): 867-76.

Rushton, Jonathan, Barbara Hisler, Nicoline De Haan, and Ruth Rushton. 2012. “Economic
Benefits or Drivers of a “One Health” Approach: Why Should Anyone Invest?”
Onderstepoort Journal of Veterinary Research 79 (2): a461. https://doi.org/10.4102/0jvr
v79i2.461.

Rushton, Jonathan, Barry J. McMahon, Mary E. Wilson, Jonna A. K. Mazet, and Bhavani
Shankar. 2021. “A Food System Paradigm Shift: From Cheap Food at Any Cost to
Food within a One Health Framework” NAM Perspectives 11 (November). https://doi
.0rg/10.31478/202111b.

Salzburg Global Seminar. 2020. “New Timeliness Metrics Seek to Improve Pandemic
Preparedness.” Salzburg Global Seminar, May 04, 2020. https://www.salzburgglobal
.org/news/latest-news/article/new-timeliness-metrics-seek-to-improve-pandemic
-preparedness.

Scavuzzo, Juan M., Francisco Trucco, Manuel Espinosa, Carolina B. Tauro, Marcelo Abril,
Carlos M. Scavuzzo, and Alejandro C. Frery. 2018. “Modeling Dengue Vector Population
Using Remotely Sensed Data and Machine Learning” Acta Tropica 185 (September):
167-75. https://doi.org/10.1016/j.actatropica.2018.05.003.

Schelling, Esther, Kaspar Wyss, Mahamat Bechir, Doumagoum Moto Daugla., and Jakob
Zinsstag. 2005. “Synergy between Public Health and Veterinary Services to Deliver
Human and Animal Health Interventions in Rural Low Income Settings” BM]J 331 (7527):
1264-67. https://doi.org/10.1136/bmj.331.7527.1264.

Schelling, Esther, Kaspar Wyss, Colette Diguimbaye, Mahamat Bechir, Moustapha Ould
Taleb, Bassirou Bonfoh, Marcel Tanner, and Jakob Zinnstag. 2008. “Towards Integrated
and Adapted Health Services for Nomadic Pastoralists” In Handbook of Transdisciplinary
Research, edited by G. Hirsch Hadorn, H. Hoffmann-Reim, S. Biber-Klemm,

W. Grossenbacher, D. Joye, C. Pohl, U. Wiesmann, and E. Zemp, 277-91. Springer.

Smith, Kristine, Catherine C. Machalaba, Richard Seifman, Yasha Feferholtz, William B.
Karesh. 2019. “Infectious Disease and Economics: The Case for Considering Multi-sectoral
Impacts” One Health 7 (June): 100080. https://doi.org/10.1016/j.onehlt.2018.100080.

Togami, Eri, Casey Barton Behravesh, Tracey Dutcher, Gail R. Hansen, Lonnie King, Katharine
M. Pelican, and Jonna A. K. Mazet. 2023. “Characterizing the One Health Workforce to

One Health: A Comprehensive Approach to Improving Global Health in a Changing World

101


https://doi.org/10.1016/j.patter.2023.100738�
https://doi.org/10.1016/j.patter.2023.100738�
https://doi.org/10.1007/s10745-011-9448-1�
https://doi.org/10.1007/s10745-011-9448-1�
https://doi.org/10.3390/ijerph182111303�
https://doi.org/10.1186/s42522-021-00038-7�
https://doi.org/10.1186/s42522-021-00038-7�
https://doi.org/10.1038/461472a�
https://doi.org/10.1038/d41586-022-00724-0�
https://doi.org/10.4102/ojvr.v79i2.461�
https://doi.org/10.4102/ojvr.v79i2.461�
https://doi.org/10.31478/202111b�
https://doi.org/10.31478/202111b�
https://www.salzburgglobal.org/news/latest-news/article/new-timeliness-metrics-seek-to-improve-pandemic-preparedness�
https://www.salzburgglobal.org/news/latest-news/article/new-timeliness-metrics-seek-to-improve-pandemic-preparedness�
https://www.salzburgglobal.org/news/latest-news/article/new-timeliness-metrics-seek-to-improve-pandemic-preparedness�
https://doi.org/10.1016/j.actatropica.2018.05.003�
https://doi.org/10.1136/bmj.331.7527.1264
https://doi.org/10.1016/j.onehlt.2018.100080�

102

Promote Interdisciplinary, Multisectoral Approaches in Global Health Problem-Solving”
PLOS One 18 (5): €0285705. https://doi.org/10.1371/journal.pone.0285705.

Togami, Eri, Jennifer L. Gardy, Gail R. Hansen, George Poste, David M. Rizzo, Mary E.
Wilson, and Jonna A. K. Mazet. 2018. “Core Competencies in One Health Education:
What Are We Missing?” NAM Perspectives 8 (6). https://doi.org/10.31478/201806a.

United Nations. 2007. “Resolution Adopted by the General Assembly, 13 September 2007:
United Nations Declaration on the Rights of Indigenous Peoples” A/RES/61/295, United
Nations, New York. https://social.desa.un.org/sites/default/files/migrated/19/2018/11
JUNDRIP_E_web.pdf.

UNSIC (United Nations System Influenza Coordination) and World Bank. 2010. “Animal
and Pandemic Influenza: A Framework for Sustaining Momentum. Fifth Global Progress
Report.” United Nations and World Bank. https://openknowledge.worldbank.org/handle
/10986/18202.

Ward, Thomas, Alexander Johnsen, Stanley Ng, and Frangois Chollet. 2022. “Forecasting
SARS-CoV-2 Transmission and Clinical Risk at Small Spatial Scales by the Application
of Machine Learning Architectures to Syndromic Surveillance Data.” Nature Machine
Intelligence 4 (10): 814-27. https://doi.org/10.1038/s42256-022-00538-9.

Watkins, David A., Rachel Nugent, Helen Saxenian, Gavin Yamey, Kristen Danforth, Eduardo
Gonzalez-Pier, Charles N. Mock, et. al. 2017. “Intersectoral Policy Priorities for Health?”
Chapter 2 in Disease Control Priorities (third edition), Volume 9, edited by D. T. Jamison,
H. Gelband, S. Horton, P. Jha, R. Laxminarayan, C. N. Mock, and R. Nugent. Washington,
DC: World Bank.

WHO (World Health Organization). 2019. “Antimicrobial Stewardship Programmes in
Health-Care Facilities in Low- and Middle-Income Countries: A WHO Practical Toolkit”
World Health Organization, Geneva. https://apps.who.int/iris/handle/10665/329404.

WHO (World Health Organization). 2016. “International Health Regulations (2005), 3rd ed”
World Health Organization, Geneva. https://apps.who.int/iris/handle/10665/246107.

WHO (World Health Organization). 2021. Ethics and Governance of Artificial Intelligence
for Health: WHO Guidance. Geneva: World Health Organization. https://www.who.int
/publications-detail-redirect/9789240029200.

WHO (World Health Organization). 2022. “Mpox (Monkeypox) Outbreak 2022 World
Health Organization, Geneva. https://www.who.int/emergencies/situations/monkeypox
-oubreak-2022.

WHO (World Health Organization). 2023. “Global Research Agenda for Antimicrobial
Resistance in Human Health” World Health Organization, Geneva. https://www.who
.int/publications/m/item/global-research-agenda-for-antimicrobial-resistance-in-human
-health.

WHO (World Health Organization), FAO (Food and Agriculture Organization of the United
Nations), and OIE (World Organisation for Animal Health). 2019. Taking a Multisectoral,
One Health Approach: A Tripartite Guide to Addressing Zoonotic Diseases in Countries.
Geneva: WHO. https://apps.who.int/iris/handle/10665/325620.

WHO (World Health Organization) Regional Committee for Africa, 72. 2022. “Regional
Strategy for Health Security and Emergencies 2022-2030: Report of the Secretariat”
WHO, Lomé, Republic of Togo. https://apps.who.int/iris/handle/10665/361858.

Woods, A., M. Bresalier, A. Cassidy, and R. Mason Dentinger. 2017. Animals and the Shaping
of Modern Medicine: One Health and Its Histories. Springer.

World Bank. 2012. “People, Pathogens and Our Planet: The Economics of One Health”
World Bank, Washington, DC. http://documents.worldbank.org/curated/en
/612341468147856529/People-pathogens-and-our-planet-the-economics-of-one-health.

World Bank. 2022. “Putting Pandemics behind Us: Investing in One Health to Reduce Risks
of Emerging Infectious Diseases.” World Bank, Washington, DC.

World Bank, World Health Organization, Food and Agriculture Organization of the United
Nations, United Nations Children’s Fund, United Nations System Influenza Coordination,

Investing in Pandemic Prevention, Preparedness, and Response | Siddhanth Sharma et al.


https://doi.org/10.1371/journal.pone.0285705�
https://doi.org/10.31478/201806a�
https://social.desa.un.org/sites/default/files/migrated/19/2018/11/UNDRIP_E_web.pdf�
https://social.desa.un.org/sites/default/files/migrated/19/2018/11/UNDRIP_E_web.pdf�
https://openknowledge.worldbank.org/handle/10986/18202�
https://openknowledge.worldbank.org/handle/10986/18202�
https://doi.org/10.1038/s42256-022-00538-9�
https://apps.who.int/iris/handle/10665/329404�
https://apps.who.int/iris/handle/10665/246107�
https://www.who.int/publications-detail-redirect/9789240029200�
https://www.who.int/publications-detail-redirect/9789240029200�
https://www.who.int/emergencies/situations/monkeypox-oubreak-2022�
https://www.who.int/emergencies/situations/monkeypox-oubreak-2022�
https://www.who.int/publications/m/item/global-research-agenda-for-antimicrobial-resistance-in-human-health�
https://www.who.int/publications/m/item/global-research-agenda-for-antimicrobial-resistance-in-human-health�
https://www.who.int/publications/m/item/global-research-agenda-for-antimicrobial-resistance-in-human-health�
https://apps.who.int/iris/handle/10665/325620�
https://apps.who.int/iris/handle/10665/361858�
http://documents.worldbank.org/curated/en/612341468147856529/People-pathogens-and-our-planet-the-economics-of-one-health�
http://documents.worldbank.org/curated/en/612341468147856529/People-pathogens-and-our-planet-the-economics-of-one-health�

and World Organisation for Animal Health. 2008. “Contributing to One World, One
Health: A Strategic Framework for Reducing Risks of Infectious Diseases at the Animal-
Human-Ecosystems Interface” Consultation Document. https://www.preventionweb
.net/publication/contributing-one-world-one-health-strategic-framework-reducing-risks
-infectious.

Zinsstag, Jakob, Andrea Kaiser-Grolimund, Kathrin Heitz-Tokpa, Rajesh Sreedharan,

Juan Lubroth, Francois Caya, Matthew Stone, et al. 2023. “Advancing One Human-
Environmental-Animal Health for Global Health Security: What Does the Evidence Say?”
The Lancet. https://doi.org/10.1016/S0140-6736(22)01595-1.

Zinsstag, Jakob, Esther Schelling, Lisa Crump, Maxine Whittaker, Marcel Tanner, and Craig
Stephen, eds. 2020. One Health: The Theory and Practice of Integrated Health Approaches
(second edition). CAB International.

Zinsstag, Jakob, Esther Schelling, David Waltner-Toews, Maxine Whittaker, and Marcel
Tanner, eds. 2015. One Health: The Theory and Practice of Integrated Health Approaches.
CAB International.

Zinsstag, Jakob, Esther Schelling, Kaspar Wyss, and Mahamat Béchir Mahamat. 2005.
“Potential of Cooperation between Human and Animal Health to Strengthen Health
Systems.” The Lancet 366 (9503): 2142-45. https://doi.org/10.1016/s0140-6736(05)67731-8.

Zinsstag, Jakob, Jurg Utzinger, Nicole Probst-Hensch, L. V. Shan, and Xiao-Nong Zhou.
2020. “Towards Integrated Surveillance-Response Systems for the Prevention of Future
Pandemics.” Infectious Diseases of Poverty 9 (1): 140. https://doi.org/10.1186/s40249-020
-00757-5.

One Health: A Comprehensive Approach to Improving Global Health in a Changing World

103


https://www.preventionweb.net/publication/contributing-one-world-one-health-strategic-framework-reducing-risks-infectious�
https://www.preventionweb.net/publication/contributing-one-world-one-health-strategic-framework-reducing-risks-infectious�
https://www.preventionweb.net/publication/contributing-one-world-one-health-strategic-framework-reducing-risks-infectious�
https://doi.org/https://doi.org/10.1016/S0140-6736(22)01595-1�
https://doi.org/10.1016/s0140-6736(05)67731-8�
https://doi.org/10.1186/s40249-020-00757-5�
https://doi.org/10.1186/s40249-020-00757-5�




	3 One Health: A Comprehensive Approach to Improving Global Health in a Changing World

