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Veterinarian vaccinating a cow 
at a livestock farm.

Young man receiving a 
COVID-19 vaccine during 
an immunization clinic at 
a vaccination center.
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The One Health Conceptual 
Framework

Emergence of the Environmental 
Context of One Health

The insignia of several agencies ded-
icated to health and healing depict an 
animal, a snake, coiled around a potent 
staff. Various interpretations have been 
offered to explain the symbolic meaning 
of the Rod of Asclepius, but its represen-
tation of intertwined human health and 
animal health suggests a long history of 
relatively recent attempts, including the 
One Health framework, to define human 
health in the context of interconnected-
ness with other organisms.1 The debate 
about what health means for the human 
population is rekindled during periods 
of increasingly apparent and frequent 
impacts of disease outbreaks and pan-
demics, biodiversity loss, climate change, 
deforestation, unsustainable population 
growth, and forced migration. The One 
Health concept is often framed as a path-
way to sustainability because it links bio-
diversity, particularly regarding wildlife 
and agricultural animals, to human 
health, with the environment playing an 
intermediary role.2 However, some inves-
tigators have argued that environmental 
sustainability is undervalued and under-
studied in the One Health framework.3 
In response, the United Nations 
Environment Program (UNEP) recently 
joined the tripartite Food and Agriculture 
Organization (FAO), World Organization 
for Animal Health (OIE), and World 
Health Organization (WHO) to recom-
mend establishment of a One Health 
High-Level Expert Council, including all 
four agencies and key international 
experts on human, animal, environment 
and social sciences. This council aims to 
“collect, distribute and publicize reliable 
scientific information on the links 
between human, animal and environ-
mental health in order to assist public 
officials make appropriate decisions to 
address future crises and to inform citi-
zens.”4 The ongoing COVID-19 pan-
demic, which likely originated through 
the spillover of a coronavirus (SARS-
Cov-2) from an animal reservoir to 

human populations5 and certainly spread 
and perpetuated through transmission 
by environmental media, is a powerful 
reminder of the transformative potential 
of the One Health framework, and pro-
vides a timely opportunity to investigate 
gaps in the framework with particular 
emphasis on scholarship and institu-
tional barriers that marginalize the envi-
ronmental context as a late invitee to the 
tripartite (Figure 1).

The practical application of research 
linking human health to animal health 
can be traced to the work of Edward 
Jenner (1749–1823), whose role was piv-
otal in the development of vaccination 
after observing the relationship between 
smallpox and cowpox.6 However, it was 
Rudolf Virchow (1821–1902) who coined 
the term zoonosis to define the spillover 
of pathogens from animals to humans, a 
main concern of the One Health concep-
tual framework.7 In 1947, the establish-
ment of the Division of Veterinary Public 
Health by the U.S. Centers for Disease 
Control and Prevention (CDC) initiated 
the imperative for institutional oversight 
of zoonotic diseases, even as the aca-
demic and professional infrastructures 
for animal health and human health 
sought their independent identities. By 
introducing the phrase “One Medicine,” 
Calvin Schwabe (1927–2006) strength-
ened the professional collaboration and 
academic foundation for One Health, 
although the transition from “One 
Medicine” to “One Health” remained a 
fledgling concept until 2007, when  
the American Veterinary Medical 
Association and the American Medical 
Association established a bond to 
strengthen their collaboration, and rep-
resentatives of the more than 100 coun-
tries and more than 20 international 
organizations convened in the wake of 
avian and pandemic influenza to secure 
the One Health concept.8

Institutional Limitations of One 
Health and Environment

To fully grasp the scope of One 
Health and the limitations of the insti-
tutional context of the framework, it is 

important to understand the intersec-
tion of knowledge gaps and policy dif-
ferences among the foundational 
agencies. The World Health Organization 
currently defines One Health generically 
as an “approach to designing and imple-
menting programmes, policies, legisla-
tion and research in which multiple 
sectors communicate and work together 
to achieve better public health out-
comes.” This definition is arguably indis-
tinguishable from those adopted by 
multidisciplinary frameworks such as 
the socioecological model of public 
health and its emphasis on systems 
thinking. One Health is perhaps best 
recognized through the dominance of 
specific academic and professional dis-
ciplines that have embraced the frame-
work, including, for example, veterinary 
medicine. Formal inclusion of the envi-
ronmental context in One Health did not 
occur until 2008, when the Food and 
Agricultural Organization (FAO), Office 
International des Epizooties (OIE, or 
World Organization for Animal Health), 
and the World Health Organization 
(WHO), UNICEF, the World Bank, and 
the United Nations System Influenza 
Coordination collaborated to develop a 
strategic framework for reducing risks 
of infectious diseases at the animal–
human–ecosystem interface. Soon after, 
in 2009, the CDC established the One 
Health Office, and the U.S. Agency for 
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International Development (USAID) 
began investing in programs to build 
infrastructure and workforce for One 
Health capacities at the local, national, 
and regional levels for early detection of 
emerging pandemic threats. More than 
a decade since, the direct inclusion of the 
environmental context within the  
One Health tripartite shows marginal 
participation, demonstrable in part by 
the absence of the United Nations 
Environment Program (UNEP) in the 
implementation of One Health initia-
tives until 2017 in the case of antimicro-
bial resistance, which rapidly became a 
looming threat to derail a century of 
progress to curb infectious pathogens. It 
wasn’t until 2021 that UNEP was for-
mally invited to join the One Health 
“tripartite alliance” consisting of FAO, 
OIE, and WHO to form a more inclusive 
quartet.9 However, the role of environ-
mental sustainability and ecosystem ser-
vices in One Health remains cloudy even 
now, in the middle of the COVID-19 

pandemic. In parallel with United 
Nations efforts to better integrate UNEP 
into the alliance for One Health, other 
international sectors recognized the 
global problem presented by climate 
change as perhaps the most significant 
environmental challenge confronting 
humanity, and its absence or marginal 
treatment in the One Health framework. 
The COVID-19 pandemic was likely 
already incubating on October 25,  
2019, when Germany’s Climate and 
Environmental Foreign Policy Division 
of the Federal Foreign Office collabo-
rated with Wildlife Conservation Society 
to convene a “One Planet, One Health, 
One Future” conference that resulted in 
a Call-to-Action codified as the “Berlin 
Principles,” a set of 10 items emphasizing 
the integration of ecosystem health and 
integrity and urgent topics including  
climate change and antimicrobial 
resistance.10

The emergence and evolution of  
various high-level alliances, forums, 

working groups, principles, academic 
journals, and training programs in One 
Health is clearly recognizable. It is 
important to now ask what went wrong 
in the One Health framework that con-
tributed to the colossal failure to prevent 
a pandemic such as COVID-19, or at 
least to diagnose and curb the pathogen 
spillover event soon after the outbreak.11 
I argue here that the emergence of One 
Health as a multidisciplinary academic 
and professional concept has struggled 
to progress toward implementation in 
part because of the late integration of 
environmental context and sustainability 
science. There is need for more thought 
and action to dissolve the research silos 
to fully realize the potential for imple-
menting One Health ideas, starting with 
development of capacity for method-
ological infrastructure and competent 
workforce in integrative surveillance, 
particularly in the environmental net-
works that support human and ani-
mal health.

Figure 1. Farms are major nodes in the spillover of pathogens from  
animal populations to human populations, and vice versa. In the case  

of an experimental pig farm designed to minimize the risk from zoonoses and 
antibiotic resistance in southeast Asia, wastewater and solid waste manure are 
properly treated, and visitors to the location are warned about the biosecurity 

precautions, including disinfection of shoes before entry. 

Photographs from the author, Oladele A. Ogunseitan.
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Progressing From One Health 
Concept to Implementation 
Science

An Inclusive Agenda for 
Implementation Science of One 
Health and the Environment

Implementation science is typically 
considered the systematic study of the 
gap between efficacy, the outcome of an 
intervention under ideal conditions, and 
effectiveness, the realistic outcome under 
normal conditions, which may vary 
widely between geographical locations 
under the influence of political, socio-
economic, behavioral, and cultural attri-
butes. A review of more than 50 
peer-reviewed articles labeled with 
implementation science revealed a wide 
range of definitions and concepts, but 
with the common theme of progressing 
from the generation of evidence to the 
interpretation and of knowledge to prac-
tice in a scientific way.12 Particularly, the 
One Health framework is heavily domi-
nated by theoretical constructs about 
why close collaboration between special-
ists in human health, animal health, and 
ecosystem/environmental health should 
generate effectiveness of strategies to pre-
vent pathogen spillover events and zoo-
notic disease outbreaks. It is difficult to 
argue against such theories, but the sci-
entific evidence of the effectiveness of 
such collaboration and the translation of 
knowledge to practice are even more 
difficult.

The inaugural editorial for a new 
journal entitled One Health & Imp-
lementation Research emphasized multi-
disciplinary and transdisciplinary work 
within the One Health approach, to be 
enabled by collaboration with communi-
ties and policymakers, among other 
stakeholders.13 Broad recognition of the 
need to progress from concepts and defi-
nitions to actions that may have been 
occluded without the One Health para-
digm was highlighted at the 2010 meet-
ing.14 The meeting was hosted by the 
CDC at the request of and in close col-
laboration with the tripartite FAO, OIE, 
and WHO, and focused on policy and 
economic dimensions. The relatively 

early interest in transitioning from con-
ceptual framework to implementing One 
Health strategies seemed to have stalled 
in the interim between the disease out-
breaks of the last decade, including 
MERS, SARS, and Zika, and the current 
COVID-19 pandemic. The devastation 
of the global economy due to the 
COVID-19 pandemic will rekindle inter-
est of investors in One Health. Such 
investments should be guided by new 
knowledge and strategies captured by 
complementarity with sustainability sci-
ence and implementation science, both 
equally powerful transdisciplinary 
frameworks that explicitly account for 
the integration of local knowledge and 
collective action.

The agenda for One Health imple-
mentation science is both urgent and 
broad, spanning the spectrum of how 
disease outbreak surveillance is inte-
grated across animal, human, and envi-
ronmental contexts, to strategic 
management of ecosystem services and 
human nutrition, and how we design cit-
ies of millions of people who at any time 
may come under quarantine or shelter-
in-place orders. We must revive how we 
inspect commercial food environments, 
and the definition of individual personal 
space and operation of public transpor-
tation. The perspective that pathogen 
spillover events will occur independently 
or sequentially is probably too optimistic. 
The pessimistic view is that overlapping 
outbreaks and pandemics will not pro-
vide sufficient time and opportunities to 
learn important lessons and use our 
knowledge to prepare for the next big 
one. Cultivating the tenets of implemen-
tation science within One Health can 
improve preventive strategies designed 
for environmental surveillance and early 
warning systems, while also reducing the 
time lapse between emergency signals 
and outbreak response.

Clinical aspects of human and animal 
health care systems make them amenable 
to the applications of implementation 
science, which is reflected in the majority 
of research literature on the topic. 
However, environmental health science 
has progressed more slowly toward the 
adoption of implementation science. The 

U.S. National Institute of Environmental 
Health Sciences (NIEHS) acknowledges 
the difficulty of implementation of evi-
dence-based interventions across popu-
lations. But this difficulty can be 
addressed through carefully designed 
research studies if environmental health 
is to fulfill the promise of the next fron-
tier of implementation science. The sec-
ond theme of the strategic plan of the 
NIEHS is to promote translation of data 
to knowledge to action. This theme is 
particularly relevant to natural disaster 
response and climate change. Among the 
earliest applications of implementation 
science to global environmental prob-
lems is research on clean cooking fuels 
to prevent the large burden of respiratory 
diseases in middle- and low-income 
countries, highlighting the One Health 
context of the linkages between defor-
estation and human health. The intersec-
tion of local knowledge, technological 
innovation, social–ecological resources, 
and behavioral and cultural factors make 
the clean fuel case an important tem-
plate for implementing evidence-based 
interventions.15

Abiotic components of environmental 
systems are potentially influential but not 
necessarily required for the spillover of 
pathogens from animal populations to 
human hosts. For example, direct contact 
infections are relatively easy to document 
when humans handle animals through 
wildlife hunting, wet market transac-
tions, and food processing. Numerous 
zoonotic pathogens, including those 
responsible for notorious outbreaks, are 
transmitted through such direct path-
ways. Thus, surveillance field epidemiol-
ogy in the One Health framework 
emphasizes sampling and monitoring of 
animal populations and attempts to link 
data from hospitals regarding incidence 
of reportable diseases to centralized pop-
ulation health data systems. Rabies is a 
good example of such zoonotic diseases 
with direct spillover and minimal or no 
role for environmental transmission. In 
such cases, mass vaccination of animal 
reservoirs is the evidence-based inter-
vention, and the local configuration of 
community campaigns is the subject of 
implementation science studies.16
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In the following sections, specific 
examples are presented to highlight gaps 
in the implementation of One Health-
oriented solutions to major environmen-
tal challenges.

Environmental Change and 
Zoonoses

For many other zoonotic diseases 
where environmental systems directly 
influence pathogen spillover from ani-
mal populations to human hosts, the role 
of environmental surveillance has not 
been adequately integrated into the One 
Health framework from the perspective 
of implementation science. For exam-
ples, water-borne cryptosporidiosis and 
soil-borne coccidioidomycosis are case 
studies for truly integrative surveillance 
infrastructure for One Health that must 
include environmental microbiology 
and monitoring of physical environmen-
tal parameters. The etiologic agent of 
cryptosporidiosis is the parasitic proto-
zoa of the Cryptosporidium genus,  
which is distributed worldwide. 
Cryptosporidium is transmitted through 
the fecal–mouth route primarily in nat-
ural aquatic ecosystems, through urban 
water distribution systems, or through 
food, in part because the pathogen can 
resist water-purification strategies  
such as chlorination. Cryptosporidiosis 
occurs problematically in young or 
immunocompromised humans and can 
infect a wide range of wildlife and 
domesticated animals. The symptoms, 
mild to severe diarrhea, can be difficult 
to pin to this One Health poster disease 
without effective environmental surveil-
lance based on advanced molecular bio-
logical diagnostic tools.17

Each year in the United States, approxi-
mately 200 people die from valley fever 
(coccidioidomycosis) caused by infections 
with soil-borne Coccidioidomyces fungi. 
Valley fever is endemic in the southeast-
ern region of the United States and in 
regions of Central and South America. 
Coccidioidomyces species are sensitive to 
soil temperature, acidity, and other physi-
cochemical environmental conditions. 
Environmental exposure to the fungal 
spores is enhanced through disturbance of 

dry soil and dust, which occurs during 
drought conditions or construction proj-
ects. In addition to humans, valley fever 
occurs in animals, particularly domesti-
cated dogs and wild coyotes. Farm animals, 
including sheep and horses, are also vulner-
able. The geographical zone occupied by 
coccidioidomycoses has been shown to be 
sensitive to climate change, and implemen-
tation of preventive strategies must include 
environmental surveillance to complement 
existing programs in hospital reports of 
diagnosis in humans and veterinary cases, 
all purportedly essential skills associated 
with implementation of One Health-
oriented interventions.18

Environmental Context of Antibiotic 
Resistance

Before the COVID-19 pandemic, 
antibiotic resistance was largely consid-
ered the most significant emerging infec-
tious disease threat to public health in the 
United States, and in many ways also to 
global health security. According to the 
U.S. Centers for Disease Control and 
Prevention, antibiotic-resistant infec-
tions account for more than 2.8 million 
cases in the United States each year, 
among which more than 35,000 people 
die. The notorious multiply resistant 
Clostridioides difficile infected 223,900 
patients in 2017, killing at least 12,800 
people. The economic cost of treating 
multiply resistant pathogens exceeds $4.6 
billion annually. It is well recognized that 
the excessive use of antibiotics in hospi-
tals and prophylactic use of antibiotics in 
agriculture are major drivers of the 
spread of antibiotic resistance among 
human bacterial pathogens, and several 
incentives and policy interventions are 
being implemented to combat antibiotic 
resistance in those circumstances. 
However, the environmental context of 
antibiotic resistance has not progressed 
much beyond research to implementable 
practice in terms of routine environmen-
tal surveillance and interventions 
designed to disrupt the emergence and 
spread of resistant pathogens in, for 
example, wastewater from farms and 
households. In many national action 
plans to combat antibiotic resistance, the 

environmental context may be acknowl-
edged, but there are no coordinated strat-
egies to implement solutions, although 
public awareness is growing regarding 
the dangers of discarding expired antibi-
otics into sewer systems or landfills.19

Toxic Environmental Pollutants

Environmental toxicology has long 
been a major cornerstone of environ-
mental surveillance and epidemiology. 
Outdoor air quality monitors have been 
installed in many regions of the United 
States plagued by particulate matter  
and other noxious emissions from  
mobile (e.g., automobiles) and stationary  
(e.g., industrial smokestacks) sources. 
Childhood exposure to lead (Pb) is mon-
itored through mandated screening  
of blood lead levels, and the U.S.  
CDC National Health and Nutrition 
Examination Surveys (NHANES) 
includes markers for environmental expo-
sures to pesticides, persistent organic 
chemicals, and “forever chemicals” that 
have led to interventions that are imple-
mented nationally through regulatory 
policies and public education. It is rare, 
however, to encounter an integrative One 
Health approach for these environmental 
health initiatives. The recent wildfires 
driven by climate change in the western 
regions of the United States have prompted 
emergency interventions, and the sale of 
indoor air quality monitors has increased, 
but the impacts on wildlife animals have 
not been clearly linked in these responses. 
Similarly, the major initiatives to remove 
toxic lead from numerous human con-
sumer products such as gasoline, electron-
ics, and batteries are only recently being 
extended to bullets used by wildlife hunt-
ers, because of the legacy of biomagnifi-
cation of lead poisoning. Perhaps the most 
significant environmental gap in the One 
Health framework for implementation 
science is the role of toxic pesticides in 
agriculture, landscape management, and 
domestic home-level applications. The 
gap can be traced to the original focus of 
the One Health framework in attempts to 
predict and control zoonotic infections. It 
is clear that both humans and animals 
depend on plants for survival, and their 
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livelihoods are intricately connected 
through plant health. In the current One 
Health framework, plants have been 
included in the environment subframe, 
with the result of marginalizing the effec-
tiveness of the framework in dealing with 
major risks such as mycotoxins in animal 
and human food, pesticide residues, and 
other toxic disease contaminants.20

Emerging Environmental Pollutants

Much attention is currently being 
focused on the problem of microplastics 
in the environment and their potential 
impact on human health. This emerging 
topic has not yet been framed as an oppor-
tunity for the One Health framework to 
implement broad-ranging prevention 
strategies. In 2019, the World Health 
Organization called for more research to 

assess the impacts of microplastics in the 
environment and their effects on human 
health. This call followed a report that 
documented the prevalence of microplas-
tics in drinking water. The impact of 
microplastics on the health of marine life 
has not been prominent, a situation that 
should change with the full integration of 
the environment domain in One Health 
implementation science framework. In 
the marine environment, the health of 
several animal species has been shown to 
be compromised by ingestion of micro-
plastics, although the demonstration has 
focused on the physical form of the plas-
tics. The real damage could be due to toxic 
chemicals associated with plastic compo-
nents, including endocrine-disrupting 
chemicals.21 Wastewaters from pharma-
ceutical manufacturing facilities and agri-
cultural farms are major sources of 

pharmaceutical products released into the 
environment, including human and ani-
mal hormones that potentially disrupt 
growth and development in a wide variety 
of nontarget species. Pharmaceutical and 
personal care products in aquatic environ-
ments have been shown to affect, for 
example, morphological development of 
amphibians, reptiles, and other aquatic 
organisms. 22 Environmental surveillance 
to inform solutions such as regulatory 
policies to phase out certain chemicals or 
to monitor their presence in human tis-
sues (e.g., bisphenol-A) need to be 
extended to domestic and wild animal 
populations under a reformed One Health 
framework that fully integrates the envi-
ronmental domain in its implementation 
(Figure 2).

The examples presented here are not 
exhaustive and do not indicate a deliberate 

Figure 2. An example disease prevention strategy within the One Health framework is 
public education and facilitation to avoid environmental contamination with 

pharmaceutical products such as antibiotics, hormones, and potential endocrine-
disrupting chemicals. In this situation in Brazil, a waste medication disposal 

structure is prominently displayed at a grocery store that also dispenses medication. 

Photographs from the author, Oladele A. Ogunseitan.
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neglect of the environmental context of the 
One Health framework and its implemen-
tation but indicate a collective intimidation 
by the complexity of the challenge posed by 
disentangling the role of environmental 
systems in promoting, buffering, or medi-
ating diseases at the intersection of humans 
and animals. To overcome that initial intim-
idation requires reassessment of One 
Health framework objectives for research, 
education, and practice to implement sus-
tainable solutions to population health 
problems that are increasingly global 
in scope.

Toward an Integrative One 
Health Environment

Bridging Gaps in the Research Scope 
of One Health Environment

Research development with implemen-
tation of early warning system is the holy 
grail of One Health’s concept to stabilize 
global health security through preventing 
pathogen spillover from animal popula-
tions to human hosts. Applications of the 
One Health approach include the use of 
sentinel animal species, which have long 

been used to warn human communities of 
dangers lurking in the environment. For 
reasons associated with the ethical treat-
ment of nonhuman species and the warn-
ing efficiency, many traditional sentinel 
species have been replaced by highly sen-
sitive sensors. For example, in 1986, British 
law required miners to replace live canary 
birds, which were introduced for that pur-
pose in 1911, with electronic carbon mon-
oxide sensors, which were determined to 
be more sensitive.23 Research on and 
development of biomarkers of environ-
mental health have advanced significantly 
over the past century. However, integration 
of environmental health instruments into 
the One Health framework has lagged in 
comparison to integration of clinical data 
human and animal health in the preven-
tion of zoonotic diseases (Figure 3 and 
Figure 4).

The argument for expanding the 
research scope of One Health research 
beyond infectious zoonotic diseases is  
difficult to make in the aftermath of the 
COVID-19 pandemic for which the world 
was ill-prepared, despite having more than 
two decades of attempts to define and oper-
ationalize One Health through the agenda 
for global health security. The presumptive 
failure of One Health in the COVID-19 
pandemic case does not justify a search for 
another paradigm. Rather, it is a reason to 
redouble efforts to refine the scope and 
principles of One Health and to move the 
rhetoric closer to the emerging framework 
of implementation science. The full integra-
tion of the environmental context is deemed 
essential for the implementation of solu-
tions informed by the One Health concept. 
The linkages between biodiversity and all 
its phylogenetic branches (animal, plant, 
and microbial) and human health are mod-
ified by physicochemical environmental 
systems, which alone are the subject of the 
emerging field of planetary health. Climate 
change, the impetus for planetary health is 
the defining environmental sustainability 
issue of our times, and the connection of the 
phenomenon to the habitats of humans, 
animals, and plants is evident. Increasingly, 
climate change is also recognized as a major 
factor in the habitats and movement of 
microorganisms, including pathogens.  
It is imperative that we improve current 

Sea turtles can eat plastic bags, mistaking them for jellyfish.

Microplastics found in sand on beaches causes environmental pollution and affects the ecosystem.
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Figure 3. In highly visited and curated animal parks such as Foz do Iguaçu in South 
America, contact between humans and wildlife occurs constantly, and there is a 

frequent need for environmental surveillance and waste management. 

Figure 4. In tourist havens that also serve as habitats for local communities  
and a wide range of biological diversity, as in the depicted case of Tanzania’s 

Ngorongoro Park, the potential for pathogen spillover events is high, justifying  
the implementation of strong environmental surveillance programs  

to inform coordinated early warning systems. 
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Photographs from the author, Oladele A. Ogunseitan.

Photographs from the author, Oladele A. Ogunseitan.
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understanding of how environmental sys-
tems mediate the outcome of population 
health problems analyzed within the One 
Health framework, and the role of variable 
environmental parameters in implement-
ing evidence-based solutions.24

A way to bridge the research gap is to 
provide financial incentives in terms of 
research grants and scholarship to scien-
tists and students collaborating on One 
Health projects. Currently, One Health-
oriented research is fragmented across 
funding agencies, at least in the United 
States. The standard model used by the 
National Institutes of Health to fund indi-
vidual investigator-initiated scientific 
projects may not be ideal. Instead, the 
interdisciplinary funding models that also 
emphasize institutional capacity develop-
ment, such as the National Center for 
Advancing Translation Science, are more 
appropriate. The infusion of research 
funding to address the COVID-19 pan-
demic will likely dissipate when the pan-
demic is eventually conquered. Then will 
be the time not simply to reallocate the 
funds to other sectors, but to institution-
alize a prospective National Center for 
One Health Implementation Science.

Bridging Educational Gaps in One 
Health Environment

The initial step to improve the situation 
of environmental domain in the One 
Health framework is defining what a One 
Health professional ought to know about 
environmental systems. There may be no 
need to shift the focus of One Health from 
zoonotic diseases, if it is accepted that the 
trajectories of such diseases are influenced 
by issues such as climate change and expo-
sures to toxic chemicals that compromise 
immune response. Integrating such under-
standing into educational programs 
focused on One Health will require major 
investments from multilateral agencies 
working to move toward implementation 
of sustainable solutions.

In most parts of the world, there are 
three categories of opportunities for train-
ing the personnel to protect populations 
from infectious disease threats of zoonotic 
origins. The first category is the academic 
institutions, universities, and colleges, 
where we educate the researchers, teachers, 

and professionals, particularly in the degree 
programs in health sciences, human med-
icine and nursing, veterinary medicine, 
public health, environmental science, and 
pharmacy, among others. In most cases, the 
training delivered in university classrooms 
is incomplete, and we require the second 
category or opportunity, which is within 
the workforce. Hence, we have internships 
and residency training for most of the 
workforce, and we have continuing profes-
sional development. The third category, 
which is underappreciated with minimal 
investment, is the opportunity existing in 
local communities that are intimately con-
nected to local environments. This is of 
course the oldest form of education about 
zoonoses, in which how to navigate the 
intersection of animals, human livelihood, 
and environmental conditions has been 
passed down from generation to genera-
tion over long periods of time. The local 
professions in this category are the farmers, 
hunters, food preparers, and market ven-
dors. This is about the local guardians of 
water and solid waste management, and 
how communities maintain the quality of 
the local environment.

About two decades ago, it became 
increasingly clear that there are major gaps 
in these three categories of opportunities 
for training. The effect of these gaps is 
recognizable in the major zoonotic out-
breaks that occurred over this period, 
including swine flu, bird flu, Ebola, MERS, 
SARS, and quite likely COVID-19. At the 
universities, there are gaps in training of 
health professionals—veterinarians, public 
health practitioners, doctors, nurses, agri-
culturists. We have rudimentary interpro-
fessional education sprinkled through 
heavily packed and impacted curricula. 
There are gaps between what we teach in 
universities and the functions of employed 
front-line workers and programmatic lead-
ers, whereby graduates are not quite ready 
to hit the ground running when they are 
employed to prevent zoonotic pathogen 
spillovers and outbreaks.

Historically, educational gaps have 
been bridged by mergers of disciplines into 
independent departments. Examples 
include molecular biology and biophysics. 
Degree programs in One Health are begin-
ning to appear in the curricula of major 
universities, but there is no organization 

that provides quality assurance, and core 
competencies are still being debated. An 
international consensus on these compe-
tencies and how to implement their deliv-
ery and assessment through credentialing 
and continuing professional development 
is necessary, and the institutionalization 
and quality assurance of such a credential 
should be prioritized by the professional 
training schools entrusted with delivering 
potential employees capable of working 
collaboratively to secure global health.

Bridging Translational Gaps in One 
Health Environment

Finally, there are gaps in translating 
what we know how to do in the ministries 
of health, ministries of wildlife and envi-
ronment, food or drug administration, 
and community engagement and local 
knowledge. The One Health framework 
acknowledged these gaps and is trying to 
fill them with competency-based interdis-
ciplinary training at the university level for 
the future workforce and continuing pro-
fessional development within the current 
workforce. Field experiences, including 
field or environmental epidemiology 
training that cuts across the health profes-
sions with strong community engagement, 
are part of the solution. The international 
agencies at the helm of One Health (WHO, 
OIE, FAO, UNEP) should continue to col-
laborate with increased emphasis on 
implementation of cross-cutting solutions. 
The term “tripartite” should be jettisoned 
not only to signal the inclusion of UNEP, 
but also to leave the door open for other 
partners. Similar collaboration needs to be 
nurtured at the country level across min-
istries or departments of health, environ-
ment, agriculture, and (for the United 
States), Food and Drug Administration. 
Selecting cross-cutting problems such as 
antibiotic resistance is a way to stimulate 
these collaborations beyond the rhetoric 
toward effective action.

Bridging the gaps between scientific 
knowledge and action informed by One 
Health to implement preventive strate-
gies including policies and program 
development requires integration of var-
ious interdisciplinary and interprofes-
sional frameworks that currently 
compete for attention in scholarly 
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journals, in funding agencies, and in the 
agenda of international negotiation 
forums. For example, the absence of One 
Health context in the United Nations 
Sustainable Development Goals (SDGs) 
compromises the likelihood of meeting 
targets for health encoded in SDG-3, 
“Ensure healthy lives and promote well-
being for all at all ages,” in part because 
challenges such as nutrition are inextri-
cably linked to ecosystem health, animal 
health, wildlife diversity, and population 
distribution.25 In this context, One 
Health science and sustainability science 
share an agenda that needs better artic-
ulation to highlight synergistic opportu-
nities, including the need to address the 
inequalities in access to health care and 
social support systems that exacerbate 
impacts of risk factors such as disease 
outbreaks and climate change. The pat-
terns of health inequality revealed by the 
trajectory of COVID-19 pandemic, in 
countries rich and poor, and the diffi-
culty of negotiating a transformative pol-
icy solution to climate change mitigation 
that became apparent during the 26th 
Conference of Parties to the United 
Nations Climate Program have shown a 

clear need for convergence of scientific 
frameworks and advocacy coalition.26

If we achieve improvements within 
these three categories and successfully 
bridge pathways across the gaps, the world 
will have a successful early warning system 
of monitoring and surveillance to prevent 
pathogen spillovers (and where we cannot 
do so), to prevent zoonotic outbreaks from 
becoming pandemics.
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