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COVID-19 was mandated to provide evidence-informed perspectives on major societal challenges
in response to and recovery from COVID-19.

The Task Force established a series of Working Groups to rapidly develop Policy Briefings, with
the objective of supporting policy makers with evidence to inform their decisions.
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Time for a Paradigm Shift

Leading up to the COVID19 pandemic, there was an acceleration of global zoonotic pathogen
activity. It is now abundantly clear that we have established socioecological conditions that
favour zoonotic pathogen amplification, spillover, spread, and disease. Yet, we continue to fail
to recognize the interconnectedness among determinants of health for all animals’, including
humans, and ecosystems; the drivers of pathogen emergence; and the disproportionate impact of
emerging zoonoses on racialized or economically disadvantaged people, women, and Indigenous
communities.

One Health proposes a paradigm to address issues at the intersection of society, health, and
the environment. The One Health view recognizes that the health of living beings and the land
are interdependent. A collaborative approach to complex challenges, One Health highlights the
need for diverse perspectives to identify potential actions that maximize health for all lands and
animals, including humans.

Given the enormous global impact of the COVID-19 pandemic, greatly exacerbated by the intra-
pandemic emergence of novel variants of concern (VOCs), and multiple, ongoing outbreaks of
highly pathogenic avian influenza (HPAI) in Canada (Canadian Food Inspection Agency, 2022),
there is a pressing need for a deeper understanding of the interface where humans and other
animals interact in their shared environment, and the intersecting biological, ecological, and
socioecological factors contributing to the emergence, spread, and impact of zoonotic diseases.
The SARS-CoV-2 pandemic was heralded by international outbreaks of SARS-CoV in 2003 and
Middle East respiratory syndrome coronavirus (MERS-CoV). However, significant pre-pandemic
gaps persisted in coronavirus surveillance and research on coronavirus virology, ecology, and
the development of medical countermeasures. We also failed to anticipate and mitigate the
disproportionate impact of COVID-19 on marginalized populations at higher risk of exposure
and severe disease; and, we did not predict the effect non-pharmaceutical interventions would
have on health, education, and livelihoods. In brief, we did not embrace or sustain a One Health
approach to viral zoonoses. These failures resulted from both a limited understanding of viral
biology and drivers of emergence and disease, as well as from a lack of political will.

In Canada, there is a groundswell of One Health initiatives and a burgeoning community of practice.
Leadership from the animal health and veterinary medicine sectors has been central to establishing
One Health approaches to collaborative research, as well as curriculum and policy development
in a range of sectors at regional and national levels. These sectors include academia, often seated
in faculties of veterinary medicine; federal government; and the private sector. Organizations
focused on wildlife and global health such as the Canadian Wildlife Health Cooperative (CWHC)
and the International Development Research Centre (IDRC) have longstanding connections to
One Health, and some schools of public health and the environment are also actively engaged in
One Health discourse.

A resilient and sustainable structure for a One Health approach must be tied to function and a
clear One Health agenda for Canada, accompanied by established tasks, timelines, milestones,

1 Because Homo sapiens, or humans, are mammals, we often refer to other animals to distinguish them from
humans. Where the term animals is used alone, we are generally implying non-human animals.
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and support for execution. There is a need for diverse groups of policymakers and decision-
makers to work together with other sectors of society in the design of programs and solutions,
with active inclusion of community members and Indigenous knowledge holders and scholars.

Further inaction is not an acceptable option—radical change is desperately needed, beginning
by reorienting our approach to health and recalibrating our perspectives to restore balance with
the natural world in a rapid and sustainable fashion. In Canada, a major paradigm shift in how we
think about health is required. All of society must recognize the intrinsic value of all living species
and the importance of health of ecosystems and all animals to health for all. The priorities we set
today will determine the future of generations to come; we are directly accountable to them for
the decisions we make in this moment, a responsibility we can neither deny nor ignore. While
many hope for a return to normal, we must remind ourselves of the predisposing factors that
enabled this pandemic. This is a critical opportunity to address these complex factors. Health
must be understood as a shared goal with other animals and the land, to ensure wellness for all.

Recommendations

Here we use a functional framework (Figure 1) of

interconnected,  but  distinct  groups  of
TR recommendations to facilitate review and framing
Leadership for decision and policy makers. Urgent, time-

sensitive recommendations are denoted with an
asterisk (¥).

Strategy
and
Governance

Strategic Recommendations

Education

feat By galvanizing and expanding One Health
Recearch initiatives in Canada, there is excellent potential for
a sustainable national strategy on One Health to
Figure 1. Framework for interconnected groups  emerge to ensure that One Health considerations
of recommendations. are foregrounded for emerging zoonoses and
other pressing issues such as climate change. Currently, there is no obvious government entity
responsible for coordinating or supporting One Health in Canada. The following recommendations
address current gaps in governance, spanning an inter-ministerial, all-of-government approach,
biosecurity, international policy, and meaningful inclusion of an Indigenous knowledge framework.

1. *Establish a One Health Council to develop, coordinate and implement a One Health
Action Plan for Canada with immediate focus on emerging zoonotic pathogens. The
Council must include experts and representatives from all relevant academic disciplines
and ministries of the Government of Canada, as well as key non-governmental partners.
The Council should be tasked with examining the policies, programs, and financial and
legislative support of agencies, organizations, and institutions related to One Health
at the nexus of Canadian and Indigenous Peoples, domestic and wild animals, plants,
ecosystems, and the economy and society, focusing initially on emerging zoonoses and
drivers of zoonotic pathogen spillover.

2. Appoint a Special Advisor on One Health to the federal ministers responsible for health.
In addition to providing advice, they would play a key role in the One Health Council.
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3. *Establish a Global One Health Security Office which would be mandated to monitor
and mitigate all manner of external biological threats to Canada, and with the Council,
incorporate clear objectives for One Health into Canadian foreign policy to position Canada
as a global leader and champion for global health and security, as part of a One Health
Action Plan.

4. *Develop and implement an Indigenous Engagement and Knowledge Policy
Framework for One Health and ensure that the One Health Action Plan accounts for
and addresses the United Nations Declaration on the Rights of Indigenous Peoples and
the Truth and Reconciliation Commission’s Calls to Action. All levels of government must
establish frameworks for inclusion of Indigenous Peoples Engagement and Knowledge
systems in addressing One Health challenges.

Technical Leadership and Operational Recommendations

One of the principles of One Health is to leverage existing resources, tools, and programs. Many
of these exist in Canada but have not been fully developed, implemented, or operated in a
sustainable and coordinated fashion to (1) consistently generate accessible data for informed
decision-making or (2) actively protect and nurture health and wellness for all animals (including
humans) and the land. The following recommendations address technical and operational

leadership around surveillance data collection and sharing, as well as critical programs for animal
and land health.

5. *Implement and sustainably fund the Pan-Canadian Approach to Wildlife Health, as
approved by all levels of Government in 2018. The Approach must be put into action
immediately.

6. *Expand and coordinate existing human, other animal, and environmental emerging
pathogens surveillance and biomonitoring activities through Centres of Excellence in
One Health to generate health intelligence for decision-making and research by linking
teams of scientists, diagnosticians, practitioners, epidemiologists, and public health experts
to action surveillance data and other relevant data sources.

7. Develop best practices for the collection, analysis, and sharing of surveillance data, and
characterization of emerging pathogens. Key activities must be underpinned by principles
of biosafety and biosecurity. Scientists, diagnosticians, practitioners, epidemiologists, and
public health experts must also collaborate to harmonize and share data, materials, and
protocols.

8. Commit to Other Effective Conservation Measures, Indigenous Protected and
Conserved Areas, and Indigenous-led surveillance activities while applying First Nations'’
ownership, control, access, and possession principles.

Equity Recommendations

The burdens of zoonoses and other challenges such as the climate crisis are not borne equally.
When these disproportionately affect different communities, the impacts are often linked to
pre-existing and systemic inequities. The exacerbation of various health inequities during the
COVID-19 pandemic underscores the need for a comprehensive and inclusive approach, such
as One Health. The following recommendations address some gaps in our understanding and
commitment to underrepresented and over-affected populations.

Strengthening a One Health Approach to Emerging Zoonoses
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9. Engage community groups and communication scholars to help devise better access to
timely, effective, and trustworthy information to populations in situations of vulnerability.

10. Collect consistent and disaggregated social and demographic health data to identify
health inequities to reduce the impact of emerging infectious diseases.

11. *Ensure that Canada’s commitment to social equality is advanced by applying gender-
based analysis plus (GBA+) to the analysis of all data, with meaningful inclusion of equity
deserving groups, when developing interventions as part of a One Health Action Plan for
Canada.

Education and Research Recommendations

The implementation of One Health curricula has been limited for One Health-related continuing
education in medicine and other university faculties, learning environments, and public schools.
In addition, One Health-focused research funding has been sparse in Canada, with few streams
or review panels with the multi- or interdisciplinary perspectives and mixed-methods expertise to
evaluate One Health research applications. Some priority announcements for One Health-related
challenges have been supported, but these are primarily focused on human health, narrow in
scope, limited in funding, and do not allow for wider-ranging One Health proposals, particularly
for animal and ecosystem health. One Health education and research are essential to promoting
awareness, advancing knowledge, and informing policy around complex challenges such as
zoonoses. The following recommendations address some of the gaps in existing education and
research programs for One Health in Canada.

12. Develop and implement One Health curricula for accredited health education programs
for veterinarians, physicians, and other licensed healthcare providers and public health
practitioners in training.

13. Introduce One Health at all stages of education, from preschool to university. Curricular
and extra-curricular learning opportunities must be developed, and One Health topics
introduced in professional continuing education programs.

14. *Prioritize domestic and international research on emerging zoonoses using a One
Health approach as part of Canada’s One Health Action Plan. This must include research
activities across human, other animal, and ecological health from biological, ecological,
epidemiological, social, environmental, Indigenous, governance, and policy perspectives.

15. Provide sustained funding, including through the Tri-Agency, for One Health through a
net increase in available funding that supports collaborative biological, health, ecological,
social sciences, and humanities research using a One Health approach through dedicated
mechanisms. Panels must be multidisciplinary and capable of assessing projects using a
One Health approach.

16. Embed research as a critical element of a Centres of Excellence in One Health program
(Recommendation 6). These centres would focus on generating scientific knowledge and
health intelligence using a collaborative One Health approach, thus also training future
One Health scientists, teachers, and decision-makers to inform policy and drive societal
change.
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Emerging Challenges

The first cases of infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were
described in humans in late 2019. Rapid global spread ensued and the World Health Organization
(WHO) declared a global pandemic on March 11, 2020 (WHO, 2020). Two years later, by March
2022, SARS-CoV-2 had been reported to have infected over 470 million people and has led to
over 6 million deaths globally (WHO, 2022). Many people infected with SARS-CoV-2 also continue
to suffer from post-COVID-19 conditions (Davido et al., 2020). In addition to significant impacts
on individual health and healthcare systems, there have been direct and profound social and
economic impacts (Bonotti and Zech, 2021).

SARS-CoV-2-related viruses have been well-described in bat populations, suggesting that SARS-
CoV-2 originated in bats before spilling over into humans (Hul et al., 2021; Wacharapluesadee et
al., 2021; Zhou et al., 2021). The setting (forest, farm, live animal market, or other) for spillover
and the potential role of an intermediate host remain unknown. Shortly after the pandemic was
declared, several non-human animal’ species were reported to be susceptible to SARS-CoV-2
infection (Hobbs and Reid, 2021; OIE, 2021). These included captive and companion animals, as
well as wildlife, raising the possibility of a secondary animal reservoir for the virus.

Re-emerging Challenges

The massive global burden of SARS-CoV-2 in humans has resulted in spillover to naive animal
species (e.g., mink, cats, dogs, deer) (Dhama et al., 2020; Kuchipudi et al., 2021) and to the
environment, where viral RNA has been detected in wastewater (Giacobbo et al., 2021). In
addition to infecting a broad range of animal species through spillover from humans, variants of
concern (VOCs) are broadening the susceptible species range for SARS-CoV-2. For example, the
Alpha variant harbouring the N501Y mutation in the viral Spike protein is capable of infecting Mus
musculus (the house mouse) (Shuai et al., 2021), whereas the parental viral strain is restricted to
Cricetidae species, such as hamsters and deer mice. The genomic plasticity of the virus permits
rapid and impactful adaptations that are critical to understand; peri-domestic wildlife with host
viral receptors most closely resembling the human angiotensin converting enzyme 2 receptor may
be at highest risk, meriting surveillance particularly in areas with high rates of human SARS-CoV-2
infection.

The implications of one or more animal reservoirs for SARS-CoV-2 are significant. A secondary
wildlife reservoir introduces the risk of novel coronaviruses reemerging after adaptation though
mutations or recombination with other SARS-CoV-2 or endogenous animal coronaviruses, and
may undermine the efficacy of medical countermeasures, including vaccines and antivirals. It is
imperative thatwe understandthe fundamental biology of potentially pandemicviruses, considering
that the severity of clinical disease, population-level transmission, and social impact are a result of
virological determinants (Kirlin, 2020). For example, the Alpha VOC drove wave 3 of the pandemic
in Canada, resulting in high rates of hospitalizations and further public health measures, and the
genomic changes in the Delta variant translated into a 64% increase in household transmission
(secondary attack rate) relative to the Alpha VOC, and is associated with increased severity of

1 Because Homo sapiens, or humans, are mammals, we often refer to other animals to distinguish them from
humans. Where the term animals is used alone, we are generally implying non-human animals.
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disease and risk of reinfection. Also, changes in the Delta variant genome contributed to immune
escape and reduced efficacy of monoclonal antibody therapy (Allen et al., 2021; Public Health
Ontario, 2021). The Omicron variant (and sub-lineages) is highly diverged from other SARS-CoV-2
and has been clearly associated with reduced vaccine efficacy against infection, escape from
monoclonal antibody therapy, and enhanced transmission (Accorsi et al., 2022; Escalera et al.,
2022; Tatham et al., 2022). It is also speculated to have an animal origin, although no Omicron-like
virus has been identified in animals prior to emergence in humans. Regardless, the emergence of
Omicron and its subsequent impact highlights the significant potential for harm from new VOCs
that could spillover from animal populations.

White-tailed deer in Canada and the United States have been screened for SARS-CoV-2 viral
RNA and antibodies to establish evidence of infection and exposure. There are high rates of
positivity (up to 82.5% by PCR or viral detection) among deer in the United States, and non-VOC,
Alpha, Delta, and Omicron viruses have all been reported in this species (Vandegrift et al., 2022;
Kuchipudi et al., 2022; Hale et al., 2022; Marques et al., 2022; Kotwa et al., 2022; Pickering et
al., 2022). Based upon the genomic epidemiology, multiple human-to-deer transmission events
have occurred, but the route(s) of transmission remain unknown. Viral RNA has been detected
in hunter-harvested Canadian deer as well, raising important questions around wildlife health,
country foods, and the potential evolutionary trajectory of SARS-CoV-2 (Kotwa et al., 2022). The
highly divergent SARS-CoV-2 variant detected in Ontario deer is unrelated to any other existing
SARS-CoV-2 circulating among humans, and there are data supporting deer-to-human spillover
in at least one instance (Pickering et al., 2022). This is the first evidence of independent, parallel
evolution of SARS-CoV-2 in another species, and of deer-to-human transmission.

The environment has also been implicated in the SARS-CoV-2 pandemic, with substantial spillover
of viral RNA from humans into wastewater. Environmental monitoring through wastewater
surveillance has been an essential public health tool. Although it is unknown whether animal or
human exposure to wastewater leads to infection, given the widespread detection of environmental
SARS-CoV-2 viral RNA, this possibility must be investigated, particularly considering that the range
of host species susceptible to SARS-CoV-2 may be expanding due to VOCs.

Despite heralding events such as the emergence of SARS-CoV in the early 2000s, and the ongoing
circulation of Middle East respiratory syndrome coronavirus (MERS-CoV), we were blindsided by
the pandemic spread of SARS-CoV-2. Regardless of the clear and present danger posed by high-
consequence coronaviruses, we failed to prepare for this coronavirus pandemic. No coronavirus
surveillance was in place, research on coronavirus virology and medical countermeasures was
scant, and most importantly, limited efforts had been made to mitigate spillover and spread of
another highly pathogenic coronavirus in the years since SARS-CoV and MERS-CoV emerged.
These failures resulted from a limited understanding of viral biology and the drivers of emergence,
on the one hand, and from lack of political will, on the other. It is abundantly clear that the existing
pandemic planning was insufficient to address one of the most significant health threats of this
century.

Thus, there is a pressing need for a deeper understanding of the interface where all animals,
including humans, interact in their shared environments, and the intersecting biological, ecological,
and socioecological factors contributing to the emergence, spread, and impact of zoonotic
diseases. This is essential to enhance resilience at all scales, gain insights into the connections
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between animal and land health, and to better understand how human actions are impacting this
relationship.

Anthropogenic Impact

Because of the interdependence of human, other animal, and ecosystem health, the decisions
humans make have consequences beyond human society. National and international travel and
trade played important roles in the rapid global spread of SARS-CoV-2, and urbanization, food
insecurity, and trade of wild and domestic animals are contributing factors to the emergence of
several other high consequence pathogens.

As the human population grows and our cities expand, we encroach further into natural areas and
clear land to produce more food for burgeoning populations of people and domestic animals. This
expansion not only reduces natural areas providing critical habitat for wild plants and animals, but
also creates new intersection points where humans, vectors, domestic animals, and wildlife come
into contact. These changes increase opportunities for new pathogens to adapt (emergence)
and infect non-traditional hosts (spillover). Environmental factors, such as climate, seasonality,
and habitat availability determine the lifecycles and geographic range of different host species,
vectors, and microorganisms, thus affecting where and how zoonoses emerge, spillover, and
survive. It has been predicted that as the pace of change of these environmental factors becomes
even greater, there will be more spillover events and increased incidence of emerging infectious
disease (Jones et al., 2008).

Societal Impact

Along with the impacts on health and healthcare systems, COVID-19 has worsened many pre-
existing inequities associated with poverty, race, ethnicity, and gender, both regionally and
internationally. Throughout the pandemic, marginalized populations have been the most heavily
burdened by both viral infection and policies put in place to prevent the spread of COVID-19
(WHO, 2021; Cronin and Evans, 2022). The large social and economic costs associated with the
control of and response to the COVID-19 pandemic provide a strong and inarguable case for
substantial investments in reducing inequities by addressing the structural drivers of inequities.
One approach to reduce the interconnectedness of inequities would be to enact Canada’s
commitment to implement gender-based analysis plus (GBA+) and the Calls to Action of the Truth
and Reconciliation Commission.

The COVID-19 pandemic has highlighted existing societal inequities and continues to degrade
health, healthcare, social, and economic well-being. Our shared experience with COVID-19 is
sharpening the focus on the urgent need for new ways of tackling and preventing future pandemics
in this time of pressing environmental threats.

The History and Evolution of One Health

At its core, One Health is about recognizing the connections between all living things and our
shared spaces. Others call this concept by different names (e.g., public health, Ecohealth, and
traditional ecological knowledge) (Lerner and Berg, 2017). One Health is often portrayed as three
pillars (or circles): human health, animal health, and environmental health (World Organisation for
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Animal Health, n.d.; Centers for Disease Control and Prevention, 2021; Destoumieux-Garzdén et
al., 2018). By recognizing the shared determinants of health (or disease) and interdependencies
among these pillars, we highlight the foundational importance of the intrinsic value of all species
and generations, and the importance of reciprocal care for each other (as people), animals, and
the spaces we all share (Stephen and Gallagher, 2021). The importance of equity, value, and
reciprocal care are well-described in EcoHealth (Charron, 2012). These three critical elements
are needed to address sustainability and to build more resilient and equitable systems able to
withstand many complex and growing health threats.

One Health encompasses synergies described as One Medicine by Calvin Schwabe (1984)
over 40 years ago. Broader concepts of health and the critical consideration of interrelatedness
between health and the environment are embodied in the Ottawa Charter for Health Promotion
(World Health Organization, 1986), which advances the notion of reciprocal care and pledges
to “counteract the pressures towards harmful products, resource depletion, unhealthy living
conditions, and environments.” Caring, holism, and ecology are deemed necessary for health
promotion, and the Ottawa Charter called for international action to achieve Health for All by the
year 2000. In 2004, the Wildlife Conservation Society hosted a symposium in New York, where
the Manhattan Principles underpinning the concept of One World One Health (OWOH) were
established (Wildlife Conservation Society, 2004). These principles were advanced through a
series of consultations on influenza in Beijing (2005), Bamako (2006), New Delhi (2007), and Sharm
el-Sheikh, Egypt (2008), as well as International Ministerial Conferences on avian and pandemic
influenza. The Beijing Principles were outlined early in this process, and ultimately the OWOH
approach was formally adopted by the WHO, the Food and Agriculture Organization (FAO),
the World Organisation for Animal Health (OIE), the United Nations Children’s Fund, the United
Nations System Influenza Coordination, and the World Bank, based on recommendations made
at these meetings.

The OWOH approach is summarized in the report entitled Contributing to One World, One
Health: A Strategic Framework for Reducing Risks of Infectious Diseases at the Animal-Human-
Ecosystems Interface (2008) (Food and Agriculture Organization of the United Nations et al.,
2008). This foundational document was sparked by outbreaks and the pandemic threat of the
highly pathogenic avian influenza virus (HPAI) H5N1, which was causing widespread outbreaks
by 2003 (after its initial detection in 1996 in Hong Kong) (Sonnberg et al., 2013). This virus is
resurging globally now, with unprecedented levels of activity in Canada. The emergence and
spread of HPAI H5N1 virus at that time highlighted an urgent need to understand the drivers of
emergence, transmission, and persistence of emerging infectious diseases at the interface where
humans interact with other animals and ecosystems. National authorities were encouraged to
consider key priorities for surveillance; public health responses; and strategic research through
collaboration, multidisciplinary, cross-sectoral partnerships; integration of governance; and
technical and sociocultural aspects of implementation. The current HSN1 situation is an acute
reminder of the importance of these key activities.

The OWOH Strategic Framework encouraged decision-makers to reinforce existing mandates,
institutions, and programs, andto include all levels of government. Emphasis on technical leadership
in surveillance and data sharing, risk assessment, and capacity building helped strengthen national
laboratory testing and reporting systems, highlighting gaps in communication and coordination.
This focus on improvements included acknowledging the importance of integrating wildlife and
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ecosystems into surveillance and control programs and the need to establish effective financing
frameworks. Key research areas were identified in the OWOH Strategic Framework, including
understanding zoonotic pathogen emergence, spread, and persistence; pathogen biology;
diagnostics and prevention; sociocultural determinants; and implementation. A range of specific
initiatives emerged from an unprecedented orchestration of efforts, stemming from the control
of the HPAI H5N1 virus. Building upon the pre-existing Global Framework for the Progressive
Control of Transboundary Animal Diseases (2022), these initiatives included FAO’s Emergency
Centre for Transboundary Animal Diseases (2022), the joint FAO/OIE/WHO Global Early Warning
System (GLEWS) (2022), and the Network of Expertise on Avian Influenza (Edwards, 2006).

In November of 2012, the World Veterinary and World Medical Associations signed a collaborative
Memorandum of Understanding in Bangkok, Thailand (Wilson, 2012). The scope of this
memorandum included joint educational efforts, cross-species surveillance, the responsible use
of antimicrobials, and collaborative research. More recently, the original Manhattan Principles,
released in 2005, were updated as the Berlin Principles in 2021 (Gruetzmacher et al., 2021).

Presently, there are a myriad of definitions and descriptions of One Health, but all share common
features (Gruetzmacher et al., 2021; Centers for Disease Control and Prevention, 2018; One
Health Commission, 2022; World Organization for Animal Health, 2022). First, One Health is about
health—the health of people, animals, plants, and ecosystems. It is about how health is the result
of the interdependence between species living in shared environments, over time, and across
space. One Health is also about collaboration, trust, and sharing of responsibility. By recognizing
health interdependencies, One Health calls for more and better inter-, multi-, and transdisciplinary
efforts to break down silos and work together to preserve and promote health gains. The UN
Sustainable Development Goals (United Nations, 2015) are a key example of how upstream drivers
can have far-reaching consequences. Building health, promoting resilience, striving for equity, and
ensuring capacity to cope and adapt are all hallmarks of holistic health approaches, be they One
Health, EcoHealth, Planetary Health, or other.

Indigenous Context for One Health

Western notions of One Health were long preceded by traditional forms of knowledge,
including Indigenous ways of knowing. Indigenous knowledge recognizes and respects the
interconnectedness among all things and is a distinct approach from the Western concept of One
Health, using a different set of assumptions than those advanced through Western thought. In
Indigenous knowledge systems, the process is often more important than the endpoint itself, and
there is no single path or approach for a given process. Based on common principles, Indigenous
knowledge differsamong Nations and communities. Although Western focus is shifting toward more
collaborative, comprehensive, and interdisciplinary approaches through broader incorporation
of concepts of land stewardship and health, important gaps remain in listening to Indigenous
perspectives and leadership (WHO, 2017b; Hillier et al., 2021).

It is also important to recognize the Indigenous context for health and to address the disparities
that exist due to colonization and institutional and systemic barriers to good health. First Nations,
Inuit, and Métis peoples living both on and off reserve experience clear disparities in health and
wellness (McGregor, 2009; Statistics Canada, 2015). We cannot consider applying Indigenous
models of One Health, on the one hand, while disregarding these inequities, on the other. Good
health and clean water are basic human rights and must be ensured for Indigenous Peoples,
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recognizing Indigenous Peoples’ rights to individual, community, and land health. The right to
a self-determined future for land, animal, and human health must be recognized in an active,
enabling way.

A rapid decline in land health due to human exploitation and climate change also merits focused
attention. Cultural genocide and colonialism have coalesced with these anthropogenic drivers,
leading to environmental dispossession through direct disruption of land health or the rupture
of Indigenous Peoples’ relationships with the land. Connection with the land is considered
one of the key determinants of health for Indigenous Peoples (Government of Canada, 2018).
Thus, environmental dispossession has a profound impact on ways of knowing, ways of life, and
spiritual, physical, and mental health (Big-Canoe and Richmond, 2014; Jones, 2019; Mashford-
Pringle et al., 2021; Tobias and Richmond, 2014). Also, as land health erodes, so does landscape
immunity (Ruscio et al., 2015), increasing the risk of zoonoses for those closest to the land and
adding to the disproportionate burden of disease incurred by Indigenous Peoples. This issue
has been underscored during the pandemic and goes beyond baseline health and severe
outcomes associated with COVID-19 and includes hunting and gathering and other key practices
for sustenance and wellness, which were severely affected by individual exposure/quarantine or
illness, population-level states of emergency and other regional measures (Tobias and Richmond,
2014).

The Conventionon Biological Diversity clearly underscores theimportance of Indigenousknowledge
systems in resource management (Plowright et al., 2021). This knowledge is diverse, participatory,
and experiential, and not readily defined using static Western frameworks. Supporting Indigenous
concepts of One Health includes respecting natural laws and implementing earth-based solutions
through land pedagogy (Convention on Biological Diversity, n.d.; Learning the Land, n.d.). A
key element of some Indigenous knowledge systems is using different ways of knowing through
collaboration, including Two-Eyed Seeing or Etuaptmumk in Mi'kmaq knowledge systems (Bartlett
et al., 2012). Incorporation of Indigenous knowledge systems ensures Indigenous leadership and
self-determination in One Health solutions to specific challenges; it also increases the impact
by applying culturally and environmentally relevant knowledge that is absent or sparse in more
Eurocentric approaches to One Health.

One Indigenous approach to One Health, outlined by Joe Copper Jack, has been applied to
key activities in land planning, culture, and education in Yukon (One Health Concept Box 1). It
is essential that these activities begin with (1) relationship building and (2) the implementation
of traditional knowledge protocols—processes that must be respected. Extracting Indigenous
knowledge and using it out of context for convenience or other purposes is harmful and
unacceptable. While Western knowledge strives for endpoints independent of relationships,
Indigenous knowledge systems revolve around relationships. Relationship building and protocols
allow trust and understanding to be established and to evolve over time.
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Beyond One Health for Indigenous-guided recovery: The Land and Peoples Relationship
Model

Joe Copper Jack

Knowledge collaboration is essential to One
Health

. tribuztaries z f\’"’;f_‘? T
| use the metaphor of a stream when talking about | Fossibie
knowledge collaboration: Traditional knowledge (TK)
on one side, Western knowledge (WK) on the other.

WK

The knowledges regard and respect each other but do
not necessarily meet. If you take away one knowledge
system, you get a less healthy stream. We need both
stream banks, both ways of knowing. We need to
keep both banks healthy, prevent them from eroding.
The concept of One Health may be new to Western
knowledge systems, but the interdependence of
people, other animals, and land, as well as the STREAM BANKS
knowledge that the health of other animals and the

health of the land is tied to our own, is inherent to

most if not all Indigenous knowledge systems (Hueffer

et al., 2019; Jack et al., 2020). It is not ‘natural’ to Jot Copper Fack
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health of one without the health of the other (Figure Figure 2. Joe Copper Jack’s Knowledge Stream
Tree.
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Yukon First Nations’ Long-Ago Peoples have always defined themselves as being part of nature
and as beings sent here by the Creator to care for Mother Earth. Their key laws centered around
the principles of Respect, Care, and Share, which were treated equally and used in combination
with other natural laws. Respect is the law applied to all other natural laws. Long-Ago Peoples’
laws are applied internally first, and then to others, moving outwards into the broader worldview.
For instance, Long-Ago Peoples’ laws apply to self, immediate family members, Clan, community,
Nation, pets, dwellers, plants, land, water, air, and the universe. Respect is both the greatest
consideration given to life and everything created by the Creator. Care is taking care of the land
and each other and is the responsibility of all peoples. Share is the passing down and sharing of
knowledge openly and in a respectful manner.

Western scientists are beginning to realize the importance of these laws. For example, Arctic
researchers Susan Kutz and Matilde Tomaselli (2019) assert, “In many ways, Indigenous knowledge
provides an ideal example of the ‘One Health’ approach, in which animals and the complexities
of their environment, including the human element, are considered simultaneously.” British
Columbia-based biologist Eric Balke says, “Natural ecosystems are infrastructure” (Ligeti, 2020),
adding that many scientists are now talking about “nature-based solutions.”

Long-Ago Peoples’ approach to their relationship with and care of the land included the
perspectives of all affected parties, such as future generations, non-human relations, and land and



waters, in planning and decision-making. Key to this approach is the No-Voice perspective, the
idea that the views of future generations, non-human relations, and land and water are considered
in all decisions with the potential to affect them, either now or in the future.

The COVID-19 pandemic has reasserted the need for fundamental and monumental change in
relationships between human beings and other living entities. The land relationship is an integral
part of this recovery. Indigenous Peoples have existed in healthy relationships with land for
generations and continue to do so. Care, Share, Respect are our laws for all things created by the
Creator.

As a land planner in the Yukon, | promote the collaboration of traditional and western ways for
better planning. Likewise, traditional and Western ways can be used together for One Health
(Montesanti and Thurston, 2015). Places with co-management have better outcomes for land
health. Healthy land can be thought of as an essential service (Copper Jack and Nowak, 2020).

The Land and Peoples Relationship Model

The Land and Peoples Relationship Model is a collaborative knowledge-building process that
respects both the ways of Yukon First Nations’ Long-Ago Peoples and Western knowledge. The
model attempts to rebuild equal respect between the land and people, knowing that reconciliation
cannot happen if people continue to view themselves as superior to nature and life. The model
also aims to rebuild respect between people, where no knowledge system, gender, or group is
superior to another.

Collaborative knowledge-building is a process by which participants reach favourable conclusions
through the sharing and exchange of knowledge. Participants are asked to show the greatest
respect possible during the planning and decision-making stages. The model uses the three
key laws (Respect, Care, and Share) combined with two decision-making tools (No-Voice and
Knowledge Stream Tree) that include affected parties’ viewpoints and long-ago knowledge.

The model includes “those with no voice” in all discussions and decisions made at the roundtable,
and their presence is represented with a sign or symbol. Participants are asked to contribute what
they feel represents the No-Voice reaction to the issue at hand. The No-Voice reactions are part
of the information that is assessed in decision-making. In the event of a stand-off on a particular
issue, the No-Voice contribution become a critical factor in the final decision.

In this way, the model guides, directs, and balances the collaborative planning process. The crux
of the model is how respect is shown among participants within the planning and decision-making
processes. The roundtable experts function as a neutral body focused solely on resolving issues,
based on relevancy and usefulness. The model also describes a sacred space.

Rules of Engagement

The purpose of the model is to allow issues to be resolved through collaborative planning and
consensus building. Itisimportant to recognize and respect that some people communicate through
storytelling and animation, while others verbalize and record. Participants of the roundtable are
responsible for developing their rules of engagement, which include the following requirements:

1. Show respect for each other, affected parties, and the land;
2. Feel as much as you think;



3. Listen to understand what is being said;
4. Clarify what you say and hear; and
5. Have patience.

The Knowledge Stream Tree and No-Voice for One Health

The COVID-19 pandemic has wrought significant disruption to health and well-being and will
continue to impact future generations through a significant health, environmental, and economic
debt. The coronavirus pandemic may also represent the first of many. The SARS-CoV-2 virus
existed in balance with its likely host, the bat, until humans intervened to facilitate spillover and
spread through activities such as intense global travel. To mitigate future pandemics, we must
strive to restore balance through reciprocal care of the land and the plant and animal species it
carries. Reestablishing the balance requires an understanding of what constitutes balance and
how it can be achieved.

In addition to collaboration, openness to seeing things
from a new perspective is an important aspect of land
stewardship and the One Health approach. Being open
includes seeing from each other’s points of view and from
the perspective of the land and the animals that inhabit
it; what are they saying to us? This openness changes
how we understand and feel about those with No-Voice
and how they interact, for example, the forest, the bats,
and the virus. An open, accepting viewpoint reorients
our frames of reference and may lead to novel and more
effective avenues of study and implementation.

As well as being based on the principles of Respect,
Care, and Share, the Land and Peoples Relationship
Model includes the Knowledge Stream Tree (Figure
2) and the No-Voice. These elements are intrinsically
tied together and components cannot be extracted or
considered in isolation without losing meaning. Much
like a snowshoe that depends on well-crafted bindings,
a frame, and meshing to function effectively, one cannot

Figure 3. Interdependent parts of the Land and think about the model without all these interdependent
Peoples Relationship Model. ]
parts (Figure 3).

We propose the following as a means of collaboration and implementation of the Knowledge
Stream Tree:

Establish and sustain a Circle of Traditional Knowledge Holders and experts for consultation
and knowledge sharing. We propose close and collaborative efforts between federal entities,
independent scientists, and traditional knowledge holders to address priority questions using an
Indigenous One Health approach. This collaboration begins with a relationship-building phase
anchored in humility and mutual respect. This work is possible under knowledge agreements and
with the consent of the Elders to share their knowledge for this mutual purpose.



Experts at a roundtable are independent individuals with adequate knowledge who are at
arm’s length from the government. Content knowledge varies depending on the questions and
challenges at hand, so this group may be fluid depending on theme, geographic region, host
species, or peoples involved. Fairness and truthfulness guide discussions to reach mutually
beneficial paths forward that are useful, relevant, and concrete.

Indigenous knowledge systems and traditional knowledge keepers are critical and essential to
effective planning and implementation of projects and interventions aiming to address questions
and challenges around zoonoses using a One Health lens. Inclusion puts Indigenous knowledge
sharing into action in a participatory and translational manner, enabling ongoing collaboration as
challenges arise and providing opportunities for collective post-implementation sustainability and
evaluation.

Sustainability is essential and required. Short-term visions and solutions have not met the needs of
future generations; we need to maintain a 1,000-year-long view since the implications of decisions
made now will have long-term effects. This focus on sustainability requires significant investments
now and for generations to come.

The Current Reality and Health Challenges

Avian and swine influenza viruses, human immunodeficiency virus (HIV), Zika virus, SARS-CoV-2,
monkeypox, antimicrobial resistance, climate change, pollution, biodiversity loss, economic
collapse, and inequality—none of these challenges are independent of the others. Worsening
climate change contributes to biodiversity loss, the emergence of new pandemic viruses threatens
economies, and responses to disease emergence exacerbate inequities and create vast amounts
of waste that pollute waterways and landfills, further threatening biodiversity. In most cases,
responsible agencies react after the harm has occurred and work within their own disciplinary silos
and mandates to control the problem as best as they can. Despite lessons learned from every new
pathogen emergence, we continue to be surprised each time a new threat appears. Even with
investments in understanding the emergence and spread of highly pathogenic avian influenza
virus, Ebola virus, Zika virus, and SARS-CoV—and even with greater investments in disease control
and prevention—we were still caught off guard by the appearance of SARS-CoV-2 in 2019.

Humans are only one of an estimated 7.8 million animal species on earth (Mora et al., 2011). As
members of the animal kingdom, humans are just as susceptible to infectious agents as any other
animal species. The likelihood of infection and associated negative impacts of disease depend
on health determinants— biological, environmental, social, and economic factors that determine
whether a person (or animal) has the resources to stay healthy (World Health Organization, 2017a).
Although a determinants-of-health approach is less commonly applied to non-human species,
several determinants are shared by all species, such as the necessities of daily living (access to
food, water, and habitat). A determinants-of-health model is useful for health planning and policy
development for different species (Wittrock et al., 2019). However, studying human health and
disease separately from animal and ecosystem health and disease is not only reductionist, but also
undermines the survival of the human species.
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Pathogens differ in their ability to adapt to new host species. The World Health Organization
recognizes 200 zoonotic agents, but many more agents with zoonotic potential are discovered
every year as genomic technology and molecular biology improve and as conditions such as
human encroachment create new opportunities for zoonotic and reverse zoonotic transmission
to occur (Grange et al., 2021; Plowright et al., 2021). Disease agents like SARS-CoV-2 are highly
adaptable and very difficult to eradicate; agents such as Mycobacterium bovis, are linked to food
security, and thus introduce other challenges (One Health Case Study 1). The fact that only two
infectious agents—smallpox and rinderpest—have been eradicated underscores how difficult it is
to control infections, particularly zoonoses. Another aspect of zoonotic disease is that it may cause
chronic sequelae in humans and other animal species. For example, Echinococcus granulosus
(a parasite with life stages in wild carnivores and deer species) can cause protracted liver and
lung disease in humans, and SARS-CoV-2 is associated with post-COVID-19 conditions, or ‘long-
COVID'.

Because zoonoses are challenging to control, greater efforts are needed to prevent the
establishment of pathogens in new hosts and to promote and maintain the health of all species
and ecosystems and build resilience. Further, the health impacts of changing environmental
and economic conditions are becoming increasingly urgent. Adding to current social and
environmental stressors are the compounding pressures that are threatening the health of all
communities, especially those most vulnerable. Consequently, an approach that recognizes the
interdependence of health is needed to better prevent, respond to, and reduce health impacts
today without compromising our ability to respond in the future (WHO, 2021).

Mycobacterium bovis in cattle, badgers, deer, and cats

Scott Weese

Mycobacterium bovis is a bacterium that causes bovine tuberculosis (TB) and can also infect
various other species. The World Health Organization estimated a burden of 147,000 new cases
of zoonotic TB in people globally in 2016, with 12,500 deaths—recognizing that the disease
is likely underdiagnosed (https://www.who.int/tb/zoonoticTB.pdf). The disease is transmitted to
people most often through unpasteurized milk, but direct contact and aerosol transmission are
also of concern for people exposed to infected animals.

While the focus of M. bovis is its ruminant reservoir, this bacterium can also be harboured and
spread by other species, both domestic and wild. There can be complex and surprising transmission
patterns. For example, in the United Kingdom, M. bovis is widespread in Eurasian badgers (Meles
meles), complicating control of M. bovis in cattle (Clifton-Hadley et al., 1995; Corner et al., 2011).
Unexpected bridges between wildlife, domestic animals, and humans can be encountered and
companion animals such as cats are increasingly infected through contact with wildlife (Gunn-



Moore, 2014). Unexpected routes of exposure have also been encountered, such as a cluster of
infections in pet cats that were fed a commercial raw-meat diet made of venison (O'Halloran et al.,
2021). While apparently rare, transmission from cats to humans has been documented (O’Connor
et al., 2019). Risks for direct human exposure and spread of M. bovis between regions and to
wildlife reservoirs can also be created through the widespread and poorly controlled international
movement of companion animals, as shown through importation of M. bovis into Germany and
ltaly from cats originating in Ukraine (Attig et al., 2019; Cerna et al., 2019). The presence of this
bacterium in hunted wildlife also poses a risk to hunters and highlights the need for a One Health
approach to hunter education (Wilkins et al., 2003). Therefore, control of this important human
and animal pathogen is complicated by its presence in food animals, companion animals, and
wildlife; its potential transmission between regions through movement of people or animals; and
its interconnected but poorly understood pathways of transmission.

One Health Solutions

To get ahead of the ongoing, extraordinary social and environmental changes that are expected,
new partnerships, tools, and approaches are urgently needed. One Health offers a pathway towards
transformative change. One Health is evolving by enabling all species, places, and generations
to achieve their full health potential: optimal health for all—today and tomorrow and around the
world.

One Health can be viewed as a continuum of activities intended to prevent, mitigate, or solve
problems occurring where environmental systems and animals, including humans, intersect. The
traditional topics of focus have been emerging zoonoses, antimicrobial resistance, and food safety,
but expectations for One Health are changing to address other persistent and complex issues
including climate change, sustainable development, environmental pollution, and food insecurity
(Zinsstag et al., 2011). Behind these changing expectations of One Health, and other holistic
approaches to health (e.g., EcoHealth, Planetary Health, Global Health), is a growing recognition
that global 21st century pressures (climate change, poverty, biodiversity loss, among many others)
are root causes of the traditional problems that One Health has addressed (antimicrobial resistance
and zoonoses). One Health needs to address today’s challenges and to prepare for future health
threats through building community resilience and ecosystem stability. One Health is about the
health of animals (including humans), plants, and ecosystems and the interdependencies among
them. It is also about filling an increasingly urgent need to change how we do things, to mobilize
and co-produce knowledge, to “do better,” and to inspire positive change across society in a
collaborative and cooperative manner.

A One Health approach is adaptable to a wide range of contexts and purposes including emergency
responses to current threats, preventing emerging threats, and preparing and adapting to ongoing,
persistent, and future challenges. As an approach, One Health uses methods and tools already
developed and in use across different sectors and disciplines. Indigenous knowledge systems,
among others, have long recognized the interdependence of all things and the critical importance
of balance among them. One Health practitioners and advocates are striving to bring tools and

An RSC Policy Briefing

24



methods together in novel ways and to facilitate conversations between sectors and knowledge
holders that do not typically engage with each other. Sharing information and perspectives leads
not only to more timely, complete, and accurate information but also to new opportunities for
innovation.

The One Health concept underscores that health is the result of the interconnections among
humans, other animals, plants, and ecosystems. While the idea is attractive and relatively easy to
grasp, practicing One Health can be challenging. The operationalization of One Health requires
strong governance, shared responsibility by all sectors and individuals involved, and a commitment
to collaboration across sectors that do not always view things the same way or use the same
vocabulary or methods, but that have a shared purpose. The siloed infrastructure of government
globally, nationally, provincially, and locally is difficult to dismantle, making successful One Health
programs and projects challenging to initiate and sustain (Riegg et al., 2017).

As a zoonotic agent, SARS-CoV-2 is precisely the type of problem to which a One Health approach
has been applied. Recent focus has been on discovering viral origins and exploring potential
pathways of introduction and mechanisms of transmission and spread of zoonoses (e.g., yellow
fever and avian influenza viruses) (Kelly et al., 2020; Mackenzie et al., 2014). However, little
emphasis has been placed on identifying key leverage points that could reduce virus spillover in
the future and even less on how to reduce the impacts of the inevitable emergence of such viruses.
Moreover, most surveillance efforts have focused on human infections, with very little interest or
investment in monitoring spread to domestic and wild animal species. However, COVID-19 has
shifted the conversation due to the scale and inequitable distribution of the impacts associated
with (1) infection and disease and (2) unintended negative consequences of prevention and control
measures. The critical yet often indirect connections among all living things, ecosystems, and
societies have been highlighted, and calls are being made for a radical change to our approach
(Bates et al., 2021; Leach et al., 2021; Thoradeniya and Jayasinghe, 2021).

The COVID-19 pandemic, climate change, animal health, food systems, global economy, and
biodiversity loss are no longer seen as completely independent issues. Recognition of these
connections is changing our expectations for what One Health can offer and where it can be
applied. One Health is now being called upon to help prevent future viral emergence and to
enable multidisciplinary collaboration to help reduce the impact of future pandemics. If these
expectations are to be met, the highest levels of government need to commit to One Health.
Practitioners of One Health will also need a new tool kit that includes innovative partnerships,
different types of knowledge and expertise, and novel methods.

Although One Health is now globally recognized as a concept and an approach to address
environmental and health challenges of the 21st century, there is an urgent need for more and
better research on how to practice One Health, to learn from past successes and failures, and to
adapt proven strategies to new settings and circumstances. Creating this pathway will require
commitment to One Health and a global paradigm shift that promotes health and resilience over
economic growth and power.

One Health in Practice

Investment is needed to support the development of new tools and forums for respectful
discussion and engagement, including with marginalized populations, and new mechanisms to
measure health and success, beginning by determining what defines One Health success.
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As the traditional focus of One Health projects, infectious diseases such as COVID-19 can be used
as a springboard to launch new initiatives. Our shared experiences with SARS-CoV-2 have many
people involved in One Health asking not only how to prevent the next pandemic but also how
to reduce the impacts while working to build resilient communities and sustainable policies and
practices. Participatory methods and a One Health approach are also relevant to the prevention,
surveillance, and control of “non communicable diseases,” which can be the result of air pollution,
chemicals, or heavy metals polluting environments and affecting the health of all living beings.

To provide a picture of some of the programs and institutions working on topics related to One
Health, a network analysis is shown in Figures 4 and 5 in this section. This network analysis was not
exhaustive, as it was not possible to include every program and institution within the area of One
Health. However, this program mapping represents a useful starting point.

In Figure 4, the programs and institutions are mapped based on their topic of focus and colour
coded by type of institution. The figure includes international and Canadian institutions that focus
on one or more topics within the concept of One Health. Each institution is linked to nodes
representing different One Health topics (e.g., food safety, trade, or animal health). Central topics
are those that a high number of programs and institutions address: One Health, Human Health,
Emerging Infectious Disease, and Animal Health, followed by Environmental Health. These topics
are those that One Health has historically used to understand and respond to zoonoses. Other
topics that are less central in the figure such as Social Determinants of Health represent topics that
are newer additions to One Health.
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Figure 4. Network analysis by type of institution (black = intergovernmental, pale blue = governmental, pink =
academia, green = networks, dark blue = NGO/NPO); white boxes represent different One Health topics.

In Figure 5, programs and institutions are organized based on their centrality, and the more central
organizations are represented by larger squares. In this network analysis, centrality is based on the
number of other programs/institutions to which each organization is connected.
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Figure 5. Institutions linked by topics to show centrality.

The COVID-19 pandemic and climate change are creating new urgency and accelerating long-
standing intentions to ensure that the steps taken today to protect well-being are equitable and
sustainable so that future generations, other species, and ecosystems can also be healthy. One
Health can be a pathway to health security by connecting systems and programs for healthcare
and surveillance across species and by providing a mechanism to recognize interdependencies
and support reciprocal care for health and our shared future.

Interconnectedness, value, reciprocal care, multi- and inter-disciplinarity and inclusion underpin
the One Health approach, which can be used to address multifaceted challenges such as emerging
and zoonotic infectious diseases. These interrelated facets are depicted in Figure 1 of the Executive
Summary and include elements of strategy and governance, operations and technical leadership,
equity, and education and research. This framework serves as the foundation for the sections
and recommendations that follow, beginning with recommendations addressing an overarching
national strategy for One Health in Canada.

Recommendations

Implement a Canadian One Health Action Plan with supporting governance structures and
executive functions. Urgent gaps related to the COVID-19 pandemic must be addressed at
the highest level of government; these efforts must be leveraged for a One Health approach
to all emerging zoonoses through a One Health Council. The Council must include experts and
representatives from all relevant academic disciplines and ministries of the Government of Canada,
as well as key non-governmental partners. The Council should be tasked with examining the
policies, programs, and financial and legislative support of agencies, organizations, and institutions
related to One Health and guide implementation of a One Health Action Plan through respective
ministries and partners. Reporting on key activities will be essential to ensure accountability.

To ensure One Health priorities are met, a Special Advisor on One Health must be appointed
to one or more key ministries overseeing health, which may include human, other animal, and
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environmental/climate health; this individual would be external to the government and have a
key role in a One Health Council. One Health must also be tied to Canadian foreign policy. To
promote both national and global health and security, Canada must demonstrate leadership in
One Health on the international stage.

Develop and implement an Indigenous Engagement and Knowledge Policy Framework
for One Health. This work must be done at municipal, provincial, national, and international
levels. First, Canada must address the impacts of colonialism on Indigenous Peoples’ health and
relationship with the land. Land degradation and cultural genocide are tied to environmental
dispossession, impeding the ability of First Nations, Inuit, and Métis Peoples to observe early signs
of emerging zoonoses and to protect themselves and others from disease. Important tools such
as Other Effective Conservation Measures, Indigenous Protected and Conserved Areas, and
Indigenous-led monitoring activities should be included in an Indigenous framework for One
Health. Given Canada’s commitment to upholding the United Nations Declaration on the Rights
of Indigenous Peoples, the One Health Action Plan for Canada must also address the Calls to
Action of Canada’s Truth and Reconciliation Commission.

Over recent decades, we have gained substantial knowledge about emerging infectious diseases
(EIDs). We know that approximately 60% of EID first-time clusters or outbreaks that infect humans
are zoonotic in origin, that more than 70% of these EIDs originate in wildlife, and that EIDs are
increasing in frequency (Jones et al., 2008). EIDs include severe acute respiratory syndrome
coronavirus (SARS-CoV and SARS-CoV-2), which most likely originated in horseshoe bats (genus
Rhinolophus; Holmes et al., 2021; Latinne et al., 2020). Global hotspots for disease emergence
have been identified, with areas of elevated risk including forested tropical regions experiencing
land-use changes (Allen et al., 2017). We also know that RNA viruses may be more likely to
emerge as EIDs than other types of pathogens (Woolhouse and Gowtage-Sequeria, 2005).
Understanding the risk associated with composites of host, pathogen, and environment allows
surveillance programs to focus on high-risk scenarios to strengthen global capacity to detect and
discover zoonotic viruses with pandemic potential (One Health Institute University of California
Davis, 2019). As a key step in pandemic preparedness, surveillance is vital (discussed in Section
6). However, given the complex and multifactorial drivers of pathogen emergence and spread,
pathogen surveillance alone is insufficient to predict and prevent the next pandemic.

There are a wide number of underlying socioeconomic, environmental, and ecological factors
that drive disease emergence (Jones et al., 2008). Twenty years ago, in 2001, the Committee
on Emerging Microbial Threats to Health in the 21st Century identified, reviewed, and assessed
the state of knowledge on factors in the emergence of infectious diseases. In their report, the
committee examined 13 factors, all of which still apply today (Table 1) (Smolinski et al., 2003).

Table 1. Factors driving disease emergence (Smolinski et al., 2003).
1. Microbial Adaptation and Change
2. Human Susceptibility to Infection
3. Climate and Weather
4. Changing Ecosystems
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Economic Development and Land Use
Human Demographics and Behavior
Technology and Industry

© N o

International Travel and Commerce

9. Breakdown of Public Health Measures
10.Poverty and Social Inequality

11.War and Famine

12.Lack of Political Will

13.Intent to Harm

Emergence at the Human Interface with Other Animals

Zoonotic disease emergence in humans is driven by human activities and behaviour that change
human, other animal, and/or vector interactions. Addressing how humans interact with other
animals, including wildlife, is a key component of EID risk management and response (Watsa,
2020). Decreased habitat availability, pollution, and climate change impact the health of wildlife
and other animals, including humans (One Health Concept Box 2). Over the past 50 years, wild
animal populations around the globe have declined by 60% on average (Grooten and Almond,
2018) and 28% of assessed species are threatened with extinction (IUCN, 2021). Ecosystems have
been degraded, changing how different species interact and increasing the risk of exposure to
novel pathogens. Prevention of EIDs will require us to tackle these underlying factors, including
climate change, ecosystem degradation, and land-use change.

We know that ecosystem and land-use change can have dramaticimpacts on pathogen transmission
patterns. For example, in Malaysia, the development of large-scale swine production facilities near
mango orchards where fruit bats roosted is believed to be a driver of Nipah virus transmission
from fruit bat reservoirs to pigs, with spillover into humans (Pulliam et al., 2012). Although there
are many cases in which land-use change is associated with increased disease transmission, this
is not always clear, leading Gottdenker et al. (2014) to suggest that “there is still uncertainty
regarding the direction, magnitude, and mechanisms of anthropogenic disturbances on infectious
disease transmission and persistence.” More research is required to fully understand the impacts
of changing landscapes on disease emergence; however, land-use change should be considered
as a key risk factor.

Advancing forest health as part of One Health

Katarzyna Nowak, Katarzyna Simonienko, and Bogdan Jaroszewicz

The United Nations 5" Global Biodiversity Outlook has defined eight major transitions needed
to stop the decline of nature (Secretariat of the Convention on Biological Diversity, 2020). Two of



these are “the land and forests transition” and “the biodiversity-inclusive One Health transition.”
These transitions are inextricably linked in Canada, which harbours more than a quarter of the
world’s remaining boreal forest. According to the Center for International Forestry Research
(CIFOR), connections between forests and One Health require strengthening (CIFOR, 2020). We
focus here on the benefits of healthy forests to One Health, primary pandemic prevention, and
pandemic recovery.

Forests enhance health by providing services such as clean air and cooling effects through the
absorption of carbon dioxide and provision of shade from solar radiation. Intact forests are
nature-based solutions to slowing down climate warming. Forest biodiversity matters because
more biodiverse forest stands are superior at reducing air pollution, diluting disease vectors,
and providing people and other animals with plant-derived foods, medicines, and herbs (Wertz-
Kanounnikoff and Rodina, 2020). Forests also provide therapy that improves our physical and
mental well-being and assures high restorativeness (through the landscape’s ability to renew the
cognitive capacities of forest visitors) (Kortmann et al., 2021; Simonienko, 2021).

Being in a forest environment reduces both physiological stress (heart rate, blood pressure, cortisol,
and adrenaline levels) and psychological stress (Engemann et al., 2019). A forest environment has
been shown to be particularly effective at reducing stress in people with lower socioeconomic
status (Marselle et al., 2020). Exposure to the forest environment is associated with greater
resistance to future stressors and faster regeneration after a stressful experience, suggesting that
forests are important in the prevention of mental and neurodegenerative diseases (Annerstedt et
al., 2013). Being in the forest may also strengthen the immune system (Li et al., 2006). People’s
reliance on access to nature as a source of health during the COVID-19 pandemic was a worldwide
phenomenon (Naomi, 2020; Weinbrenner et al., 2021).

A challenge related to the mass extinction of species, disappearance of wild areas, and reduction
of biodiversity is the phenomenon of negative feedback called the extinction of experience.
When wilderness recedes and nature declines, encounters between humans and other free-living
animals and plants become less frequent, depriving humans of stimulation. Nature becomes
boring, interest in it dwindles, and consequently concern for its protection declines, resulting
in further reductions in biodiversity and fewer opportunities to experience nature outside of
ourselves. People who know less and experience less also care and act less (Miller, 2005).

Mental health and environmental stewardship are closely related and connected to human
economies (Buckley et al., 2019). That “the land is a healer” is well-known among Indigenous
knowledge holders and societies (Redvers, 2020). Canada is well-positioned to support meaningful
partnerships between Indigenous and Western scientists and knowledge holders in ways that
help realize One Health and inform One Health programs around the world, including through
forest ecosystem scale thinking.

More than 80% of the world’s forests are degraded (Watson et al., 2018). Deforested areas and
forest margins have higher risks of disease and a higher likelihood of spillover events (Dobson
et al., 2020). For example, in Peru, mosquito bites are significantly more frequent in deforested
areas, and in Brazil, the incidence of malaria increases with deforestation. Disease is prevalent in
these regions because land clearing often creates pools of stagnant water and because human-
induced ecological changes reduce mosquito diversity, favouring those species that transmit
malaria (Robbins, 2016). Deforestation also contributes to the spread of waterborne pathogens



such as giardiasis, cryptosporidiosis, and microsporidiosis through increased contact between
people, domestic, and wild animals (Lallo, 2012). Research from Cambodia shows that forest
loss is associated with an increase in acute respiratory infection and diarrhea (Pienkowski et al.,
2017). In fragmented woodlots, where there are fewer predators and competitors (i.e., where food
webs are disrupted), there is a higher density of potential disease vectors such as white-footed
mice (Ostfeld and Keesing, 2000). In areas where small mammal diversity is higher, Lyme disease
incidence falls, evidence that biodiversity can buffer us against disease (Ostfeld and Keesing,
2000).

Fortunately, there is growing interest in how human health and well-being are linked to biodiversity,
nature stewardship, and sustainable development in the public, scientific, and policy spheres
(Naeem et al., 2016). A powerful example is the Arramat Project (https://arramatproject.org/),
which supports Indigenous Peoples’ whole-environment approaches to the health and well-
being of their communities. It is a vital movement to foster transdisciplinary and transboundary
cooperation and hybrid knowledge collaboration at the nexus of human health and healthy natural
ecosystems, including forests. As forests can act as fortifiers against disease and against vectors of
disease and environmental pollutants, they can be “at the heart of a green recovery”, and better
integrated into One Health approaches (Sen, 2020, p.1; CIFOR, 2020).

The wildlife trade also provides opportunities for disease transmission that may affect the health
of humans, domestic animals, wildlife, and ecosystems (Karesh et al., 2005). For example,
monkeypox emerged in the United States as a consequence of the wildlife pet trade in 2003.
Human exposure resulting in 47 confirmed or probable cases in six states was traced to contact
with pet prairie dogs that had been co-housed with monkeypox virus-infected rodents imported
from Ghana (Prevention, 2003). Currently, a global outbreak of monkeypox is being sustained
through human-to-human transmission. This serves as a stark reminder of the critical importance
of supporting regional efforts for control in endemic regions, and of investing in global health
and security. The wildlife trade has been investigated as one of the key factors leading to the
emergence of SARS in 2003 and SARS-CoV-2 in 2019 (Mallapaty, 2020; World Animal Protection
n.d.). International regulation of the legal wildlife trade falls under the Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES). Data from imports and exports falling
under this agreement reveal that the legal wildlife trade is in the range of 11.5 million wild animals
from 1,316 species over a five-year period (2012-16). The United States is the greatest consumer
of legal wildlife (Can O et al., 2019). The disease risks and conservation concerns associated
with the wildlife trade (both legal and illegal) have been well-documented and the COVID-19
pandemic has renewed calls to ban the global wildlife trade (Karesh et al., 2005; Roe and Lee,
2021). However, some researchers have been urging caution as wildlife trade bans may have
substantial unintended consequences, including socioeconomic impacts on local communities
and an increase in the illegal wildlife trade (Roe and Lee, 2021; Federal Provincial and Territorial
Governments of Canada and Canadian Wildlife Health Cooperative, 2018). These issues need to
be considered from a One Health perspective, including the assessment of potential unintended
consequences such as health impacts on animals from displacement and infectious diseases.
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Sustainable Development Goals

Social determinants of health are also key drivers of pathogen emergence, thus underscoring the
relevance of the Sustainable Development Goals (SDGs). The SDGs provide a critical framework
to help improve equity, resilience, and sustainability around the world, recognizing the essential
linkages among human, other animal, plant, and ecosystem health. Inputs and activities to
achieve SDGs directly link with human health (e.g., clean water and sanitation, good health, well-
being, zero hunger, and no poverty) and One Health (e.g., climate action, life below water, and
life on land). Actions to meet the SDGs and improve the overall health of all animals, including
humans, and ecosystems also offer solutions for challenges related to zoonoses. For example,
interventions to improve access to water, sanitation, and hygiene can contribute to lower disease
rates, enabling marginalized individuals and households more opportunity for employment and
better livelihoods. Multiple calls have been made to develop multi-pronged, comprehensive
approaches to complex health challenges of the 21st century. This type of health promotion
approach would recognize the many factors interacting in different ways to drive emergence of
zoonotic diseases, antimicrobial resistance, and climate change, among many other challenges.
Many of these root causes are also addressed by actions taken to meet health and equity targets
set as part of the global SDG agenda.

Pan-Canadian Approach to Wildlife Health

Moving from our current reactive approach to wildlife health and emerging disease issues to
a sustainable, proactive approach will improve our ability to quickly detect emerging threats,
promote collaboration, anticipate problems, and sustain healthy populations of all species,
including humans. The Pan-Canadian Approach to Wildlife Health (PCAWH), approved in the
spring of 2018 by all federal, provincial, and territorial ministers responsible for biodiversity and
conservation, promotes a sustained, collaborative One Health approach to wildlife health (Federal,
Provincial and Territorial Governments of Canada and Canadian Wildlife Health Cooperative,
2018; Stephen, 2019). A key goal of PCAWH is to strengthen “Canada’s capacity to identify
and reduce wildlife health threats that put conservation, public health, or economic and cultural
opportunities at risk” (Stephen, 2019). Although approved by all levels of government, PCAWH
has yet to be implemented, a critical step to ensure that Canada has a sustained, proactive One
Health approach to wildlife health.

Recommendations

Develop and implement a One Health Action Plan for Canada to identify and mitigate drivers
of zoonotic pathogen spillover. Mitigation of new spillover events is dependent on directly
and effectively addressing predisposing conditions, beginning with reciprocal care of land and
water. New tools and approaches are urgently needed to address underlying drivers and factors
sustaining interspecies zoonotic disease transmission. There are immediate actions to be taken,
which include developing a One Health Action plan that prioritizes identification and mitigation of
drivers for infectious diseases spillover. Key drivers of pathogen spillover, endemicity, and spread
are not well understood in Canada. Addressing the root causes of emerging zoonotic diseases will
support efforts toward the United Nation'’s Sustainable Development Goals and advance Canada’s
leadership on a global scale.
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Urgently implement the Pan-Canadian Approach to Wildlife Health. The PCAWH has been
approved by the federal government and provincial and territorial partners to close gaps among
existing programs and protect wildlife health, particularly during this time of accelerating
environmental change. Clear benefits to ecological, human, and other animal health are gained
by ensuring health and biodiversity among wildlife. With a focus on threat reduction, program and
policy development, and coordination of services, key activities must concentrate on generating
health intelligence, responsible management, innovation, and effective governance. Considering
the spillover of SARS-CoV-2 into wildlife populations, and the circulation of monkeypox in humans,
implementing PCAWH is now an even more pressing matter.

The emergence of novel pathogens, including those with pandemic potential, cannotbe completely
prevented. Therefore, there is a need both to respond to new challenges quickly and effectively
and to reduce impact of emerging infectious diseases (EIDs). Underpinning the response to EIDs
is the availability and use of reliable information. Accurate and timely understanding of a situation
is critical for the assessment of risk, development of interventions, effective communication, and
situational awareness. As a result, surveillance is a core component of pandemic preparedness
and response, and is used both proactively and reactively.

A broad term, surveillance encompasses a range of information gathering and assessment
activities and includes dissemination of information, so action can be taken to control disease
(Thrusfield, 2005). Surveillance is a core component of emerging disease identification and control
and allows us to: (1) identify and respond to new infectious disease challenges, (2) prevent or
mitigate outbreaks, (3) implement pharmaceutical and non-pharmaceutical interventions, (4) guide
targeted laboratory and field research, and (5) assess the impact of control measures. Surveillance
is important in the context of rare, high-profile events (e.g., the SARS-CoV-2 pandemic), but it is
also essential for responding to disease emergence occurring over longer time scales (e.g., the
gradual expansion of tickborne disease ranges, the spread of antimicrobial resistance), highlighting
the need for a robust, responsive, and comprehensive surveillance structure.

Within these broad aims of surveillance, there is a diverse toolbox that can be used. Active
surveillance involves efforts to obtain specific information (e.g., field sampling of dead birds for
avian influenza, genomic analysis of viral or bacterial pathogens), while passive surveillance involves
the use of data available from other sources (e.g., analysis of clinical diagnostic laboratory data and
reportable disease data). Each approach has inherent strengths and weaknesses, but both must
be included and used in a coordinated manner. For example, passive surveillance can identify a
reportable disease case, and then active surveillance can be used to follow up and check for that
reportable disease in a population that would not otherwise have been investigated. Sentinel
surveillance is an additional approach used selectively to discern pathogen epidemiology and risk
in selected scenarios. For example, the Canadian Lyme Sentinel Network has conducted sentinel
surveillance of ticks in seven provinces, establishing baselines for the abundance and prevalence
of Borrelia burgdoferi (the etiologic agent of Lyme disease) and other tick-borne pathogens
(Guillot et al., 2020).

Many surveillance systems rely on laboratory data, which are best for providing information about
known problems. Diseases or pathogens that are not readily identifiable using laboratory-based
surveillance may be missed or identified late. In contrast, clinical or syndromic surveillance (e.g.,
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mortality events in wild animals) can provide an early warning of unidentified and new potential
threats. Although insensitive, syndromic surveillance is an important tool for identifying new
issues that require further investigation, speeding initial detection of problems, and generating
significant health intelligence when implemented and coordinated effectively (Dérea and Vial,
2016).

Surveillance Gaps and Challenges

There is a pressing need for an action-oriented, comprehensive plan for One Health surveillance
in Canada and for surveillance to be adaptable enough to respond to changes when needed. Key
to accomplishing a suitable plan for surveillance is identifying some of the major gaps in current
surveillance systems and recognizing the challenges inherent in establishing an ideal One Health
surveillance system.

To address emerging zoonoses, One Health surveillance systems need to operate across a range
of jurisdictions, and Canada participates in numerous international, national, provincial/territorial,
regional, and sector-specific surveillance efforts. However, when one considers that One Health
surveillance requires detailed information about diverse human, other animal, and environmental
sources, the need for multifaceted and integrated surveillance is apparent. Despite some
excellent surveillance efforts and programs (e.g., Canadian Integrated Program for Antimicrobial
Resistance Surveillance and the Canadian Wildlife Health Cooperative) (Public Health Agency of
Canada, 2007), the scope, depth, and connectivity of surveillance efforts in Canada across the
One Health spectrum is suboptimal. Optimal surveillance should be standardized, goal-oriented,
transparent, comprehensive, adaptable, sustainable, have adequate surge capacity and be
integrated within and across human, other animal, and environmental health sectors. It should also
be informed by existing knowledge of biological determinants of transmission and disease. For
example, surveillance for novel coronaviruses among animals would include advanced genomic
sequencing methods and computational biology to examine key determinants of spillover risk
and pathogenicity (Mercer and Salit, 2021) and biological characterization to assess risk to health.

Data are only useful if they are used. Inadequate effort or ability to access and translate data
into action, particularly in real time, can hinder surveillance systems. Some degree of delay is
inherent in the surveillance process as time is required to gather, analyze, and transfer information,
but when dealing with emerging issues, time lags diminish the value of surveillance as an early
identification or intervention tool.

A One Health approach to surveillance necessarily involves integrating the surveillance activities
of diverse specialists and stakeholders (One Health Case Study 2). In Canada, surveillance is
performed by a wide range of individuals and groups, including governments (Indigenous,
federal, provincial, territorial, and local), academic institutions, healthcare facilities for humans and
other animals, professional networks, and private diagnostic laboratories. Within government,
surveillance is often performed across multiple departments. This intersectionality highlights
the complexity of the issues surveillance tries to address and the importance of intersectoral
and interdisciplinary work, but it also creates potential barriers (e.g., timely and comprehensive
information exchange), inefficiencies, duplications, and gaps.
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Community-led and collaborative surveillance in the Canadian Arctic

Susan Kutz

The communities of Ulukhaktok in Northwest Territories
and Kugluktuk and Ekaluktutiak in Nunavut have come
together to work with academic and government
partners to conduct wildlife health surveillance.
Concerns have been raised about the health of local
caribou and muskoxen, which are important to these
communities (Di Francesco et al., 2022; Hanke et al.,
2022; Tomaselli et al., 2018a). To understand caribou
and muskox ecology and the population trajectory,
hunters’ and trappers’ organizations use on-the-ground
surveillance, bringing together traditional and Western
scientific knowledge. Hunters, subsistence harvesters,
and guides are provided with sample collection Kkits,
including material for data, tissue, and blood collection
(Figure 6). Hunting and trapping organizations or
government monitors liaise with the harvesters,
facilitating data recording and sample transfer for . ) o

. . . . Figure 6. Community-led wildlife health
analyses after initial processing in the community. Key g reillance sample collection kit, allowing ease
to establishing Inuit-specific relevant indicators for of collection, transport, and storage.
health and zoonotic disease are group interviews and
other participatory methods (Tomaselli et al., 2018b). University partners analyze a range of health
indicators related to nutrition and infectious diseases and examine host genetics. Key findings
are first presented back to community partners for discussion and verification and then reported
through plain language community reports, public presentations, and local social media, as well
as co-authored publications. This work is also sustained through annual interviews to understand
broader ecological and longer-term trends. Ongoing co-learning from local observation and
laboratory analysis makes this approach exceptionally impactful to both scientific and Indigenous
communities and facilitates the Indigenous voice in co-management. When relationships and
trust are built through ongoing and open communication, there are broad benefits, both at a
regional level and for a wider potential community of practice.
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Communication of surveillance activities is key and should be multidirectional and ongoing.
Stakeholders and rights holders need to be included early in surveillance initiatives to ensure that
needs are met, to identify resources to support surveillance, to identify potential synergies, and
to facilitate rapid and effective use of surveillance data. Communication between people involved
in surveillance and stakeholders must continue throughout, to ensure that surveillance data are
properly used and that emerging issues are identified and acted upon.
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How and when surveillance data are communicated is also important. Surveillance reporting
should be as granular and timely as possible, but it is limited in some surveillance programs, as the
time from data collection to release of results can be many years. This delay reduces or negates
the applied use of surveillance data.

Good surveillance is designed to provide an appropriate reflection of the broader population.
However, for reasons such as expense, logistics, or lack of knowledge, many surveillance systems
collect data that are, in fact, based on specific sub-populations and do not generalize to broader
populations. This introduces bias, which limits interpretation and conclusions (Lipsitch et al., 2015).
For example, relying on case fatality rate (proportion of deaths among confirmed cases) data
obtained from hospitals may lead to an overestimate of the overall case fatality rate of a disease
that has a range of presentations, if only severe cases are hospitalized (Lipsitch et al., 2015). These
biases can be overcome if they are recognized.

Animal health surveillance in Canada has largely focused on diseases that negatively impact
agricultural production and create food safety issues, with less direct attention to broader animal
health and welfare issues. Although foodborne and production-limiting diseases are of significant
concern, they do not fully encompass all the risks to animals (especially companion and working
animals) and non-foodborne zoonotic diseases. Improved integration of human and other animal
clinical and diagnostic data could help to move animal health surveillance toward a One Health
system.

Detection of naturally occurring diseases in humans and other animals through routine clinical
and diagnostic activities may be the most effective and efficient early response to some threats;
however, there are significant gaps in effective use of clinical diagnostic data. One example is
Echinococcus in dogs (One Health Case Study 3).

Definitive host
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typically proliferate in the liver, behaving similarly to infiltrative hepatic neoplasia (liver cancer). E.
multilocularis is usually maintained in a life cycle that involves two mammalian hosts. Wild canids
(e.g., foxes and coyotes), dogs, and (less commonly) cats act as definitive hosts, and harbour
adult parasites in the small intestine without apparent clinical disease. Wild rodents serve as
intermediate hosts, developing AE and spreading the parasite to new definitive hosts when they
are consumed. Humans and dogs can act as accidental (intermediate) hosts. Humans and dogs
can develop AE when eggs of the parasite, shed by infected definitive hosts, are consumed
(Figure 7).

Given the severity of AE, one important objective of surveillance for E. multilocularis is to ensure
timely collection of data on the distribution of the parasite to identify areas of risk for human and
dog health. AE is a rare diagnosis in both humans and dogs (Corsini et al., 2015; Deplazes et al.,
2017). Canine AE is thought to occur primarily in areas with high prevalence among wild canid
definitive hosts (Deplazes et al., 2017). As a result, dogs with AE likely represent poor sentinels for
the above-mentioned surveillance objective, demonstrated by the following example. Since 2012,
several cases of AE in dogs, lemurs, and a chipmunk were reported in the region surrounding the
western shores of Lake Ontario (French et al., 2018; Oscos-Snowball et al., 2015; Pinard et al.,
2019; Skelding et al., 2014; Turner et al., 2016). These cases were surprising since Ontario was
considered to be free of E. multilocularis prior to the first report of canine AE in 2012. A subsequent
survey of wild canids across Southern Ontario demonstrated E. multilocularis prevalence of 23%,
and infection in wild canids was shown to be widely distributed across the western, central, and
eastern regions of Southern Ontario, with a high prevalence hotspot surrounding the western
shores of Lake Ontario (Kotwa et al., 2019). Although the occurrence of index cases of AE in animals
signaled an underlying health issue and were important to the recognition of E. multilocularis
emergence in Southern Ontario, the full extent of the problem was not understood. It was thought
that E. multilocularis would be found mainly in the region where the animal cases of AE were
diagnosed. However, six years after the first index case of canine AE was reported, in 2018, a dog
from the Ottawa area with no known history of travel was diagnosed with AE (A. Peregrine, unpub.
data). In the absence of the prevalence and distribution data obtained through wild canid sentinel
surveillance of E. multilocularis, this finding would have been surprising, as all previous cases of
canine AE were diagnosed several hundred kilometres away from the Ottawa region.

At the transection of human and other animal health, pathogens with a wide range of hosts cause
many major diseases of public health importance, introducing complex transmission dynamics.
This complexity may pose considerable challenges in understanding certain pathogen systems,
but a One Health approach provides opportunities to use a wide range of species for potential
surveillance purposes.

Implementing a One Health surveillance system is undoubtedly a complex and costly endeavor
and would require adequate long-term funding to cover surveillance of human health (acute
care, community care), other animal health (wildlife, food animals, companion animals), and the
environment (air, soil, water). Funding would also be necessary to integrate these surveillance data
into a One Health system and to develop the necessary expertise, infrastructure, and coordination.
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Although expensive, investing in effective and sustainable One Health surveillance programs
would be less costly than responding to future disease emergences (see Section 5).

Recommendations

Expand and coordinate existing human, other animal, and environmental emerging
pathogen and syndromic surveillance activities at provincial, territorial, and federal levels.
These activities should be linked to academic and private sector surveillance efforts, human and
other animal diagnostic testing, and other relevant sources of data (e.g., wastewater and other
environmental testing). Overall, there must be better coordination of surveillance programs
across the One Health spectrum, with designation of responsibility for ongoing cataloguing and
communicating surveillance activities in Canada. Existing surveillance programs and groups should
be coordinated to facilitate rapid and effective exchange of information. The programs should work
together to reduce barriers to information exchange through data privacy and sharing agreements
and to establish a rapid approach to information sharing, when needed. Initiatives should be
funded to harmonize data collection and electronic data systems and facilitate efficient and
rapid collection of data across the One Health spectrum. Also essential is centralized, consistent,
curated, ongoing, and timely public and private reporting of selected surveillance activities, as
well as coordinated, sustained, and adequate funding of existing and future surveillance activities
for public health and academic partners. A companion animal disease surveillance network should
be funded, and links should be established between academic and private veterinary facilities
and diagnostic laboratories. This should have integrated communication and data sharing with
human, wildlife, and food animal surveillance networks and work closely with a proposed United
States Companion Animal Disease Surveillance Network. Data would be centralized and linked to
data from surveillance activities outlined in the Pan-Canadian Approach to Wildlife Health and the
Pan Canadian Action Plan on Antimicrobial Resistance, both of which have been developed and
approved, but not yet implemented.

Establish Centres of Excellence in One Health to link teams of scientists, diagnosticians,
practitioners, epidemiologists, and public health experts to action surveillance data and other
relevant data sources. Surveillance data are useful only when transformed into health intelligence.
This process requires contextual characterization of the pathogens from biological and
epidemiological perspectives, which is essential to informing risk and impacts of emerging zoonotic
pathogens. To assign risk based on the likelihood of spillover and potential severity of impact, this
process requires coordinated and collaborative efforts among community practitioners, academic
biomedical, human and other animal health scientists (including immunologists, virologists, and
microbiologists), public health agencies, modellers, computational biologists, and genomic and
clinical epidemiologists.

Since the onset of the COVID-19 pandemic, it has been said often and by many that “infectious
diseases know no boundaries.” The fact that this phrase has become cliché does not make it any
less true. We live in an ever more-populous world, in which our planet’s nearly 8 billion inhabitants
increasingly interface with domestic and wild animals. This heightened interaction between
humans and other animals increases the possibility that diseases of animal origin will spillover to
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humans, causing new infectious diseases with epidemic or pandemic potential. The extraordinary
global mobility of both humans and animals significantly enhances the possibility of transboundary
spread. Travel and transportation that once took months can now be accomplished in hours, thus
steepening the upward epidemiologic curve by rapidly enabling new and emerging pathogens to
spread to vulnerable hosts in new jurisdictions. We must also confront serious threats posed both
by the accidental release and the deliberate use of pathogens as biological weapons by terrorists
or states. The breadth of these challenges requires a comprehensive One Health response, in
which the skills, resources, and expertise of a multisectoral community are required to mitigate
health security threats on a global scale.

A critical balance is maintained by important relationships and interdependencies among species.
Human impact on rich, biodiverse regions provides opportunities for pathogen spillover from
animals; thus, many emerging infectious disease events are zoonotic (Jones et al., 2008; Salyer
et al., 2017). Throughout history, most significant international outbreaks and pandemics have
animal origins. These outbreaks and pandemics include the Black Death (estimated 200 million
deaths due to Yersinia pestis), the 1918-1920 influenza pandemic (25-50 million deaths due to
H1N1 influenza virus), HIV, Rift Valley fever (One Health Case Study 4) and, more recently, high
consequence coronaviruses (SARS-CoV, MERS-CoV, and SARS-CoV-2) (Acharya et al., 2021;
Deleo and Hinnebusch, 2005). In addition, there are common but less well-recognized zoonotic
pathogens bearing significant health impacts. For example, salmonellosis is estimated to cause
1.2 million human ilinesses a year in the United States, resulting in 450 deaths. Although most
of these infections are foodborne, roughly 11% can be attributed to animal exposure (Sharp and
Hahn, 2011). Close to 14% of all salmonellosis in the early 1970s were attributed to pet turtles;
however, regulations on the sale of these animals have significantly decreased infections (Bosch
et al., 2016). West Nile fever, influenza and bovine tuberculosis are further examples of diseases
of animal origin that infect humans.

Rift Valley Fever

Samira Mubareka

Rift Valley fever (RVF) is caused by Rift Valley fever virus, a phlebovirus first discovered in 1931.
The RVF virus is endemic in Africa and parts of the Middle East, where it is transmitted to humans
and ruminants (cattle, goats, and sheep) by Culex and Aedes mosquitoes. Humans may also
become infected through direct contact with infected animals and animal products. lliness in
humans is characterized by fever and headache and, less commonly, nausea, vomiting, abdominal
pain, and diarrhea. Bleeding, miscarriage, or death occur in <10% of cases. In ruminants, infection
is complicated by fetal malformations, abortion, and death, with a case fatality rate of 16-18%
among sheep and goats. The virus has a predilection for the liver (hepatotropic) and is associated
with high viral loads and dissemination to other organ systems, such as the brain in severe cases.
High levels of viremia (presence of virus in the blood) also contribute to viral transmission by



enabling arthropod vector (mosquito) infection and spread. Disease control measures require a
One Health approach that addresses all three host populations (human, ruminant, and mosquito
vector) and includes public awareness, surveillance, and reporting for each host population;
animal vaccination; biosecurity;
vector control; and policies
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Rift Valley Fever virus transmission and infection, and potential drivers. attributed to industrialization
and animal movement through
international trade or internal displacement. In recent decades, the geographic range of RVF
virus has expanded to previously Rift Valley fever-free areas, including Egypt (1977), Madagascar
(1990), and the Arabian Peninsula (2000). Genomic epidemiology suggests common ancestry,
underscoring the likelihood of undetected, smoldering inter-pandemic viral activity (Dar et al.,
2013). Outbreaks are often triggered by rainfall, flooding, and other conditions, favouring mosquito
population growth. Regional armed conflict has also played a role in driving RVF outbreaks both
through human and other animal displacement and by compromising pathogen detection and
control efforts (Figure 8). For example, an atypical outbreak in Sudan occurred outside of the rainy
season in 2019. One of the key drivers was thought to be the targeting of health professionals by
military forces, impeding capacity to respond early in the outbreak (Ahmed et al., 2020). Animal
exportation was also thought to play a significant role (Ahmed et al., 2020). RVF virus is a potential
biothreat, thus epidemic activity may a) destabilize regional health and security, and b) increase
the risk of spread to non-endemic areas.

A One Health approach to the control of RVF was instrumental in managing viral activity in East
Africa through the establishment of a Global Disease Detection Division (now the Division of
Global Health Protection) through collaborations between the United States Centers of Disease
Control (CDC), CDC Kenya, the Kenya Medical Research Institute (KEMRI), and the Kenya
Ministry of Health (Munyua et al., 2019). This approach involved building diagnostic and research
capacity, including a biocontainment level 3 laboratory at KEMRI and formalizing inter-sectoral
collaboration for outbreak management through the establishment of the Zoonotic Disease
Unit with support from the United States Cooperative Biological Engagement Program of the
Department of Defense and Biological Engagement Program of the Department of State. In



addition, Kenya'’s Field Epidemiology and Laboratory Training Program (FELTP) was established
for workforce development to support outbreak response and mitigation using a One Health
approach. Gaps in One Health have been noted and continue to be addressed at a regional level
through a 10-year Strategic Action Plan for health and environment interventions in Africa from
2019 to 2029, which is further supported by the International Livestock Research Institute, the
Africa One Health University Network, and the Africa Centers for Disease Control and Prevention’s
One Health Program (Otu et al., 2021).

When examining infectious diseases through a One Health lens, we must appreciate that species
spillover is not unidirectional; humans may also transmit pathogens to animals. Many examples
exist, such as the transmission of influenza virus from humans to pigs during the 2009 influenza
pandemic, and more recently, the transmission of SARS-CoV-2 to domestic, farmed, and wild
animal species. Recent work in Canada and by the United States Department of Agriculture (USDA)
has identified evidence of exposure to SARS-CoV-2 in white-tailed deer. This new information
heightens awareness of the potential role wildlife may play in the epidemiology of the COVID-19
pandemic (Chandler et al., 2021; Kotwa et al., 2022; Pickering et al., 2022). Could these animals
establish a natural reservoir, or are they simply a dead-end host with no role in driving viral activity
and impact? In 2020, numerous farmed minks in Europe were depopulated because of the SARS-
CoV-2 outbreak, and surveillance efforts were put into place to understand the risk from mink
farming. In Denmark, mink-derived mutations were identified in the SARS-CoV-2 genome and
fears were raised following evidence of transmission of these variants back to humans and then
subsequently between humans in the community (Fenollar et al., 2021; Hammer et al., 2021).
Concerns about the potential for this new SARS-CoV-2 strain to escape vaccines under production
ultimately contributed to the mass culling of mink in Denmark, significantly impacting the global
mink industry. The ebb and flow of viral transmission between humans and other animals may
drive adaptive viral evolution among potential hosts. It has therefore become critical to better
understand this evolutionary plasticity and its implications.

External Threats Need Internal Solutions

The COVID-19 pandemic has challenged Canadians and the international community in many
ways. It has offered difficult yet important lessons. To ensure the health and wellness of Canadians,
we can no longer simply look inward and focus domestically. SARS-CoV-2 did not originate in
Canada; like most novel pathogens, it emerged outside our borders. However, unlike MERS-CoV
and Ebola virus, community transmission became rapidly established shortly after international
spread occurred. The lesson is clear— to protect Canadians from emerging and re-emerging
disease threats, a sustainable program must be established through collaborative efforts, and
supported by reliable government policy to make a global One Health approach an integral
component of Canada’s national and foreign policies.

Governments traditionally prioritize issues that require immediate, urgent responses and that
capture the electorate’s attention. Whether dealing with a pandemic, natural disasters, social
programming, health care, or education issues, governments tend to focus on the "here and
now” and to announce and deliver near-term responses that align with electoral cycles. Although
it is understandable and important that governing parties invest political and financial capital to
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extinguish raging fires, too often too little attention is paid to investing in risk reduction that could
have prevented the blaze from taking hold in the first place.

The prioritization of the here and now is evident when it comes to investments in One Health
and global health security, as demonstrated by the staggering costs of the pandemic. Although
the ultimate cost of responding to the pandemic for Canada and the world may never be known,
preliminary estimates highlight unprecedented global financial and social damage. When factoring
in direct expenditures, financial stimuli, lost productivity, trade disruption, healthcare, and mental
health (both short and long-term), and the myriad of other resulting costs, the pandemic’s price
tag has no contemporary equivalent. One recent analysis concluded that the pandemic is costing
Canada $1.5 billion per day (Lorinc, 2021). Globally, the International Monetary Fund (IMF) has
projected that “the loss of global economic output between 2020 and 2025 as a consequence
of the pandemic would total $28 trillion and that 120 million jobs would be lost permanently in
the tourism industry alone” (Jackson et al., 2021, p.9). The cumulative economic impact from
COVID-19 in the United States is estimated to be more than $16 trillion, or approximately 0%
of annual gross domestic product, a sum more than four times the economic impact of Great
Recession, and more than double the monetary value for all the wars fought by the United
States since September 11, 2001 (Global Health Security Agenda, 2018). Investing in One Health
initiatives will foster improved policies and actions from Canada and its global partners, but also
bear cost savings that will economically benefit all Canadians and establish Canadian leadership
on the global stage.

The ongoing COVID-19 pandemic—like so many outbreaks and infectious disease events in the
past—offers important lessons for Canada and the international community. Perhaps the most
critical is the imperative to adopt a global One Health approach to support national health-
security interests. Although it is understandable and essential that the primary preoccupation
of Canadian health professionals and scientists is infectious diseases already circulating within
our borders, we must enhance our efforts and be proactive to prevent, detect, and respond to
global biological threats—both known and unknown to Canada. While there are many critical
differences between SARS-CoV, HIN1, and SARS-CoV-2, and most recently, highly pathogenic
avian influenza virus (H5N1), one element of commonality among these pathogens is that each
came to Canada from abroad (in 2003, 2009, 2020, and 2021, respectively). As these examples
illustrate, it is impossible in the modern age to fully insulate our nation from a highly contagious,
new, or emerging infectious disease that emerges anywhere on our interconnected planet. In
this context, it is in Canada’s direct national interest to engage and invest more in global health
security.

While the concept of Global Health Security (GHS) has been around for several decades, it has
gained momentum and adherents in recent years. A key milestone in the maturation of GHS was
the creation in 2014 of the Global Health Security Agenda (GHSA), a group that now comprises
some 70 countries, international organizations, non-government organizations, and private-sector
companies that “have come together to achieve the vision of a world safe and secure from global
health threats posed by infectious diseases” (Global Health Security Agenda, 2018). Launched in
the shadow of the devastating Ebola outbreak that ravaged West Africa in 2014-15, the GHSA
recognizes the diverse range of health security threats posed by infectious diseases—whether
naturally occurring, deliberate, or accidental—and underscores the need for “strong multisectoral
engagement, including human and animal health, agriculture, security, defense, law enforcement,
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development assistance, foreign affairs, research, and finance sectors, among others” (Global
Health Security Agenda, 2018).

Unfortunately, the GHSA has yet to achieve its full potential, in part because the commitment to
multisectoral engagement and collaboration remains more aspirational than real. A key reason
for this is the persistence of sector-specific silos, a backward- and inward-looking approach that is
anathema to the One Health objective at the core of the GHSA. The reluctance of many traditional
health partners to engage fully with GHS stakeholders from the defence, military, and security
sectors is but one example of this unworkable approach (Carlin et al., 2021)

Canada is uniquely positioned to demonstrate the efficacy and utility of a multisectoral One Health
approach. For decades, Canada has been at the forefront of several One Health efforts, with the
Canadian Science Centre for Human and Animal Health in Winnipeg, home to both the Public
Health Agency of Canada’s (PHAC) National Microbiology Laboratory and the Canadian Food
Inspection Agency’s (CFIA) National Centre for Foreign Animal Disease, and the first facility in the
world to house both human and animal containment level 4 labs in the same complex. The long-
time collaborative relationship between PHAC and CFIA is complemented by their respective
partnerships with Global Affairs Canada’s Weapons Threat Reduction Program (WTRP). The WTRP,
which is Canada’s contribution to the G7-led Global Partnership Against the Spread of Weapons
and Materials of Mass Destruction (GPWMD, n.d.), has been spearheading efforts for nearly two
decades to strengthen Global Health Security and mitigate threats posed by the deliberate use
of disease as a weapon.

Importantly, the WTRP and the broader Global Partnership community have long recognized
that the tools best suited to combat deliberate disease are the same ones required for natural
or accidental outbreaks, and they therefore have been proactive in engaging partners from the
public and animal health sectors to tackle shared threats and priorities. The expertise and facilities
resident in PHAC and CFIA, when combined with the financial resources and international
networks of Global Affairs Canada’s Weapons Threat Reduction Program, have proven a powerful
combination, with the demonstrated ability to deliver tangible, mutually beneficial health-security
results.

However, as novel threats emerge and pandemic-associated capacity shrinks, there are widening
gaps in program support and coverage, with an urgent need to address these pre-emptively
through effective and rapid coordination, prioritization, and mitigation. As the world recovers from
the worst pandemic in a century, instruments for preparedness and response are being developed
at the international level to incorporate lessons learned. Consideration is being given to revision
of the International Health Regulations, which are currently devoid of a framework to prevent
pathogen spillover into humans and a Pandemic Treaty to address prevention and response,
which includes equitable vaccine distribution (Labonté et al., 2021). Canadian leadership in these
and other international efforts is currently lacking—a significant concern from both domestic and
global perspectives.

Recommendations

Position Canada as a leader in Global Health Security. Taking a leadership role includes
contributing to global efforts—such as the proposed World Health Organization Pandemic Treaty
and the proposed Global Health Threats Board (G20)—and enhancing ongoing contributions to
the Coalition for Epidemic Innovations (CEPI).
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Incorporate clear objectives for One Health into Canadian foreign policy. Doing so wiill
position Canada as a global leader in One Health and a champion of efforts to ensure global
health and security.

Establish a Global One Health Security Office. This office must be mandated both to monitor
and mitigate all manner of external biological threats to Canada and to serve as a nexus for
Canadian contributions to international efforts. Reporting or coordination mechanisms with the
National Security Advisor, a One Health Council, and any Special Advisors to ministers are also
needed.

It is an unfortunate fact that our world is riddled with social inequities. In times of crisis, more than
any other, these inequities are accentuated. The COVID-19 crisis is an accelerated version of the
heightened inequities that other crises, such as the climate crisis, sustained on a more protracted
timescale. The inequities related to exposure to and impacts of zoonoses, such as COVID-19, and
climate issues share the same roots. Originating upstream, problems disproportionately affect
people already suffering from pre-existing and systemic inequities.

The exacerbation of health inequities during the COVID-19 pandemic underscores the need for a
comprehensive and inclusive approach, such as One Health. As with many of the approaches in the
Ecosystem Approaches to Health (Bunch and Waltner-Toews, 2021), One Health operates under a
complex-systems framework. However, initial One Health initiatives did not have “equity ingrained
as a core principle in its approach” (Harrison et al., 2019). Things are changing, however, and One
Health practitioners are increasingly considering equity, or rather inequities (Friedson-Ridenour et
al., 2019). For example, the Global 1 Health Network has four Research Enabling Platforms, one of
which is ensuring equity in the COVID-19 policy response. Adopting this perspective invites us to
appreciate the existence of different pathways of exposure based on sex/gender, socioeconomic
and other inequities affecting a complex system of interrelations at various temporal and spatial
scales. These considerations are essential with the COVID-19 syndemic (two or more epidemics
enhancing the burden of disease; Singer et al., 2017). In this section, we outline the web of factors
that lead to health inequities, including how intersectionality plays a role, and how crises and
responses to crises exacerbate pre-existing inequities.

Health Inequities

Social inequity is rooted in the dominance of one group over another. Social inequities—including
gender, ethnic, territorial, and economic inequities—lead to marked inequities in health and well-
being across populations. Gender inequity is ubiquitous but not uniform as it combines with other
health inequities such as homelessness, poverty, or structural racism (Abrams and Szefler, 2020;
Bailey et al., 2017; Craig, 2020; van Daalen et al., 2020; Yaya et al., 2020). This interaction has been
variously termed and analyzed: matrix of oppression (Hill Collins, 1990), co-constitution (Bilge,
2015), co-substantiality (Kergoat, 1982) and intersectionality (Cho et al., 2013; Crenshaw, 1989;
Crenshaw, 2019). Attention to this can illustrate how people’s experiences of hazards differ across
multiple intersections such as location, ethnicity, gender, and age and how these differences are
influenced by broader social structures and power relationships, such as histories of colonization
and gendered norms and expectations (Walker et al. 2021). In Canada, the economic repercussions
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of social inequities highlight the vulnerability with which certain populations, including women,
youth, recent immigrants, and racialized people, live (Bastien et al., 2020).

The societal roles attributed to genders and the life experiences of individuals, marked by
their differing economic, social, and physical conditions, bring people into contact with their
environment, including zoonosis, differently. For example, in many parts of the world, girls and
women are responsible for raising household livestock, shopping at wet markets, and preparing
animal-derived food for household consumption. This proximity to animals can put them at greater
risk of exposure to zoonosis (Bagnol et al., 2015). Further, as primary food providers, girls and
women can be disproportionately affected by food insecurity. They must care for malnourished
family members and work extra hours to make up the shortfall. For example, depending on the
region, women farmers are responsible for a substantial proportion of all food production in
developing countries. Due to climate change, traditional food sources are increasingly difficult
to predict, making it a challenge for women to feed and provide for their families. In situations
like this, some people are at higher risk for various diseases, and by seeking non-traditional food
sources, they may be more likely to contract zoonoses (Keatts et al., 2021).

Mining and One Health in the Yukon during the COVID-19 pandemic

Anne Mease

At the onset of COVID-19 in 2020, the Yukon Territory went into total lockdown. Although we had
only five cases by June 2021, our state of emergency lasted until August 4, 2021. Our borders
were closed, our gatherings were limited to small bubbles, and 14-day quarantine measures were
strictly enforced. Those exempt from these restrictions included essential service employees,
including healthcare workers and supermarket staff. Mining was included as an essential service
on the premise that mining contributes to a strong and healthy Yukon economy (Gignac 2020a),
yet other industries that provide the same economic benefits, such as tourism or hospitality, were
not considered essential.

While other mining companies across Canada were able to go into care and maintenance mode
to protect the miners and nearby communities, major mines in the Yukon were either unable or
unwilling to do this. First Nations communities affected by mining, such as Mayo (First Nation of
Nacho Nyak Dun), Pelly Crossing (Selkirk First Nation), or Dawson City (Tr'ondek Hwech'in First
Nation), took matters into their own hands by setting up check stops outside their communities,
thus mainly prohibiting mine workers from entering their communities.

Because the Yukon Government supported and encouraged mining activity during this time,
leaders such as Chief Simon Mervyn of the Nacho Nyak Dun First Nation in Mayo, Yukon passed
Resolution #044-2020, which reads as follows: “We direct that any mining or other industrial or
commercial activity currently underway on NND settlement land cease immediately” (Gignac,
2020a). In addition, former Chief Angela Demit of the White River First Nation asked the Yukon



Government (YTG) to “suspend all Mining Activity During COVID-19 State of Emergency to
protect Elders and most Vulnerable” (Rudyk, 2020; Bernauer and Slowey, 2020). These requests
were made under the autonomy of self-government; however, they went unheeded as the Yukon
government maintained that mining was essential to the economy, and consequently mining in
the Yukon would be “open for business” (Bernauer and Slowey, 2020).

What was not considered in allowing the mines to operate and mining exploration to proceed
was the overall health of the people, wildlife, and habitat. During the pandemic, people have
grown increasingly dependent on the land for food security and well-being (Elliot, 2021a). As a
result, throughout the pandemic, we became more reliant on the land for subsistence—to make
sure there was enough food because we had no clue what this virus was or how long it would
last. In turn, we increased our harvesting of ungulates, fish, and berries—while at the same time
adhering to our traditional laws of not hunting cow moose for any reason and reducing our salmon
catch limit, not an easy task because our diets rely on these foods for sustenance and medicine.
However, this need for added food security also put pressure on the environment because more
hunters disturbed the land with all-terrain and other mechanized vehicles, putting our flora and
fauna in danger in the coming years and placing our food security—and thus our health—at risk.

The challenges posed by COVID-19 in the Yukon only compound pre-existing issues, including
controversy over a mine in the territory of the Kaska and in the range of Finlayson caribou, which
matters to the culture and food security of the Kaska (Gignac, 2021). Additional critical concerns
included the degrading treatment of Indigenous women in the Yukon and discrimination and
personal safety concerns in British Columbia’s mining sector (Gignac, 2020b). At the same time,
some companies announced increased gold production during the pandemic period, also marked
by a cyanide spill (Elliot, 2021b; Victoria Gold Corp, 2021).

We must also consider longer-term land health when resource roads, mining, and other land-
disturbing projects are proposed, because of the links between permafrost thaw and diseases such
as anthrax. An outbreak of anthrax in Russia in 2016 resulted in the death of a child, hospitalization
of over a hundred people, and decimation of reindeer. The outbreak was associated with melting
permafrost and the release of bacteria from animals buried centuries earlier (Ezhova, 2021).

Many Indigenous people plan for the next seven generations to ensure the well-being for those
yet to be born and for the natural world—a concept that others can learn from.

Lessons from COVID-19

The dynamics of dominance regularly place certain populations in different health situations (One
Health Story Box 1). When a crisis hits, people who are already disadvantaged are at higher risk
than others. In addition, the decisions made about solutions to the crisis often impact these same
populations more severely. The COVID-19 crisis exposed a weakness built into the healthcare
system: Because healthcare workers in assisted-living facilities, who are mostly women, work in
multiple facilities, they are exposed to more outbreaks and risk severe illness and/or transmitting
SARS-CoV-2 to others. Furthermore, these low-paid jobs are often occupied by racialized women
or immigrants, whose living conditions do not always permit physical distancing (Statistics Canada,
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2020). Over half of all female workers (56%) in Canada are employed in occupations involving
the '5 Cs': caring, clerical, catering, cashiering, and cleaning (Statistics Canada, 2017). These
are precisely the types of jobs that are directly involved in containing pandemics and providing
needed care and support. In Montréal, 46% of women of working age who have been diagnosed
with COVID-19 by June of 2020 were healthcare workers, whereas the proportion for men is 19%
(Springmann, 2020).

Women tend to occupy lower paid positions in the service and care sectors. For example, in
assisted living facilities, 89% of attendants, who do most of the care requiring close contact with
patients, are women, and 46% of these women are visible minorities. These jobs are characterized
by atypical schedules, placement agencies cobbling together schedules in different facilities,
inadequate protective equipment, use of public transportation to get from one placement to
another, and home situations that render physical distancing difficult (Springmann, 2020; Germain,
2016). The greater infection rate among women can be explained by the fact that women more
often occupy jobs that require them to be in close contact with other people. This is not only the
case in the health sector. Women comprise nearly all daycare providers and most community
workers, grocery tellers, and restaurant attendants—all jobs where physical distancing is difficult
(Springmann, 2020).

Evidence is emerging that disadvantaged groups have suffered disproportionately from
COVID-19. According to a study in New York State, Black and Hispanic people die more from
COVID-19 than white people, overall, but this is not the case when they are admitted to acute
care, where Black and Hispanic populations have “lower in-hospital case-fatality rates than white
populations” (Ogedegbe et al., 2020). Disaggregated COVID-19 data have not been consistently
collected across Canada; however, Statistics Canada (2021) has reported that COVID-19 mortality
rates were two times higher in neighbourhoods with the largest proportion of visible minorities
compared to neighbourhoods with the smallest proportion. These examples point to inequities in
access to health care as a critical determining factor in COVID-19 survival rates in both the United
States and Canada. Although, people’s health status is dependent upon social determinants of
health, access to health care also plays an important role, especially where access is scarce and
dependent upon one’s financial situation. There are important disparities in healthcare access in
Canada, where healthcare is provided by brick and mortar institutions, and through community
programs for both individual patient care (community access programs for outpatient clinics and
in-home care) and public health. The unevenness in the delivery of these services may in turn
potentiate further socioeconomic stress where barriers exist.

Another impact of COVID-19 has been the toll it has taken on people’s mental health. A meta-
analysis looked at the psychological impacts (anxiety, depression, panic attacks, post-traumatic
stress) of COVID-19 around the world. It concluded that the groups most at risk of developing
mental health problems are women, nurses (who are often women), people with less financial
means, individuals with deteriorating health, and people living in isolation (Bastien et al., 2020).
This anxiety is related to the risks of contracting the disease, but it is also a response to changes
brought on by decisions made to minimize the impact of COVID-19. These solutions often had
differing impacts on distinct sectors of society. For example, research has shown that women across
the globe bore the brunt of government decisions to close schools. Following pre-COVID trends,
women have contributed more than men to the extra tasks brought on by mitigation measures
(Kantamneni, 2020). Twice as many women as men reported having challenges balancing paid
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work and childcare in October 2020 (Yavorsky et al., 2021). The extra burden of caring for and
schooling children translated into reduced productivity in the paid work sphere for women. This
effect is demonstrated in the decline in women’s scientific output: a study of approximately 50,000
articles published in medRxiv, a major preprint repository for the health sciences, found that the

gap between the number of male and female authors increased from 23% in January 2020 to 55%
in April 2020 (Andersen et al., 2020).

Work in crisis settings has shown that more violence against women (including sexual violence) is
reported after disasters (WHO Department of Injuries Violence Prevention, 2005). An international
report by the United Nations highlighted that one in five women who are refugees or who have
been displaced because of a natural disaster has experienced sexual violence (UN Climate
Change, 2019). This escalation of violence toward women has occurred during the COVID-19
crisis, as well. Women who suffer from domestic violence can escape constant exposure by going
to work, but during shutdowns, women are constantly exposed to the risk of violence in the
home. As well, the stress of losing family revenue can increase tension and violence. In Ontario,
“the Violence Against Women Hotline saw a 60% increase in calls during the second wave of the
epidemic, compared to the same period in 2019" (Ici.Radio-Canada.ca, 2021). The consequences
of the lockdown on violence against women was anticipated by people working in the field and
should have been anticipated and mediated by governments implementing non-pharmaceutical
interventions.

Recommendations

Engage community groups and communication scholars to help devise better access to
timely, effective, and trustworthy information for populations in situations of vulnerability.
To reduce health inequities, the information and guidance related to zoonoses needs to be
communicated in a way that ensures that marginalized people can both trust and understand
(Corbie-Smith, 2021; Razai et al, 2021; Bloom, 2021). The information provided needs to be easily
accessible to all vulnerable populations, and the language used needs to be easily understood.
Clear guidance, including on how to access care, will reduce health inequities related to education
level and language barriers, as well as reduce any stigma which arises from misinformation.

Collect consistent and disaggregated social and demographic health data to identify health
inequities. High-risk populations should be prioritized; however, there is a large gap in data
collected in Canada on social determinants in health care. Very few provinces have collected this
information during the COVID-19 pandemic (Blair et al., 2021). There is a need for consistent and
disaggregated social/demographic data collection on health across the country so that health
inequities, including those related to access to care, can be properly identified, and equitable
policies can be implemented. Similar recommendations on the need for race- or ethnicity-
based data have been provided in previous RSC briefings: Impacts of COVID-19 in Racialized
Communities and The Epidemiology of COVID-19 in Canada in 2020.

Ensure that Canada’s commitment to social equality is advanced by applying gender-based
analysis plus (GBA+) to the analysis of all data, with meaningful inclusion of equity deserving
groups in a One Health Action Plan for Canada. Gender-based analysis plus (GBA+) is a tool that
can be used to evaluate what the impacts of certain initiatives, such as policies and services, might
be on diverse groups of women, men, and people with other gender identities. Represented by the
‘plus,” factors such as age, sexual orientation, disability, education, language, geography, culture,
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indigeneity, and income are considered to intersect. Quebec and Canada have already adopted
the principle of GBA+, but its application is inconsistent. It is not new policies that are needed
but their effective implementation. A standardized screening process, whereby a certain set of
questions are asked of each potential policy, could be developed to facilitate implementation.

A One Health Curriculum

The challenges of human, other animal, and ecosystem health are complex and increasingly
interrelated. Issues related to zoonotic pathogens, antimicrobial resistance, and climate change
do not respect species or geopolitical divides. Professionals across the diverse disciplines related
to animal and human health need a firm academic grounding beyond narrow professional
constructs, including an understanding of the interface among their disciplines and with areas of
ecology, social science, and Indigenous knowledge.

To achieve this holistic knowledge base, programs in veterinary, medical, and other health
professional education should include core competencies related to One Health in their curricula.
Already used by leading medical and veterinary education organizations, existing frameworks
can become the basis to establish education programs using accreditation standards within
their respective jurisdictions. Establishing One Health education programs within accreditation
standards will assure consistent and more universal adoption of One Health curricula.

To successfully tackle the complex and urgent health and environmental challenges of the 21st
century, a strong workforce of skilled individuals and leaders is needed. Critical knowledge and skills
are required to apply integrated and collaborative approaches, foster knowledge and resource
sharing across disciplines, knowledge traditions and communities, and maximize the likelihood
of creating proactive, effective, and sustainable solutions (Barrett et al., 2019; Cleaveland et al.,
2017; Parkes et al., 2020; Togami et al., 2018; Whitmee et al., 2015).

To meet this growing need, institutions across the world have been developing One Health training
programs, however, only recently have efforts been made to develop shared competencies and
learning outcomes for One Health to help ensure consistent and robust training across institutions.
Competency-based education has been used for decades, including in, but not limited to, human
and veterinary medicine and public health (AAVYMC Working Group on Competency-Based
Veterinary Education et al., 2018), ensuring that, regardless of the institution, students leave their
respective programs with the specific skills, attributes, and knowledge needed for successful
practice (Public Health Agency of Canada, 2021). Following the establishment of competencies,
specific learning outcomes are identified that provide a scaffold for students to ultimately achieve
the desired competency (Albanese et al., 2008; Hooper et al., 2014). Efforts are underway in
Canada to develop core competencies for One Health, which will likely include competency
in health knowledge and understanding, problem solving and critical thinking, leadership and
collaboration, communication, and professional and ethical behaviour.

Emerging Zoonoses Research: The Road to Recovery and Preparedness

Because of the complexity of the research questions at hand and the interdisciplinarity essential to
research programs focused on One Health, it may be challenging to finitely define what constitutes
One Health research. Here we consider research examining multiple (but not necessarily all) facets
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of health, including that of ecosystems, humans, and other animals to be applying a One Health
approach. In this policy report we focus on zoonotic disease research, but evidently there is an
expanse of research beyond this area that merits deeper consideration, including equally pressing
questions around health and climate change, pollution, forest degradation, biodiversity, social and
political ecology, socioeconomics, geopolitics, food security, and armed conflict, among others.

One Health zoonotic disease research is expansive and may include hypothesis-driven research,
translational research and development, implementation, and evaluative sciences (One Health Case
Study 5). For example, examining the effect of artificial light on bird immunity and susceptibility
to infection by West Nile virus is as much a One Health project as is looking at the impact of
pasteurization of water buffalo milk on Brucella control and farmer health and livelihood. Both
examine health from more than one perspective and stand to improve it.

Bats and their ability to coexist with their viruses

Arinjay Banerjee

Chiroptera—bats—is the only true flying mammalian order. With 1400 different species, bats
represent a diverse group of mammals. Bats perform essential ecological roles, such as pollination,
insect control, and seed dispersal, all of which are critical for the sustenance of our ecosystem and
planetary health. Despite the important ecological role of bats, studies have now identified that
some bat species are reservoirs of emerging viruses that can cause significant disease in humans
and livestock.

Over 150 different viruses
have been detected
in multiple bat species
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Chiroptera severe disease in humans,
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filoviruses, and paramyxoviruses—causative agents of important and often severe human and
agricultural animal infections (Figure 9; Huang et al., 2013; Li et al. 2005; Memish et al., 2013;
Moratelli and Calisher, 2015; Schountz, 2014). A recent study found that global bat species
are reservoirs of coronaviruses (Grange et al., 2021; PREDICT Consortium, 2020; PREDICT
Consortium, n.d.) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is thought
to have evolved in Rhinolophus bats (Banerjee et al., 2021; Banerjee et al., 2019, Hul et al,,
2021; Wacharapluesadee et al., 2021; Zhou et al., 2021). Despite evidence that they harbour
these viruses, infected bats do not show visible signs of disease (O’'Shea et al., 2014). Indeed,
multiple species of bats can coexist with multiple families of viruses without demonstrating
disease symptoms, including coronaviruses. Intriguingly, bats that are naturally or experimentally
infected with some of these viruses do not demonstrate classical signs of disease (Guito et al.,
2021; Munster et al., 2016; Seifert et al., 2020,). In addition, bats can also rid themselves of the
virus (Amman et al., 2015; Schuh et al., 2017). But bats are not immune to all virus infections.
For example, Tacaribe virus causes disease, and sometimes death, in bats (Cogswell-Hawkinson
et al., 2012). And because Chiroptera is a diverse order, information from studies on one genus
or species may not apply to all bats. However, observations of bat immunity have convinced
researchers to investigate the immune responses in bats against these highly pathogenic viruses
(Banerjee et al., 2020).

Understanding how bats control infection with viruses that cause severe disease in humans will
provide importantinsights for the development of new drugs or drug targets to control and manage
human infections. In recent research, we have shown that cells from Pteropus alecto and Eptesicus
fuscus have evolved the ability to strictly control virus infection-mediated inflammatory responses,
which may contribute to the lack of overt disease symptoms in bats (Ahn et al., 2019; Banerjee
et al., 2017; Pavlovich et al., 2018). Pathology observed in patients with SARS, COVID-19, and
Middle East respiratory syndrome (MERS) is largely driven by an excessive inflammatory response
generated upon infection with these CoVs (Blanco-Melo et al., 2020; DeDiego et al., 2014; Lau et
al., 2013; McDermott et al., 2016). Thus, understanding virus-host interactions in bats is not only
an intriguing biological question but perhaps also important in controlling detrimental disease
outcomes in other mammals.

All mammals, including humans, are infected by viruses. Some viruses cause severe disease in
humans, such as Ebola virus, whereas other viruses, such as herpes viruses, can cause long-term
persistent infection with limited disease symptoms. However, the detection of viruses in wildlife,
such as bats, does not necessarily mean that these viruses will actively cross the species barrier to
infect humans. A multitude of factors must align to cause spillover of a virus from a wildlife species
into humans (Plowright et al., 2017). It is important to acknowledge that bats are no more likely
to infect humans with a novel virus than are other known mammalian reservoirs of viruses, such
as rodents (Mollentze and Streicker, 2020), and to examine the anthropogenic behaviour that is
responsible for the spillover of bat- or other wildlife-borne pathogens into the human population.
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Clear challenges exist with a One Health approach to research. Fragmented, ineffective research
outcomes may be secondary to persistent silos, competition (for financial support or recognition),
conflicting priorities, poor planning and coordination, differing values, short-term and limited
support, and a myriad of other impediments. Mutual goal and scope-setting at the outset is
helpful. Starting conditions, including investigator experience, the research context, and relational
dynamics between researchers can set the tone for process and influence outcomes; one study
examining health events (97% related to infectious diseases) found several determinants of
productive One Health research collaborations, including education and training, prior experience
and existing relationships, organizational structures, organizational culture, human resources,
communication, network structures and relationships, leadership, management, available and
accessible resources, and the political environment (Errecaborde et al., 2019).

COVID-19 has inarguably revealed the interconnectedness between key domains of human and
other animal health, with strong links to habitat and ecosystem health through possible knock-on,
if not causative, effects. Thus, the Chairs of the Lancet One Health Commission have called for a
One Health research coalition for COVID-19 (Amuasi et al., 2020). Unfortunately, research efforts
remain loosely coordinated where they exist, with vast lacunae where they are absent. These gaps
are present within the conventional framework of One Health research encompassing all animals,
including humans, and ecosystems. They also exist across disciplines, where biological (virology,
bacteriology, mycology, parasitology, immunology, computational biology), epidemiological
(disease ecology, modelling, and clinical epidemiology), environmental (ecosystems, climate,
landscape immunity), and social (human populations structures, cultures, economics, geopolitics,
and governance) research suffers from important omissions in substance and collaboration. Finally,
ensuring that public health and academia engage with each other is essential to high quality,
relevant, and immediately actionable research to guide decision-making; while some examples
exist, there were many missed opportunities over the course of the pandemic in Canada.

Substantial challenges exist with One Health research funding in Canada. Tri-Agency—Canadian
Institutes for Health Research (CIHR), Natural Sciences and Engineering Research Council
(NSERC), and Social Sciences and Humanities Research Council (SSHRC) funding has occasionally
supported projects with One Health aspects. However, there are scant sustained and truly
multidisciplinary funding schemes focusing on One Health approaches to emerging pathogens
and zoonoses or other aspects of One Health. CIHR's Institute of Infection and Immunity (Il)
has supported zoonotic disease research networks, but these remain narrow in pathogen scope
(e.g., Lyme Disease Network, antimicrobial resistance). The recently released Institute of Infection
and Immunity Strategic Plan, identified priorities, including global infectious disease threats,
climate change-related zoonoses, and One Health approaches for antimicrobial resistance.
These represent welcome progress provided there are substantial and sustained commitments
to building the expertise, networks, workforce, and infrastructure (both physical and regulatory)
required to execute this and broader work.

To date, there have been few, if any, panels with the combined expertise to consider One Health-
related proposals. Because most One Health proposals overlap with multiple funding agencies,
these tend to fall in between agency priorities for funding, and are left unfunded. The Canadian
Safety and Security Program (Defence Research and Development Canada) and the Public Health
Agency of Canada’s Infectious Diseases and Climate Change fund have supported One Health-
oriented projects, which have catalyzed several regional and national initiatives. However, without
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long-term prospects for support, there are high opportunity costs due to unsustainability, and
One Health research does not lend itself to one- to two- year timeframes. The lack of pre-existing
intramural and other executive research bodies (e.g., equivalents of the National Institute of Allergy
and Infectious Diseases Laboratory of Virology; Rocky Mountain Laboratories, Montana; Centers
for Research in Emerging Infectious Diseases; National Biocontainment Laboratories and Fogarty
International Center) put Canada at a clear disadvantage, both domestically and internationally
during the pandemic. It was also not immediately evident with whom partnerships were possible,
with public health and academic research at arm’s length from each other and many government
scientists seconded to operational tasks, particularly early in the pandemic. Canada has also not
invested in programs to tackle zoonotic diseases in the same manner as other leading initiatives,
such as the EcoHealth Alliance in the United States or the Friedrich Loeffler Institute in Europe.

There have been some regional initiatives, such as Quebec’s Multi-Party Observatory on Zoonoses
and Adaptation to Climate Change, part of the Government of Quebec’s 2020 Climate Action Plan
supported by the Green Fund (Germain et al., 2019). However, there are no national observatories
to support research prioritization. In addition, regional initiatives cannot be conducted effectively or
meaningfully in Canada unless they involve Indigenous scholars, health organizations, knowledge
holders, and governments, particularly in areas around Arctic One Health, wildlife surveillance,
and Indigenous Peoples’ health. The Institute of Indigenous Peoples’ Health at CIHR has funded
several Indigenous COVID-19 rapid-response grants, but like so much other catalyst COVID-19
funding, there are no clear plans to leverage these investments for long-term projects around
zoonotic disease and Indigenous health.

In addition, limited investment has been made in international One Health research. Meaningful
participation by Canadian scientistsis essential to (1) contribute to global efforts to combat infectious
diseases (most importantly) and (2) enable efforts to protect Canadians from transboundary
novel and emerging pathogens. Initiatives such as the Global Governance Research Network
on Infectious Disease (GGRID) are commendable but limited and require further investment
and expansion. It is critical to also support international One Health research integrating natural
sciences. Without foundational knowledge of non-endemic etiologic agents, we will continue to
have too few experienced scientists able to competently work on special pathogens. There is
also limited coordination among high level (3 and 4) containment laboratories in Canada—each
function as a silo and has limited capacity to collaborate nationally, let alone internationally, and
there is an excess of both overlap and gaps in emerging zoonoses projects. Also, few academic
centres have the capacity to focus on zoonotic diseases for animal health (e.g., there is limited
work on pathogens such as Brucella canis). Finally, from an ecological perspective, without
understanding the drivers of pathogen emergence outside our borders, we cannot anticipate
predisposing conditions within.

Knowing where to begin with One Health-related research will require thoughtful prioritization
over both short- and long-term time scales across national and international domains. There are
both urgent needs that potentially overlap with public and animal health mandates and longer-
term, systems-based questions that merit attention. Work in the United States indicates that
several wildlife species are susceptible to SARS-CoV-2, but we have a very limited line of sight on
this in Canada since this research falls between academic research and public health and between
natural sciences and health, meaning it has limited support from public health current peer-
reviewed funding mechanisms. Fortunately, Defence Research and Development Canada, the
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Public Health Agency of Canada, Environment and Climate Change Canada, the Canadian Food
Inspection Agency and provinces (ministries of natural resources) have stepped in to temporarily
and partially address this important gap with short-term, modest targeted investments for limited
surveillance (leading to the detection of SARS-CoV-2 in Canadian wildlife; Kotwa et al., 2022;
Pickering et al, 2022), but fulsome research programs are not currently in view.

In summary, there are currently no robust, sustained funding streams for One Health research in
Canada. Past investment in emerging zoonoses is either limited or virtually nonexistent, compared
to other areas of health, and there are few established mechanisms to access funding for rapid,
effective collaborative research in times of acute need for those with existing expertise and
capacity. These become urgent and critical challenges as new threats such as highly pathogenic
avian influenza virus rapidly emerge. This, at least in part, may be attributed to the absence of a
national One Health Action Plan. In the same fashion that climate change policy and planning has
been driven by science, so must One Health-related policy and decision-making be supported by
robust data, which at the moment, are very sparse in Canada.

Recommendations

Implement One Health curricula and learning opportunities. One Health curricula must
be incorporated into accredited programs for veterinarians, physicians, and other licensed
healthcare providers and public health practitioners in training. Inclusion of One Health education
frameworks in accredited and board-certified programs and institutions will assure consistent
and more universal adoption of One Health curricula. Also, One Health education should be
introduced at all stages of education, from preschool to university. Curricular and extracurricular
learning opportunities must be developed and supported, with an emphasis on interdisciplinary
approaches. Introduction of One Health topics in professional continuing education programs
delivered by professional associations must also be considered.

Prioritize domestic and international research in emerging zoonoses using a One Health
approach. Canada must prioritize excellence in emerging zoonoses research to fill key knowledge
gaps atregional and national levels and actively contribute at the global level to advance mitigation
and preparedness for novel, high-consequence pathogens. This prioritization must be done by
incorporating expertise across human, other animal, and ecosystem health from biological, social,
and environmental perspectives. Key priorities in the near term are pathogen and host biology,
ecosystem stressors and landscape immunity, drivers of spillover, and determinants of the impact
of emerging zoonotic diseases. In addition to generating knowledge, these research activities will
train future One Health researchers, teachers, and decision-makers to ultimately inform policy and
drive societal change. Training requires both nimble catalyst and sustained Tri-Agency and other
funding for One Health, ideally through partnered One Health funding programs that include
the health of all living beings and ecosystems. Panels must be multidisciplinary and capable
of assessing One Health projects using integrative approaches from the biological, social, and
environmental sciences and that incorporate Indigenous ways of knowing. Partnership grants must
be sufficiently unrestricted to enable investigator-driven research and collaboration at national and
international levels. These recommendations are also linked to the recommendation for Centres
of Excellence in One Health and emerging pathogen response (Section 4), enabling research
funding to be rapidly flowed to existing, productive collaborations with the appropriate content

An RSC Policy Briefing

54



expertise during public health emergencies, and to build research capacity between outbreaks
and pandemics.

The COVID-19 pandemic has foregrounded the acute need for a global One Health strategy.
People, Planet, and Prosperity are the three G20 pillars for action, and building One Health
resilience is a key action identified by the G20 Health Ministers during a meeting in Rome in
September of 2021:

We call for collaborative multisectoral action to increase surveillance, strengthen prevention,
preparedness and response for improved health outcomes and enhanced well-being for all,
sustainable food systems, water and sanitation, and environmental protection. We highlight the
need to build a strong, trans-disciplinary, holistic One Health approach with political commitment
for long-term investment. This would enable us to strengthen and support resilient and sustainable
health, social protection and food systems, and to address risks emerging from the human-animal-
environment interface, leveraging the technical leadership and coordinating role of the WHO, FAO,
OIE and UNEP. We will consider identifying key actions and calling upon relevant international
organisations, partners in the health and private sectors, civil society, academia, philanthropic and
research institutions to follow through on these actions... We commit to operationalizing the
One Health approach at all levels (G20 Italia 2021, 2021).

In Canada, a major paradigm shift in how we think about health is needed. All of society must
recognize the intrinsic value of all living species and the importance of human, other animal, and
ecosystem health to health for all. All of society must also recognize that Indigenous ways of
knowing have long been based on the interconnectedness of all animals, including humans, and the
land, and the benefit of balance to all. Importantly, there must be broad acceptance of efforts and
directives to strengthen societal responsibility and improve human, other animal, and ecosystem
health. We must also recognize that human activities leading to habitat destruction, biodiversity
loss, and climate change contribute to zoonotic pathogen spillover, and that understanding the
drivers of spillover is fundamental to mitigation.

Communication and collaboration among sectors and peoples are needed to understand the
web of factors that lead to the emergence of zoonoses, including biological, environmental, and
social determinants. This approach is also required to identify and prioritize populations at risk
of contracting zoonoses, including those who rely on the hunting, trading, and consumption of
wild animals to survive. There is a need for diverse groups of policymakers and decision-makers
to work together with other sectors of society in the design of solutions and community members
and Indigenous scholars must be actively included. To develop sustainable policies, inequities in
health and the policies put in place to reduce these inequities need to be constantly assessed and
improved.

One Health approaches do not require each component across the land-animal-plant spectrum to
be included for each challenge-solution dyad, but a means to engage various elements is at the
core of the One Health approach. For multidisciplinary, multisectoral cooperation, collaboration,
and coordination, not all sectors (human, other animal, plant, and environmental health) need
necessarily be engaged, but all must be considered and involved as appropriate to the challenge
at hand. Collaborating across agencies and disciplines is a key feature of a One Health approach,
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and coordination to meet important challenges is a means to effectively implement a One Health
solution. These principles transcend borders and enable global engagement. Threats to health
constitute threats to security. Critical relationships and trust between national and international
agencies are essential. The Quadripartite Zoonoses Guide (QZG) from the FAO, OIE, UNEP, and
WHO provides an excellent framework to begin addressing One Health challenges from technical
and operational perspectives at a global scale (World Health Organization et al., 2019).

Aresilient and sustainable structure for a One Health approach must be tied to function. In section
two, we outlined a myriad of organizations, institutions, and programs that are part of a loose
community of practice of One Health in Canada. Any gains from these efforts have been made
organically, and although laudable, they remain tenuous in the absence of a clear One Health
agenda for Canada, accompanied by established timelines and support for execution. Of course,
this agenda should leverage existing activities, but important gaps require timely filling if we
are to mitigate impending zoonotic threats. Also essential is a national action roadmap or plan
for One Health, with responsible agencies, programs, and positions tied to key milestones and
tasks. This roadmap would hold the One Health community of practice to account. Furthermore,
key performance indicators will be critical to evaluating the efficacy and impact of One Health
initiatives. Since these are often broad, early identification of key performance indicators at the
outset of proposed work will ensure that investments made in One Health result in concrete
deliverables.

Inaction risks ongoing loss of life in the face of the current pandemic, the climate crisis, and new
biothreats. Doing nothing may cost in the range of hundreds of thousands to millions of lives,
considering the knock-on effects at all levels of society, on both domestic and international fronts.
The need for action is no longer a matter for debate. It is time for Canada to stand up and be
counted as a key contributor to global pandemic recovery, health, and security.

An RSC Policy Briefing

56



References

AAVMC WORKING GROUP ON COMPETENCY-BASED VETERINARY EDUCATION, MOLGAARD, L. K., HODGSON, J. L.,
BOK, H. G. J., CHANEY, K. P, ILKIW, J. E., MATHEW, S. M., MAY, S. A., READ, E. K., RUSH, B. R. & SALISBURY, S. K. 2018.
Competency-Based Veterinary Education: Part 1 - CBVE Framework. Washington, DC.

ABRAMS, E. M. & SZEFLER, S. J. 2020. COVID-19 and the impact of social determinants of health. The Lancet Respiratory
Medicine, 8, 659-661.

ACCORSI, E. K., BRITTON, A., FLEMING-DUTRA, K. E., SMITH, Z. R., SHANG, N., DERADO, G., MILLER, J., SCHRAG, S. J. &
VERANI, J. R. 2022. Association Between 3 Doses of mRNA COVID-19 Vaccine and Symptomatic Infection Caused by the
SARS-CoV-2 Omicron and Delta Variants. JAMA, 327, 639-651.

ACHARYA, K. P., SUBRAMANYA, S. H. & NEUPANE, D. 2021. Emerging pandemics: Lesson for one-health approach. Vet Med
Sci, 7, 273-275.

AHMED, A., ALL, Y., ELDUMA, A., ELDIGAIL, M. H.,, MHMOUD, R. A.,, MOHAMED, N. S., KSIAZEK, T. G., DIETRICH, I. &
WEAVER, S. C. 2020. Unique Outbreak of Rift Valley Fever in Sudan, 2019. Emerg Infect Dis, 26, 3030-3033.

AHN, M., ANDERSON, D. E., ZHANG, Q., TAN, C. W, LIM, B. L., LUKO, K., WEN, M., CHIA, W. N., MANI, S., WANG, L. C., NG,
J.H. J., SOBOTA, R. M., DUTERTRE, C.-A., GINHOUX, F,, SHI, Z.-L., IRVING, A. T. & WANG, L.-F. 2019. Dampened NLRP3-
mediated inflammation in bats and implications for a special viral reservoir host. Nature Microbiology, 4, 789-799.

ALBANESE, M. A., MEJICANO, G., MULLAN, P., KOKOTAILO, P. & GRUPPEN, L. 2008. Defining characteristics of educational
competencies. Med Educ, 42, 248-55.

ALLEN, H., VUSIRIKALA, A., FLANNAGAN, J., TWOHIG, K. A., ZAIDI, A., GROVES, N., LOPEZ-BERNAL, J., HARRIS, R.,
CHARLETT, A., DABRERA, G. & KALL, M. 2021. Increased household transmission of COVID-19 cases associated
with SARS-CoV-2 Variant of Concern B.1.617.2: a national case- control study. Available: https://khub.net/
documents/135939561/405676950/Increased+Household+Transmission+of+COVID-19+Cases+-+national+case+study.
pdf/7f7764fb-ecb0-da31-77b3-b1a8ef7be%aa [Accessed 13 June 2021].

ALLEN, T., MURRAY, K. A., ZAMBRANA-TORRELIO, C., MORSE, S. S., RONDININI, C., DI MARCO, M., BREIT, N., OLIVAL, K. J.
& DASZAK, P. 2017. Global hotspots and correlates of emerging zoonotic diseases. Nature Communications, 8, 1124.
AMMAN, B. R., JONES, M. E., SEALY, T. K., UEBELHOER, L. S., SCHUH, A. J., BIRD, B. H., COLEMAN-MCCRAY, J. D., MARTIN,
B. E., NICHOL, S. T. & TOWNER, J. S. 2015. Oral shedding of Marburg virus in experimentally infected Egyptian fruit bats

(Rousettus aegyptiacus). J Wildl Dis, 51, 113-24.

AMUASI, J. H., WALZER, C., HEYMANN, D., CARABIN, H., HUONG, L. T., HAINES, A. & WINKLER, A. S. 2020. Calling for a
COVID-19 One Health Research Coalition. The Lancet, 395, 1543-1544.

ANDERSEN, J. P, NIELSEN, M. W., SIMONE, N. L., LEWISS, R. E. & JAGSI, R. 2020. COVID-19 medical papers have fewer
women first authors than expected. eLife, 9, e58807.

ANNERSTEDT, M., JONSSON, P., WALLERGARD, M., JOHANSSON, G., KARLSON, B., GRAHN, P, HANSEN, A. M. &
WAHRBORG, P. 2013. Inducing physiological stress recovery with sounds of nature in a virtual reality forest — Results from a
pilot study. Physiology & Behavior, 118, 240-250.

ATTIG, F., BARTH, S. A., KOHLBACH, M., BAUMGARTNER, W. & LEHMBECKER, A. 2019. Unusual Manifestation of a
Mycobacterium bovis SB0950 Infection in a Domestic Cat. J Comp Pathol, 172, 1-4.

BAGNOL, B., ALDERS, R. & MCCONCHIE, R. 2015. Gender issues in human, animal and plant health using an ecohealth
perspective. Environment and Natural Resources Research, 5, 62.

BAILEY, Z. D., KRIEGER, N., AGENOR, M., GRAVES, J., LINOS, N. & BASSETT, M. T. 2017. Structural racism and health
inequities in the USA: evidence and interventions. The Lancet, 389, 1453-1463.

BANERJEE, A., BAKER, M. L., KULCSAR, K., MISRA, V., PLOWRIGHT, R. & MOSSMAN, K. 2020. Novel Insights Into Immune
Systems of Bats. Frontiers in Immunology, 11.

BANERJEE, A., DOXEY, A. C., MOSSMAN, K. & IRVING, A. T. 2021. Unraveling the Zoonotic Origin and Transmission of SARS-
CoV-2. Trends in Ecology & Evolution, 36, 180-184.

BANERJEE, A., KULCSAR, K., MISRA, V., FRIEMAN, M. & MOSSMAN, K. 2019. Bats and Coronaviruses. Viruses, 11, 41.

BANERJEE, A., RAPIN, N., BOLLINGER, T. & MISRA, V. 2017. Lack of inflammatory gene expression in bats: a unique role for a
transcription repressor. Scientific Reports, 7, 2232.

BARRETT, M. J., ALPHONSUS, K. B., HARMIN, M., EPP, T., HOESSLER, C., MCINTYRE, D., REEDER, B. & SINGH, B. 2019.
Learning for Transdisciplinary Leadership: Why Skilled Scholars Coming Together Is Not Enough. BioScience, 69, 736-745.

BARTLETT, C., MARSHALL, M. & MARSHALL, A. 2012. Two-Eyed Seeing and other lessons learned within a co-learning journey
of bringing together indigenous and mainstream knowledges and ways of knowing. Journal of Environmental Studies and
Sciences, 2, 331-340.

BASTIEN, T., MOREL, A.-M. & TORRES, S. 2020. Rapport-Inégalités de genre Impact de la pandémie de COVID-19 sur la santé
et la qualité de vie des femmes au Québec.

Strengthening a One Health Approach to Emerging Zoonoses

57



BATES, A. E., MANGUBHAI, S., MILANES, C. B., RODGERS, K. U. & VERGARA, V. 2021. The COVID-19 pandemic as a pivot
point for biological conservation. Nature Communications, 12, 5176.

BERNAUER, W. & SLOWEY, G. 2020. COVID-19, extractive industries, and indigenous communities in Canada: Notes towards a
political economy research agenda. The Extractive Industries and Society, 7, 844-846.

BIG-CANOE, K. & RICHMOND, C. A. M. 2014. Anishinabe youth perceptions about community health: Toward environmental
repossession. Health & Place, 26, 127-135.

BILGE, S. 2015. Le blanchiment de l'intersectionnalité. Recherches féministes, 28, 9-32.

BLAIR, A., WARSAME, K., NAIK, H., BYRNE, W., PARNIA, A. & SIDDIQI, A. 2021. Identifying gaps in COVID-19 health equity
data reporting in Canada using a scorecard approach. Canadian Journal of Public Health, 112, 352-362.

BLANCO-MELO, D., NILSSON-PAYANT, B. E., LIU, W.-C., UHL, S., HOAGLAND, D., M@LLER, R., JORDAN, T. X., OISHI, K.,
PANIS, M., SACHS, D., WANG, T. T., SCHWARTZ, R. E., LIM, J. K., ALBRECHT, R. A. & TENOEVER, B. R. 2020. Imbalanced
Host Response to SARS-CoV-2 Drives Development of COVID-19. Cell, 181, 1036-1045.e9.

BLOOM, M., VERMA, S., RAM, D., ROBERTON, T., PACHECO, C., GOLDMAN, R. E., LIMA, K., FAITH VERA CRUZ, M. &
SZKWARKO, D. 2021. COVID-19 Vaccine Concerns and Acceptability by Language in a Marginalized Population in Rhode
Island. Journal of Primary Care & Community Health, 12, 21501327211058976.

BONOTTI, M. & ZECH, S. T. 2021. The Human, Economic, Social, and Political Costs of COVID-19. Recovering Civility during
COVID-19, 1-36.

BOSCH, S., TAUXE, R. V. & BEHRAVESH, C. B. 2016. Turtle-Associated Salmonellosis, United States, 2006-2014. Emerging
infectious diseases, 22, 1149-1155.

BUCKLEY, R., BROUGH, P, HAGUE, L., CHAUVENET, A., FLEMING, C., ROCHE, E., SOFIJA, E. & HARRIS, N. 2019. Economic
value of protected areas via visitor mental health. Nature Communications, 10, 5005.

BUNCH, M. J. & WALTNER-TOEWS, D. 2021. Chapitre 34 - Contexte pour One Health et approche éco-santé. In: SCHELLING,
E., TANNER, M., WHITTAKER, M. A. & ZINSSTAG, J. (eds.) One health, une seule santé : Théorie et pratique des approches
intégrées de la santé. Versailles: Editions Quaze.

CAN O, E., D'CRUZE, N. & MACDONALD, D. W. 2019. Dealing in deadly pathogens: Taking stock of the legal trade in live
wildlife and potential risks to human health. Glob Ecol Conserv, 17, e00515.

CANADIAN FOOD INSPECTION AGENCY. 2022. Detection of highly pathogenic avian influenza (H5N1) in Canada 2021-2022.
[Online]. Available: https://inspection.canada.ca/animal-health/terrestrial-animals/diseases/reportable/avian-influenza/
detection-of-highly-pathogenic-avian-influenza-h5n/eng/1640207916497/1640207916934 [Accessed].

CARLIN, E. P, MOORE, M. S., SHAMBAUGH, E. & KARESH, W. B. 2021. Opportunities for Enhanced Defense, Military, and
Security Sector Engagement in Global Health Security.

CENTER FOR INTERNATIONAL FORESTRY RESEARCH. Strengthening the connection between forests, biodiversity and health
in the One Health approach. 23 June 2020.

CENTERS FOR DISEASE CONTROL AND PREVENTION. 2018. One Health Basics [Online]. Available: https://www.cdc.
gov/onehealth/basics/index.html#:~:text=0One%20Health%20is%20a%20collaborative,plants%2C%20and%20their%20
shared%20environment [Accessed)].

CENTERS FOR DISEASE CONTROL AND PREVENTION. 2021. One Health [Online]. Available: https://www.cdc.gov/onehealth/
index.html [Accessed].

CERNA, P, O'HALLORAN, C., SIATKOVSKA, J. O. & GUNN-MOORE, D. A. 2019. Outbreak of tuberculosis caused by
Mycobacterium bovis in a cattery of Abyssinian cats in Italy. Transbound Emerg Dis, 66, 250-258.

CHANDLER, J. C., BEVINS, S. N., ELLIS, J. W,, LINDER, T. J., TELL, R. M., JENKINS-MOORE, M., ROOT, J. J., LENOCH, J.

B., ROBBE-AUSTERMAN, S., DELIBERTO, T. J., GIDLEWSKI, T., TORCHETTI, M. K. & SHRINER, S. A. 2021. SARS-CoV-2
exposure in wild white-tailed deer (&lt;em&gt;Odocoileus virginianus&lt;/em&gt;). bioRxiv, 2021.07.29.454326.

CHARRON, D. F. 2012. Ecohealth Research in Practice. In: CHARRON, D. F. (ed.). New York, NY: Springer.

CHO, S., CRENSHAW, K. W. & MCCALL, L. 2013. Toward a Field of Intersectionality Studies: Theory, Applications, and Praxis.
Signs: Journal of Women in Culture and Society, 38, 785-810.

CLEAVELAND, S., SHARP, J., ABELA-RIDDER, B., ALLAN, K. J., BUZA, J., CRUMP, J. A., DAVIS, A., DEL RIO VILAS, V. J., DE
GLANVILLE, W. A., KAZWALA, R. R., KIBONA, T., LANKESTER, F. J., LUGELO, A., MMBAGA, B. T., RUBACH, M. P, SWAI,
E.S., WALDMAN, L., HAYDON, D. T., HAMPSON, K. & HALLIDAY, J. E. B. 2017. One Health contributions towards more
effective and equitable approaches to health in low- and middle-income countries. Philos Trans R Soc Lond B Biol Sci, 372.

CLIFTON-HADLEY, R. S., WILESMITH, J. W., RICHARDS, M. S., UPTON, P. & JOHNSTON, S. 1995. The occurrence of
Mycobacterium bovis infection in cattle in and around an area subject to extensive badger (Meles meles) control.
Epidemiology and infection, 114, 179-193.

COGSWELL-HAWKINSON, A., BOWEN, R., JAMES, S., GARDINER, D., CALISHER, C. H., ADAMS, R. & SCHOUNTZ, T. 2012.
Tacaribe virus causes fatal infection of an ostensible reservoir host, the Jamaican fruit bat. Journal of virology, 86, 5791-
5799.

An RSC Policy Briefing

58


https://inspection.canada.ca/animal-health/terrestrial-animals/diseases/reportable/avian-influenza/detection-of-highly-pathogenic-avian-influenza-h5n/eng/1640207916497/1640207916934
https://inspection.canada.ca/animal-health/terrestrial-animals/diseases/reportable/avian-influenza/detection-of-highly-pathogenic-avian-influenza-h5n/eng/1640207916497/1640207916934

CONVENTION ON BIOLOGICAL DIVERSITY. n.d. Available: https://www.cbd.int [Accessed].
COPPER JACK, J. Land and Peoples Relationship Model.

COPPER JACK, J. & NOWAK, K. 2020. COMMENTARY: Yukon's healthy land and forests are essential services. Available: https://
www.yukon-news.com/opinion/commentary-yukons-healthy-land-and-forests-are-essential-services/.

CORBIE-SMITH, G. 2021. Vaccine Hesitancy Is a Scapegoat for Structural Racism. JAMA Health Forum, 2, e210434-e210434.
CORNER, L. A., MURPHY, D. & GORMLEY, E. 2011. Mycobacterium bovis infection in the Eurasian badger (Meles meles): the
disease, pathogenesis, epidemiology and control. J Comp Pathol, 144, 1-24.

CORSINI, M., GEISSBUHLER, U., HOWARD, J., GOTTSTEIN, B., SPRENG, D. & FREY, C. F. 2015. Clinical presentation, diagnosis,
therapy and outcome of alveolar echinococcosis in dogs. Vet Rec, 177, 569.

CRAIG, L. 2020. Coronavirus, domestic labour and care: Gendered roles locked down. Journal of Sociology, 56, 684-692.

CRENSHAW, K. 1989. Demarginalizing the Intersection of Race and Sex: A Black Feminist Critique of Antidiscrimination
Doctrine, Feminist Theory and Antiracist Politics. University of Chicago Legal Forum, 1989, 31.

CRENSHAW, K. 2019. On intersectionality: essential writings, New York, New Press.

CRONIN, C. J. & EVANS, W. N. 2022. Nursing home quality, COVID-19 deaths, and excess mortality. Journal of Health
Economics, 82, 102592.

DAR, O., MCINTYRE, S., HOGARTH, S. & HEYMANN, D. 2013. Rift Valley fever and a new paradigm of research and
development for zoonotic disease control. Emerg Infect Dis, 19, 189-93.

DAVIDO, B., SEANG, S., TUBIANA, R. & DE TRUCHIS, P. 2020. Post-COVID-19 chronic symptoms: a postinfectious entity?
Clinical microbiology and infection : the official publication of the European Society of Clinical Microbiology and Infectious
Diseases, 26, 1448-1449.

DEDIEGO, M. L., NIETO-TORRES, J. L., JIMENEZ-GUARDENO, J. M., REGLA-NAVA, J. A., CASTANO-RODRIGUEZ, C.,
FERNANDEZ-DELGADO, R., USERA, F. & ENJUANES, L. 2014. Coronavirus virulence genes with main focus on SARS-CoV
envelope gene. Virus Res, 194, 124-37.

DELEO, F. R. & HINNEBUSCH, B. J. 2005. A plague upon the phagocytes. Nat Med, 11, 927-8.

DEPLAZES, P, RINALDI, L., ALVAREZ ROJAS, C. A., TORGERSON, P. R., HARANDI, M. F,, ROMIG, T., ANTOLOVA, D.,
SCHURER, J. M., LAHMAR, S., CRINGOLI, G., MAGAMBO, J., THOMPSON, R. C. & JENKINS, E. J. 2017. Global
Distribution of Alveolar and Cystic Echinococcosis. Adv Parasitol, 95, 315-493.

DESTOUMIEUX-GARZON, D., MAVINGUI, P., BOETSCH, G., BOISSIER, J., DARRIET, F., DUBOZ, P, FRITSCH, C., GIRAUDOUX,
P., LE ROUX, F., MORAND, S., PAILLARD, C., PONTIER, D., SUEUR, C. & VOITURON, Y. 2018. The One Health Concept:
10Years Old and a Long Road Ahead. Frontiers in Veeterinary Science, 5.

DHAMA, K., PATEL, S. K., SHARUN, K., PATHAK, M., TIWARI, R., YATOO, M. |, MALIK, Y. S., SAH, R., RABAAN, A. A., PANWAR,
P. K., SINGH, K. P, MICHALAK, I., CHAICUMPA, W., MARTINEZ-PULGARIN, D. F.,, BONILLA-ALDANA, D. K. & RODRIGUEZ-
MORALES, A. J. 2020. SARS-CoV-2 jumping the species barrier: Zoonotic lessons from SARS, MERS and recent advances to
combat this pandemic virus. Travel Med Infect Dis, 37, 101830.

DI FRANCESCO, J., HANKE, A., MILTON, T., LECLERC, L.-M., ASSOCIATION, K. A., GERLACH, C. & KUTZ, S. 2022.
Documenting Indigenous Knowledge to Identify and Understand the Stressors of Muskoxen (Ovibos moschatus) in Nunavut,
Canada. ARCTIC, 74, 418-436.

DOBSON, A. P, PIMM, S. L., HANNAH, L., KAUFMAN, L., AHUMADA, J. A., ANDO, A. W., BERNSTEIN, A., BUSCH, J.,
DASZAK, P, ENGELMANN, J., KINNAIRD, M. F,, LI, B. V., LOCH-TEMZELIDES, T., LOVEJOY, T., NOWAK, K., ROEHRDANZ,
P. R. & VALE, M. M. 2020. Ecology and economics for pandemic prevention. Science, 369, 379-381.

DOREA, F. C. & VIAL, F. 2016. Animal health syndromic surveillance: a systematic literature review of the progress in the last 5
years (2011-2016). Veeterinary medicine (Auckland, N.Z.), 7, 157-170.

EDWARDS, S. 2006. OFFLU network on avian influenza. Emerging infectious diseases, 12(8), 1287-1288.

ELLIOT, J. 2021a. Kudz Ze Kayah mine decision expected in three months. Available: https://www.yukon-news.com/news/kudz-
ze-kayah-mine-decision-expected-in-three-months/.

ELLIOT, J. 2021b. Victoria Gold Corp fined for cyanide spill. Available: https://www.yukon-news.com/news/victoria-gold-corp-
fined-for-cyanide-spill/.
ENGEMANN, K., PEDERSEN, C. B., ARGE, L., TSIROGIANNIS, C., MORTENSEN, P. B. & SVENNING, J.-C. 2019. Residential

green space in childhood is associated with lower risk of psychiatric disorders from adolescence into adulthood.
Proceedings of the National Academy of Sciences, 116, 5188.

ERRECABORDE, K. M., MACY, K. W., PEKOL, A., PEREZ, S., O'BRIEN, M. K., ALLEN, I., CONTADINI, F, LEE, J. Y., MUMFORD,
E., BENDER, J. B. & PELICAN, K. 2019. Factors that enable effective One Health collaborations - A scoping review of the
literature. PloS one, 14, e0224660-e0224660.

Strengthening a One Health Approach to Emerging Zoonoses

59


https://www.yukon-news.com/opinion/commentary-yukons-healthy-land-and-forests-are-essential-services/
https://www.yukon-news.com/opinion/commentary-yukons-healthy-land-and-forests-are-essential-services/

ESCALERA, A., GONZALEZ-REICHE, A. S., ASLAM, S., MENA, |., LAPORTE, M., PEARL, R. L., FOSSATI, A., RATHNASINGHE,
R., ALSHAMMARY, H., VAN DE GUCHTE, A., FARRUGIA, K., QIN, Y., BOUHADDOU, M., KEHRER, T., ZULIANI-ALVAREZ,
L., MEEKINS, D. A., BALARAMAN, V., MCDOWELL, C., RICHT, J. A, BAJIC, G., SORDILLO, E. M., DEJOSEZ, M., ZWAKA,
T. P, KROGAN, N. J., SIMON, V., ALBRECHT, R. A., VAN BAKEL, H., GARCIA-SASTRE, A. & AYDILLO, T. 2022. Mutations in
SARS-CoV-2 variants of concern link to increased spike cleavage and virus transmission. Cell Host & Microbe, 30, 373-387.
e’.

EZHOVA, E., ORLQOV, D., SUHONEN, E., KAVERIN, D., MAHURA, A., GENNADINIK, A., KUKKONEN, I., DROZDOV,
D., LAPPALAINEN, H.K., MELNIKQV, V., PETAJA, T., KERMINEN, V.-E., ZILITINKEVICH, S., MALKHAZOVA, S.M.,
CHRISTENSEN, T.R., & KUMALA, M. 2021. Climatic Factors Influencing the Anthrax Outbreak of 2016 in Siberia, Russia.
Ecohealth, 18, 217-228.

FAO/OIE/WHO. 2022. GLEWS+ The joint FAO-OIE-WHO Global Early Warning System for health threats and emerging risks at
the human-animal-ecosystem interface. [Online]. Available: http://www.glews.net/ [Accessed]

FEDERAL PROVINCIAL AND TERRITORIAL GOVERNMENTS OF CANADA & CANADIAN WILDLIFE HEALTH COOPERATIVE
2018. A Pan-Canadian Approach to Wildlife Health.

FENOLLAR, F., MEDIANNIKOV, O., MAURIN, M., DEVAUX, C., COLSON, P., LEVASSEUR, A., FOURNIER, P-E. & RAOQULT, D.
2021. Mink, SARS-CoV-2, and the Human-Animal Interface. Frontiers in Microbiology, 12.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, WORLD ORGANISATION FOR ANIMAL HEALTH,
WORLD HEALTH ORGANIZATION, UN SYSTEM INFLUENZA COORDINATION, UNICEF & THE WORLD BANK 2008.
Contributing to One World, One Health: A Strategic Framework for Reducing Risks of Infectious Diseases at the Animal-
Human-Ecosystems Interface.

FRENCH, S. K., JAJOU, S., CAMPBELL, G. D., CAl, H. Y., KOTWA, J. D., PEREGRINE, A. S. & JARDINE, C. M. 2018.
Echinococcus multilocularis in a wild free-living eastern chipmunk (Tamias striatus) in Southern Ontario: A case report and
subsequent field study of wild small mammals. Vet Parasitol Reg Stud Reports, 13, 234-237.

FRIEDSON-RIDENOUR, S., DUTCHER, T. V., CALDERON, C., BROWN, L. D. & OLSEN, C. W. 2019. Gender Analysis for One
Health: Theoretical Perspectives and Recommendations for Practice. EcoHealth, 16, 306-316.

G20 ITALIA 2021 2021. Declaration of the G20 Health Ministers | Rome.

GERMAIN, C. 2016. Le défi de la main-d’oeuvre dans le réseau des ressources intermédiaires (Rl) du Québec. Emploi-Québec.

GERMAIN, G., SIMON, A., ARSENAULT, J., BARON, G., BOUCHARD, C., CHAUMONT, D., EL ALLAKI, F., KIMPTON,
A., LEVESQUE, B., MASSE, A., MERCIER, M., OGDEN, N. H., PICARD, I., RAVEL, A., ROCHELEAU, J. P, SOTO, J.,
FOR QUEBEC'S MULTI-PARTY OBSERVATORY ON, Z. & ADAPTATION TO CLIMATE, C. 2019. Quebec's Multi-Party
Observatory on Zoonoses and Adaptation to Climate Change. Canada communicable disease report = Releve des maladies
transmissibles au Canada, 45, 143-148.

GIACOBBO, A., RODRIGUES, M. A. S., ZOPPAS FERREIRA, J., BERNARDES, A. M. & DE PINHO, M. N. 2021. A critical review on
SARS-CoV-2 infectivity in water and wastewater. What do we know? Science of The Total Environment, 774, 145721.

GIGNAC, J. 2020a. ‘Shut it down": Yukon First Nations call for halt to mining operations in light of coronavirus. Available: https://
thenarwhal.ca/shut-down-yukon-first-nations-call-halt-mining-operations-light-coronavirus/.

GIGNAC, J. 2020b. Permit applications to hunt big game in Yukon up 28 per cent this year. Available: https://thenarwhal.ca/
permit-applications-hunt-big-game-yukon-up-28-per-cent-covid19/.

GIGNAC, J. 2021. Report documents ‘degrading’ treatment of Indigenous women at Yukon and B.C. mines. Available: https://
www.cbc.ca/news/canada/north/yukon-mines-indigenous-women-1.6128059.

GLOBAL FRAMEWORK FOR THE PROGRESSIVE CONTROL OF TRANSBOUNDARY ANIMAL DISEASES, 2022. Available: http://
www.gf-tads.org/about/en/ [Accessed].

GLOBAL HEALTH SECURITY AGENDA. Global Health Security Agenda [Online]. Available: https://ghsagenda.org [Accessed].
GLOBAL HEALTH SECURITY AGENDA 2018. Global Health Security Agenda (GHSA) 2024 Framework.

GOLDSTEIN, T., ANTHONY, S. J., GBAKIMA, A., BIRD, B. H., BANGURA, J., TREMEAU-BRAVARD, A., BELAGANAHALLI, M.
N., WELLS, H. L., DHANOTA, J. K., LIANG, E., GRODUS, M., JANGRA, R. K., DEJESUS, V. A., LASSO, G., SMITH, B. R,,
JAMBAI, A., KAMARA, B. O., KAMARA, S., BANGURA, W., MONAGIN, C., SHAPIRA, S., JOHNSON, C. K., SAYLORS, K.,
RUBIN, E. M., CHANDRAN, K., LIPKIN, W. I. & MAZET, J. A. K. 2018. The discovery of Bombali virus adds further support
for bats as hosts of ebolaviruses. Nat Microbiol, 3, 1084-1089.

GOTTDENKER, N. L., STREICKER, D. G., FAUST, C. L. & CARROLL, C. R. 2014. Anthropogenic land use change and infectious
diseases: a review of the evidence. Ecohealth, 11, 619-32.

GOVERNMENT OF CANADA. 2018. First Nations and Inuit Health and Wellness Indicators [Online]. Available: https://health-
infobase.canada.ca/fnih/ [Accessed].

GPWMD. Global Partnership Against the Spread of Weapons and Materials of Mass Destruction [Online]. Available: https://www.
gpwmd.com [Accessed].

An RSC Policy Briefing

60



GRANGE, Z. L., GOLDSTEIN, T., JOHNSON, C. K., ANTHONY, S., GILARDI, K., DASZAK, P., OLIVAL, K. J., O'ROURKE, T.,
MURRAY, S., OLSON, S. H., TOGAMI, E., VIDAL, G., MAZET, J. A. K., ANDERSON, K., AUEWARAKUL, P., COFFEY, L.,
CORLEY, R., DAUPHIN, G., EPSTEIN, J., FUKUDA, K., GOODMAN, S., HAN, B., HUGHES, J., JEGGO, M., KARESH,

W., KAZWALA, R., KELLY, T., KEUSCH, G., KURILLA, M., MACKENZIE, J., MARKOTTER, W., MONAGIN, C., MORENS,

D., MUNSTER, V., MUHLBERGER, E., PANDIT, P,, PEEL, A., PFEIFFER, D., RESTIF, O., TOMORI, O., TOWNER, J.,

WERF, S. V. D., VONDOBSCHETZ, S., WACHARAPLUESADEE, S., WARD, M., WEIRSMA, L., WILSON, M., WOLKING,

D., WONGSATHAPORNCHAI, K., BRIERLEY, L., TAMBRANA-TORELLIO, C., ISLAM, A., ISLAM, S., RAMAN, Z., HUL,

V., DUONG, V., MOUICHE, M., NWOBEGAHAY, J., COULIBALY, K., KUMAKAMBA, C., SYALUHA, E. K., LUKUSA, J.-P,
BELAY, D., KEBEDE, N., AMPOFO, W., BEL-NONO, S., SUU-IRE, R., DOUOKORO, K., DURSMAN, H., PAMUNGKAS,

l., RACHMITASARI, N., SAPUTRO, S., DAMANIK, W., KUSUMANINGRUM, T., RAMBITAN, M., REY, B., SAFARI, D.,
SOEBANDRIO, A., TRIASTUTI, J., ABU-BASHA, E., ALLAN, K., JOSEPH, K., SAMSON, M., KHAMPHAPHONPHANE, B.,
THEPPANGA, W., DESMOND, J., SAMULES, S., LEE, M. H., LEE, J., DAMDINJAV, B., SHILEGDAMBA, E., AUNG, O.,
BISTA, M., KARMACHARYA, D., SHRESTHA, R., NZIZA, J., TUMUSHIME, J.-C., LO, M. M., NDIAYE, A., SECK, M. C,, et al.
2021. Ranking the risk of animal-to-human spillover for newly discovered viruses. Proceedings of the National Academy of
Sciences, 118, e2002324118.

GROOTEN, M. & ALMOND, R. 2018. Living Planet Report - 2018: Aiming Higher. Institute of Zoology (Zoological Society of
London), WWEF.

GRUETZMACHER, K., KARESH, W. B., AMUASI, J. H., ARSHAD, A., FARLOW, A., GABRYSCH, S., JETZKOWITZ, J., LIEBERMAN,
S., PALMER, C., WINKLER, A. S. & WALZER, C. 2021. The Berlin principles on one health — Bridging global health and
conservation. Science of The Total Environment, 764, 142919.

GUILLOT, C., BADCOCK, J., CLOW, K., CRAM, J., DERGOUSOFF, S., DIBERNARDO, A., EVASON, M., FRASER, E., GALANIS,
E., GASMI, S., GERMAN, G. J., HOWSE, D. T., JARDINE, C., JENKINS, E., KOFFI, J., KULKARNI, M., LINDSAY, L. R.,
LUMSDEN, G., MCKAY, R., MOORE, K., MORSHED, M., MUNN, D., NELDER, M., NOCERA, J., RIPOCHE, M., ROCHON,
K., RUSSELL, C., SLATCULESCU, A., TALBOT, B., THIVIERGE, K., VOORDOUW, M., BOUCHARD, C. & LEIGHTON, P.
2020. Sentinel surveillance of Lyme disease risk in Canada, 2019: Results from the first year of the Canadian Lyme Sentinel
Network (CaLSeN). Can Commun Dis Rep, 46, 354-361.

GUITO, J. C., PRESCOTT, J. B., ARNOLD, C. E., AMMAN, B. R., SCHUH, A. J., SPENGLER, J. R., SEALY, T. K., HARMON,
J. R., COLEMAN-MCCRAY, J. D., KULCSAR, K. A., NAGLE, E. R., KUMAR, R., PALACIOS, G. F., SANCHEZ-LOCKHART,
M. & TOWNER, J. S. 2021. Asymptomatic Infection of Marburg Virus Reservoir Bats Is Explained by a Strategy of
Immunoprotective Disease Tolerance. Curr Biol, 31, 257-270.e5.

GUNN-MOORE, D. 2014. Feline tuberculosis caused by Mycobacterium bovis. Vet Rec, 174, 322-3.

HALE, V. L., DENNIS, P. M., MCBRIDE, D. S., NOLTING, J. M., MADDEN, C., HUEY, D., EHRLICH, M., GRIESER, J., WINSTON,
J., LOMBARDI, D., GIBSON, S., SAIF, L., KILLIAN, M. L., LANTZ, K., TELL, R. M., TORCHETTI, M., ROBBE-AUSTERMAN, S.,
NELSON, M. I, FAITH, S. A. & BOWMAN, A. S. 2022. SARS-CoV-2 infection in free-ranging white-tailed deer. Nature, 602,
481-486.

HAMMER, A. S., QUAADE, M. L., RASMUSSEN, T. B., FONAGER, J., RASMUSSEN, M., MUNDBJERG, K., LOHSE, L.,
STRANDBYGAARD, B., JORGENSEN, C. S., ALFARO-NUNEZ, A., ROSENSTIERNE, M. W., BOKLUND, A., HALASA, T,,
FOMSGAARD, A., BELSHAM, G. J. & BOTNER, A. 2021. SARS-CoV-2 Transmission between Mink (Neovison vison) and
Humans, Denmark. Emerg Infect Dis, 27, 547-551.

HANKE, A. N., ANGOHIATOK, M., LECLERC, L.-M., ADAMS, C. & KUTZ, S. 2022. A Caribou Decline Foreshadowed by Inuit in
the Central Canadian Arctic: A Retrospective Analysis. ARCTIC, 74, 437-455.

HARRISON, S., KIVUTI-BITOK, L., MACMILLAN, A. & PRIEST, P. 2019. EcoHealth and One Health: A theory-focused review in
response to calls for convergence. Environment International, 132, 105058.

HILL COLLINS, P. 1990. Black feminist thought: knowledge, consciousness, and the politics of empowerment, Boston, Unwin
Hyman.

HILLIER, S. A., TALEB, A., CHACCOUR, E. & AENISHAENSLIN, C. 2021. Examining the concept of One Health for indigenous
communities: A systematic review. One Health, 12, 100248.

HOBBS, E. C. & REID, T. J. 2021. Animals and SARS-CoV-2: Species susceptibility and viral transmission in experimental and
natural conditions, and the potential implications for community transmission. Transbound Emerg Dis, 68, 1850-1867.

HOLMES, E. C., GOLDSTEIN, S. A., RASMUSSEN, A. L., ROBERTSON, D. L., CRITS-CHRISTOPH, A., WERTHEIM, J. O.,
ANTHONY, S. J., BARCLAY, W. S., BONI, M. F, DOHERTY, P. C., FARRAR, J., GEOGHEGAN, J. L., JIANG, X., LEIBOWITZ,
J. L., NEIL, S. J. D., SKERN, T., WEISS, S. R.,, WOROBEY, M., ANDERSEN, K. G., GARRY, R. F. & RAMBAUT, A. 2021. The
origins of SARS-CoV-2: A critical review. Cell, 184, 4848-4856.

HOOPER, L., BEGG, M. D. & SULLIVAN, L. M. 2014. Integrating competencies and learning outcomes in core courses for the
MPH. Public health reports (Washington, D.C. : 1974), 129, 376-381.

HUANG, Y. W., DICKERMAN, A. W., PINEYRO, P, LI, L., FANG, L., KIEHNE, R., OPRIESSNIG, T. & MENG, X. J. 2013. Origin,
evolution, and genotyping of emergent porcine epidemic diarrhea virus strains in the United States. mBio, 4, e00737-13.

HUEFFER, K., EHRLANDER, M., ETZ, K. & REYNOLDS, A. 2019. One health in the circumpolar North. International journal of
circumpolar health, 78, 1607502-1607502.

Strengthening a One Health Approach to Emerging Zoonoses

61



HUL, V., DELAUNE, D., KARLSSON, E. A., HASSANIN, A., TEY, P. O., BAIDALIUK, A., GAMBARO, F, TU, V. T., KEATTS, L.,
MAZET, J., JOHNSON, C., BUCHY, P,, DUSSART, P.,, GOLDSTEIN, T., SSIMON-LORIERE, E. & DUONG, V. 2021. A novel
SARS-CoV-2 related coronavirus in bats from Cambodia. bioRxiv, 2021.01.26.428212.

ICI.LRADIO-CANADA.CA 2021. Violence conjugale : hausse de 60 % des appels pendant le 2e confinement. Radio-Canada.ca.

IUCN. 2021. The IUCN Red List of Threatened Species [Online]. Available: https://www.iucnredlist.org/ [Accessed)].

JACK, J. C., GONET, J., MEASE, A. & NOWAK, K. 2020. Traditional Knowledge underlies One Health. Science, 369, 1576-1576.

JACKSON, J. K., WEISS, M. A., SCHWARZENBERG, A. B., NELSON, R. M., SUTTER, K. M. & SUTHERLAND, M. D. 2021. Global
Economic Effects of COVID-19.

JONES, K. E., PATEL, N. G., LEVY, M. A., STOREYGARD, A., BALK, D., GITTLEMAN, J. L. & DASZAK, P. 2008. Global trends in
emerging infectious diseases. Nature, 451, 990-3.

JONES, R. 2019. Climate change and Indigenous Health Promotion. Global Health Promotion, 26, 73-81.

KANTAMNENI, N. 2020. The impact of the COVID-19 pandemic on marginalized populations in the United States: A research
agenda. Journal of Vocational Behavior, 119, 103439.

KARESH, W. B., COOK, R. A., BENNETT, E. L. & NEWCOMB, J. 2005. Wildlife trade and global disease emergence. Emerging
infectious diseases, 11, 1000-1002.

KEATTS, L. O., ROBARDS, M., OLSON, S. H., HUEFFER, K., INSLEY, S. J., JOLY, D. O., KUTZ, S., LEE, D. S., CHETKIEWICZ,
C.-L. B., LAIR, S., PRESTON, N. D., PRUVOT, M., RAY, J. C., REID, D., SLEEMAN, J. M., STIMMELMAYR, R., STEPHEN, C. &
WALZER, C. 2021. Implications of Zoonoses From Hunting and Use of Wildlife in North American Arctic and Boreal Biomes:
Pandemic Potential, Monitoring, and Mitigation. Frontiers in Public Health, 9.

KELLY, T. R., MACHALABA, C., KARESH, W. B., CROOK, P. Z., GILARDI, K., NZIZA, J., UHART, M. M., ROBLES, E. A., SAYLORS,
K., JOLY, D. O., MONAGIN, C., MANGOMBO, P. M., KINGEBENI, P. M., KAZWALA, R., WOLKING, D., SMITH, W., MAZET,
J. A K. & CONSORTIUM, P. 2020. Implementing One Health approaches to confront emerging and re-emerging zoonotic
disease threats: lessons from PREDICT. One Health Outlook, 2, 1.

KERGOAT, D. 1982. Les ouvrieres, Paris, Sycomore.

KIRLIN, J. 2020. COVID-19 Upends Pandemic Plan. The American Review of Public Administration, 50, 467-479.

KORTMANN, M., MULLER, J. C., BAIER, R., BASSLER, C., BUSE, J., CHOLEWINSKA, O., FORSCHLER, M. I., GEORGIEV,

K. B., HILSZCZANSKI, J., JAROSZEWICZ, B., JAWORSKI, T., KAUFMANN, S., KUIJPER, D., LORZ, J., LOTZ, A., tUBEK,

A., MAYER, M., MAYERHOFER, S., MEYER, S., MORINIERE, J., POPA, F., REITH, H., ROTH, N., SEIBOLD, S., SEIDL, R.,
STENGEL, E., WOLSKI, G. J. & THORN, S. 2021. Ecology versus society: Impacts of bark beetle infestations on biodiversity
and restorativeness in protected areas of Central Europe. Biological Conservation, 254, 108931.

KOTWA, J. D., ISAKSSON, M., JARDINE, C. M., CAMPBELL, G. D., BERKE, O., PEARL, D. L., MERCER, N. J., OSTERMAN-LIND,
E. & PEREGRINE, A. S. 2019. Echinococcus multilocularis Infection, Southern Ontario, Canada. Emerg Infect Dis, 25, 265-
272.

KOTWA, J. D., MASSE, A., GAGNIER, M., AFTANAS, P., BLAIS-SAVOIE, J., BOWMAN, J., BUCHANAN, T., CHEE, H.-Y.,
DIBERNARDO, A., KRUCZKIEWICZ, P., NIRMALARAJAH, K., SOOS, C., YIP, L., LINDSAY, L. R., LUNG, O., PICKERING, B.
& MUBAREKA, S. 2022. First detection of SARS-CoV-2 infection in Canadian wildlife identified in free-ranging white-tailed
deer (<em>Odocoileus virginianus</em>) from southern Québec, Canada. bioRxiv, 2022.01.20.476458.

KUCHIPUDI, S. V., SURENDRAN-NAIR, M., RUDEN, R. M., YON, M., NISSLY, R. H., VANDEGRIFT, K. J., NELLI, R. K., LI, L.,
JAYARAQ, B. M., MARANAS, C. D., LEVINE, N., WILLGERT, K., CONLAN, A. J. K., OLSEN, R. J., DAVIS, J. J., MUSSER, J.
M., HUDSON, P. J. & KAPUR, V. 2022. Multiple spillovers from humans and onward transmission of SARS-CoV-2 in white-
tailed deer. Proc Natl Acad Sci U S A, 119.

KUTZ, S. & TOMASELLI, M. 2019. “Two-eyed seeing” supports wildlife health. Science, 364, 1135-1137.

LABONTE, R., WIKTOROWICZ, M., PACKER, C., RUCKERT, A., WILSON, K. & HALABI, S. 2021. A pandemic treaty, revised
international health regulations, or both? Globalization and Health, 17, 128.

LALLO, M. A. 2012. Deforestation and Water Borne Parasitic Zoonoses. In: MOUTINHO, P. (ed.) Deforestation Around the
World.

LATINNE, A., HU, B., OLIVAL, K. J., ZHU, G., ZHANG, L., LI, H., CHMURA, A. A., FIELD, H. E., ZAMBRANA-TORRELIO, C.,
EPSTEIN, J. H., LI, B., ZHANG, W., WANG, L.-F,, SHI, Z.-L. & DASZAK, P. 2020. Origin and cross-species transmission of bat
coronaviruses in China. Nature Communications, 11, 4235.

LAU, S. K. P, LAU, C. C. Y., CHAN, K. H., LI, C. P Y., CHEN, H., JIN, D. Y., CHAN, J. . W, WOO, P. C. Y. & YUEN, K. Y. 2013.
Delayed induction of proinflammatory cytokines and suppression of innate antiviral response by the novel Middle East
respiratory syndrome coronavirus: implications for pathogenesis and treatment. J Gen Virol, 94, 2679-2690.

LEACH, M., MACGREGOR, H., SCOONES, I. & WILKINSON, A. 2021. Post-pandemic transformations: How and why COVID-19
requires us to rethink development. World Development, 138, 105233.

LEARNING THE LAND. n.d. Available: https://learningtheland.ca [Accessed].

An RSC Policy Briefing

62



LERNER, H. & BERG, C. 2017. A Comparison of Three Holistic Approaches to Health: One Health, EcoHealth, and Planetary
Health. Frontiers in Veterinary Science, 4.

LI, Q., NAKADAI, A., MATSUSHIMA, H., MIYAZAKI, Y., KRENSKY, A. M., KAWADA, T. & MORIMOTO, K. 2006. Phytoncides
(wood essential oils) induce human natural killer cell activity. Immunopharmacol Immunotoxicol, 28, 319-33.

LI, W., SHI, Z., YU, M., REN, W., SMITH, C., EPSTEIN, J. H., WANG, H., CRAMERI, G., HU, Z., ZHANG, H., ZHANG, J.,
MCEACHERN, J., FIELD, H., DASZAK, P., EATON, B. T., ZHANG, S. & WANG, L. F. 2005. Bats are natural reservoirs of SARS-
like coronaviruses. Science, 310, 676-9.

LIGETI, A. 2020. How B.C. communities are using salt marshes to combat sea level rise. Available: https://thenarwhal.ca/
newsletter-salt-marshes-fraser-valley-rising-seas-climate-change/.

LIPSITCH, M., DONNELLY, C. A., FRASER, C., BLAKE, I. M., CORI, A., DORIGATTI, |., FERGUSON, N. M., GARSKE, T., MILLS, H.
L., RILEY, S., VAN KERKHOVE, M. D. & HERNAN, M. A. 2015. Potential Biases in Estimating Absolute and Relative Case-
Fatality Risks during Outbreaks. PLOS Neglected Tropical Diseases, 9, e€0003846.

LORINC, J. 2021. How much - exactly - has the pandemic cost Canada? Star analysis finds toll is more than $1.5 billion a day.
Toronto Star, 29 May 2021.

MACKENZIE, J. S., MCKINNON, M. & JEGGO, M. 2014. One Health: From Concept to Practice. Confronting Emerging
Zoonoses: The One Health Paradigm, 163-189.

MALLAPATY, S. 2020. Scientists call for pandemic investigations to focus on wildlife trade. Nature, 583, 344.

MARQUES, A. D., SHERRILL-MIX, S., EVERETT, J. K., ADHIKARI, H., REDDY, S., ELLIS, J. C., ZELIFF, H., GREENING, S. S.,
CANNUSCIO, C. C,, STRELAU, K. M., COLLMAN, R. G., KELLY, B. J., RODINO, K. G., BUSHMAN, F. D., GAGNE, R. B. &
ANIS, E. 2022. Evolutionary Trajectories of SARS-CoV-2 Alpha and Delta Variants in White-Tailed Deer in Pennsylvania.
medRxiv, 2022.02.17.22270679.

MARSELLE, M. R., BOWLER, D. E., WATZEMA, J., EICHENBERG, D., KIRSTEN, T. & BONN, A. 2020. Urban street tree
biodiversity and antidepressant prescriptions. Scientific Reports, 10, 22445.

MASHFORD-PRINGLE, A., SKURA, C., STUTZ, S. & YOHATHASAN, T. 2021. What we heard: Indigenous Peoples and COVID-19.
Waakebiness-Bryce Institute for Indigenous Health, Dala Lana School of Public Health, University of Toronto.

MCDERMOTT, J. E., MITCHELL, H. D., GRALINSKI, L. E., EISFELD, A. J., JOSSET, L., BANKHEAD, A., NEUMANN, G., TILTON,
S. C., SCHAFER, A, LI, C., FAN, S., MCWEENEY, S., BARIC, R. S., KATZE, M. G. & WATERS, K. M. 2016. The effect of
inhibition of PP1 and TNFI signaling on pathogenesis of SARS coronavirus. BMC Systems Biology, 10, 93.

MCGREGOR, D. 2009. Linking traditional knowledge and environmental practice in Ontario. J Can Stud, 43, 69-100.

MEMISH, Z. A., MISHRA, N., OLIVAL, K. J., FAGBO, S. F.,, KAPOOR, V., EPSTEIN, J. H., ALHAKEEM, R., DUROSINLOUN, A,
AL ASMARI, M., ISLAM, A., KAPOOR, A., BRIESE, T., DASZAK, P, AL RABEEAH, A. A. & LIPKIN, W. I. 2013. Middle East
respiratory syndrome coronavirus in bats, Saudi Arabia. Emerg Infect Dis, 19, 1819-23.

MERCER, T. R. & SALIT, M. 2021. Testing at scale during the COVID-19 pandemic. Nature Reviews Genetics, 22, 415-426.

MILLER, J. R. 2005. Biodiversity conservation and the extinction of experience. Trends in Ecology & Evolution, 20, 430-434.

MOLLENTZE, N. & STREICKER, D. G. 2020. Viral zoonotic risk is homogenous among taxonomic orders of mammalian and avian
reservoir hosts. Proceedings of the National Academy of Sciences, 117, 9423.

MONTESANTI, S. & THURSTON, W. B. E. 2015. Engagement of Indigenous peoples in One Health education and research.
Case Studies in One Health: Solving Complex Problems in a Changing World. 5M Publishing.

MORA, C., TITTENSOR, D. P, ADL, S., SIMPSON, A. G. B. & WORM, B. 2011. How many species are there on Earth and in the
ocean? PLoS biology, 9, €1001127-e1001127.

MORATELLI, R. & CALISHER, C. H. 2015. Bats and zoonotic viruses: can we confidently link bats with emerging deadly viruses?
Memorias do Instituto Oswaldo Cruz, 110, 1-22.

MUNSTER, V. J., ADNEY, D. R., VAN DOREMALEN, N., BROWN, V. R., MIAZGOWICZ, K. L., MILNE-PRICE, S., BUSHMAKER, T,
ROSENKE, R., SCOTT, D., HAWKINSON, A., DE WIT, E., SCHOUNTZ, T. & BOWEN, R. A. 2016. Replication and shedding
of MERS-CoV in Jamaican fruit bats (Artibeus jamaicensis). Sci Rep, 6, 21878.

MUNYUA, P. M., NJENGA, M. K., OSORO, E. M., ONYANGO, C. O., BITEK, A. O., MWATONDO, A., MUTURI, M. K., MUSEE,
N., BIGOGO, G., OTIANG, E., ADE, F., LOWTHER, S. A., BREIMAN, R. F., NEATHERLIN, J., MONTGOMERY, J. &
WIDDOWSON, M.-A. 2019. Successes and challenges of the One Health approach in Kenya over the last decade. BMC
Public Health, 19, 465.

NAEEM, S., CHAZDON, R., DUFFY, J. E., PRAGER, C. & WORM, B. 2016. Biodiversity and human well-being: an essential link for
sustainable development. Proceedings of the Royal Society B: Biological Sciences, 283, 20162091.

NAOMI, A. S. 2020. Access to Nature Has Always Been Important; With COVID-19, It Is Essential. HERD: Health Environments
Research & Design Journal, 13, 242-244.

O'CONNOR, C. M., ABID, M., WALSH, A. L., BEHBOD, B., ROBERTS, T., BOOTH, L. V., THOMAS, H. L., SMITH, N. H.,
PALKOPOULOU, E., DALE, J., NUNEZ-GARCIA, J. & MORGAN, D. 2019. Cat-to-Human Transmission of Mycobacterium
bovis, United Kingdom. Emerg Infect Dis, 25, 2284-2286.

Strengthening a One Health Approach to Emerging Zoonoses

63


https://thenarwhal.ca/newsletter-salt-marshes-fraser-valley-rising-seas-climate-change/
https://thenarwhal.ca/newsletter-salt-marshes-fraser-valley-rising-seas-climate-change/

O'HALLORAN, C., TORNQVIST-JOHNSEN, C., WOODS, G., MITCHELL, J., REED, N., BURR, P., GASCOYNE-BINZI, D., WEGG,
M., BEARDALL, S., HOPE, J. & GUNN-MOORE, D. 2021. Feline tuberculosis caused by Mycobacterium bovis infection of
domestic UK cats associated with feeding a commercial raw food diet. Transbound Emerg Dis, 68, 2308-2320.

O'SHEA, T. J., CRYAN, P. M., CUNNINGHAM, A. A., FOOKS, A. R.,, HAYMAN, D. T., LUIS, A. D., PEEL, A. J., PLOWRIGHT, R. K.
& WOOD, J. L. 2014. Bat flight and zoonotic viruses. Emerg Infect Dis, 20, 741-5.

OGEDEGBE, G., RAVENELL, J., ADHIKARI, S., BUTLER, M., COOK, T., FRANCOIS, F., ITURRATE, E., JEAN-LOUIS, G., JONES,
S. A.,, ONAKOMAIYA, D., PETRILLI, C. M., PULGARIN, C., REGAN, S., REYNOLDS, H., SEIXAS, A., VOLPICELLI, F. M. &
HORWITZ, L. I. 2020. Assessment of Racial/Ethnic Disparities in Hospitalization and Mortality in Patients With COVID-19 in
New York City. JAMA Network Open, 3, €2026881-e2026881.

OIE 2021. Infection with SARS-CoV-2 in Animals.

ONE HEALTH COMMISSION. 2022. What is One Health? [Online]. Available: https://www.onehealthcommission.org/en/why_
one_health/what_is_one_health/ [Accessed].

ONE HEALTH INSTITUTE UNIVERSITY OF CALIFORNIA DAVIS. 2019. PREDICT [Online]. UC Davis. Available: https://ohi.
vetmed.ucdavis.edu/programs-projects/predict-project [Accessed].

OSCOS-SNOWBALL, A., TAN, E., PEREGRINE, A. S., FOSTER, R., BRONSOILER, J., GOTTSTEIN, B., JENKINS, E., GESY, K. &
BIENZLE, D. 2015. What is your diagnosis? Fluid aspirated from an abdominal mass in a dog. Vet Clin Pathol, 44, 167-8.

OSTFELD, R. S. & KEESING, F. 2000. Biodiversity and Disease Risk: The Case of Lyme Disease. Conservation Biology, 14, 722-
728.

OTU, A., EFFA, E., MESEKO, C., CADMUS, S., OCHU, C., ATHINGO, R., NAMISANGO, E., OGOINA, D., OKONOFUA, F. &
EBENSO, B. 2021. Africa needs to prioritize One Health approaches that focus on the environment, animal health and
human health. Nature Medicine, 27, 943-946.

PARKES, M. W., POLAND, B., ALLISON, S., COLE, D. C., CULBERT, I., GISLASON, M. K., HANCOCK, T., HOWARD, C.,
PAPADOPOULOS, A. & WAHEED, F. 2020. Preparing for the future of public health: ecological determinants of health and
the call for an eco-social approach to public health education. Can J Public Health, 111, 60-64.

PAVLOVICH, S. S., LOVETT, S. P, KOROLEVA, G., GUITO, J. C., ARNOLD, C. E., NAGLE, E. R., KULCSAR, K., LEE, A., THIBAUD-
NISSEN, F., HUME, A. J., MUHLBERGER, E., UEBELHOER, L. S., TOWNER, J. S., RABADAN, R., SANCHEZ-LOCKHART,
M., KEPLER, T. B. & PALACIOS, G. 2018. The Egyptian Rousette Genome Reveals Unexpected Features of Bat Antiviral
Immunity. Cell, 173, 1098-1110.e18.

PICKERING, B., LUNG, O., MAGUIRE, F., KRUCZKIEWICZ, P., KOTWA, J. D., BUCHANAN, T., GAGNIER, M., GUTHRIE,

J. L., JARDINE, C. M., MARCHAND-AUSTIN, A., MASSE, A., MCCLINCHEY, H., NIRMALARAJAH, K., AFTANAS, P,
BLAIS-SAVOIE, J., CHEE, H.-Y., CHIEN, E., YIM, W., GOOLIA, M., SUDERMAN, M., PINETTE, M., SMITH, G., SULLIVAN,
D., RUDAR, J., ADEY, E., NEBROSKI, M., COTE, M., LAROCHE, G., MCGEER, A. J., NITUCH, L., MUBAREKA, S. &
BOWMAN, J. 2022. Highly divergent white-tailed deer SARS-CoV-2 with potential deer-to-human transmission. bioRxiv,
2022.02.22.481551.

PIENKOWSKI, T., DICKENS, B. L., SUN, H. & CARRASCO, L. R. 2017. Empirical evidence of the public health benefits of
tropical forest conservation in Cambodia: a generalised linear mixed-effects model analysis. The Lancet Planetary Health, 1,
e180-e187.

PINARD, C., CUQ, B., GIBSON, T., BRISSON, B., PLATTNER, B., LILLIE, B., BIENZLE, D., BROUWER, E., GOTTSTEIN, B. &
PEREGRINE, A. 2019. Alveolar echinococcosis in an Ontario dog resembling an hepatic abscess. The Canadian veterinary
journal = La revue veterinaire canadienne, 60, 1099-1103.

PLOWRIGHT, R. K., PARRISH, C. R., MCCALLUM, H., HUDSON, P. J., KO, A. |., GRAHAM, A. L. & LLOYD-SMITH, J. O. 2017.
Pathways to zoonotic spillover. Nature Reviews Microbiology, 15, 502-510.

PLOWRIGHT, R. K., REASER, J. K., LOCKE, H., WOODLEY, S. J., PATZ, J. A., BECKER, D. J., OPPLER, G., HUDSON, P. J. &
TABOR, G. M. 2021. Land use-induced spillover: a call to action to safeguard environmental, animal, and human health.
Lancet Planet Health, 5, e237-e245.

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

PREDICT CONSORTIUM. n.d. Development Data Library [Online]. Available: https://data.usaid.gov/browse?q=predict
[Accessed].

PREVENTION, C. F. D. C. A. 2003. Multistate Outbreak of Monkeypox - lllinois, Indiana, and Wisconsin, 2003. MMWR. Morbidity
and Mortality Weekly Report.

PUBLIC HEALTH AGENCY OF CANADA. 2007. Canadian Integrated Program for Antimicrobial Resistance Surveillance
(CIPARS) [Online]. Available: https://www.canada.ca/en/public-health/services/surveillance/canadian-integrated-program-
antimicrobial-resistance-surveillance-cipars.html [Accessed].

PUBLIC HEALTH AGENCY OF CANADA. 2021. Core Competencies for Public Health in Canada [Online]. Ottawa, Canada.
Available: https://www.canada.ca/en/public-health/services/public-health-practice/skills-online/core-competencies-public-
health-canada.html [Accessed].

An RSC Policy Briefing

64



PUBLIC HEALTH ONTARIO 2021. COVID-19 Delta Variant: Risk Assessment and Implications for Practice. Public Health Ontario.

PULLIAM, J. R., EPSTEIN, J. H., DUSHOFF, J., RAHMAN, S. A., BUNNING, M., JAMALUDDIN, A. A., HYATT, A. D., FIELD, H. E.,
DOBSON, A. P. & DASZAK, P. 2012. Agricultural intensification, priming for persistence and the emergence of Nipah virus: a
lethal bat-borne zoonosis. J R Soc Interface, 9, 89-101.

RAZAI, M. S., OSAMA, T., MCKECHNIE, D. G. J. & MAJEED, A. 2021. Covid-19 vaccine hesitancy among ethnic minority
groups. BMJ, 372, n513.

REDVERS, J. 2020. “The land is a healer”: Perspectives on land-based healing from Indigenous practitioners in northern Canada.
International Journal of Indigenous Health, 15.

ROBBINS, J. 2016. How forest loss is leading to a rise in human disease. Available: https://e360.yale.edu/features/how_forest_
loss_is_leading_to_a_rise_in_human_disease_malaria_zika_climate_change.

ROE, D. & LEE, T. M. 2021. Possible negative consequences of a wildlife trade ban. Nature Sustainability, 4, 5-6.

RUDYK, M. 2020. Put mining on hold during the COVID-19 pandemic, say Yukon First Nations. Available: https://www.cbc.ca/
news/canada/north/yukon-mining-covid-nacho-nyak-1.5516670.

RUEGG, S. R., MACHALABA, C., MCMAHON, B. J., HASLER, B., ERRECABORDE, K. M., PELICAN, K. & KOCK, R. 2017.
Expectations for a new WHO Director General: health in a rapidly changing environment. The Lancet Planetary Health, 1,
ed4-e45.

RUSCIO, B. A., BRUBAKER, M., GLASSER, J., HUESTON, W. & HENNESSY, T. W. 2015. One Health - a strategy for resilience in a
changing arctic. International Journal of Circumpolar Health, 74, 27913.

SALYER, S. J., SILVER, R., SIMONE, K. & BARTON BEHRAVESH, C. 2017. Prioritizing Zoonoses for Global Health Capacity
Building-Themes from One Health Zoonotic Disease Workshops in 7 Countries, 2014-2016. Emerging infectious diseases,
23, S55-S64.

SCHOUNTZ, T. 2014. Immunology of bats and their viruses: challenges and opportunities. Viruses, 6, 4880-4901.

SCHUH, A. J., AMMAN, B. R., SEALY, T. K., SPENGLER, J. R., NICHOL, S. T. & TOWNER, J. S. 2017. Egyptian rousette bats
maintain long-term protective immunity against Marburg virus infection despite diminished antibody levels. Scientific
Reports, 7, 8763.

SCHWABE, C. W. 1984. Veterinary Medicine and Human Health, Baltimore: Williams & Wilkins.

SECRETARIAT OF THE CONVENTION ON BIOLOGICAL DIVERSITY 2020. Global Biodiversity Outlook 5. Montreal.

SEIFERT, S. N., LETKO, M. C., BUSHMAKER, T., LAING, E. D., SATURDAY, G., MEADE-WHITE, K., VAN DOREMALEN, N.,
BRODER, C. C. & MUNSTER, V. J. 2020. Rousettus aegyptiacus Bats Do Not Support Productive Nipah Virus Replication. J
Infect Dis, 221, S407-s413.

SEN, M. 2020. Forests: at the heart of a green recovery from the COVID-19 pandemic.

SHARP, P. M. & HAHN, B. H. 2011. Origins of HIV and the AIDS pandemic. Cold Spring Harb Perspect Med, 1, a006841.

SHUAI, H., CHAN, J. F, YUEN, T. T., YOON, C., HU, J. C., WEN, L., HU, B., YANG, D., WANG, Y., HOU, Y., HUANG, X., CHAI,
Y., CHAN, C. C., POON, V. K., LU, L., ZHANG, R. Q., CHAN, W. M., IP, J. D., CHU, A. W., HU, Y. F,, CAI, J. P, CHAN, K. H.,
ZHOU, J., SRIDHAR, S., ZHANG, B. Z., YUAN, S., ZHANG, A. J., HUANG, J. D., TO, K. K., YUEN, K. Y. & CHU, H. 2021.
Emerging SARS-CoV-2 variants expand species tropism to murines. EBioMedicine, 73, 103643.

SIMONIENKO, K. 2021. Terapia lasem w badaniach i praktyce, Wydawnictwo Naukowe Silva RERUM.

SINGER, M., BULLED, N., OSTRACH, B. & MENDENHALL, E. 2017. Syndemics and the biosocial conception of health. The
Lancet, 389, 941-950.

SKELDING, A., BROOKS, A., STALKER, M., MERCER, N., DE VILLA, E., GOTTSTEIN, B. & PEREGRINE, A. S. 2014. Hepatic
alveolar hydatid disease (Echinococcus multilocularis) in a boxer dog from southern Ontario. The Canadian veterinary
journal = La revue veterinaire canadienne, 55, 551-553.

SMOLINSKI, M. S., HAMBURG, M. A. & LEDERBERG, J. 2003. Microbial Threats to Health: Emergence, Detection, and
Response, Washington (DC): National Academies Press (US).

SONNBERG, S., WEBBY, R. J. & WEBSTER, R. G. 2013. Natural history of highly pathogenic avian influenza HSN1. Virus Res,
178, 63-77.

SPRINGMANN, V. 2020. Disparités Hommes-Femmes. Direction Régionale de Santé Publique de Montréal.

SPRINGMANN, V. 2020. Disparités hommes-femmes, Le point sur la santé des Montréalais en période de pandémie. CIUSSS du
Centre-Sud-de-I'Tle-de-Montréal/DRSP de Montréal.

STATISTICS CANADA. 2015. Health at a Glance [Online]. Available: https://www150.statcan.gc.ca/n1/pub/82-624-x/2013001/
article/11763-eng.htm [Accessed].

STATISTICS CANADA 2017. Women and Paid Work.

STATISTICS CANADA 2020. The contribution of immigrants and population groups designated as visible minorities to nurse
aide, orderly and patient service associate occupations.

STATISTICS CANADA 2021. COVID-19 in Canada: A One-year Update on Social and Economic Impacts.

Strengthening a One Health Approach to Emerging Zoonoses 65



STEPHEN, C. 2019. The Pan-Canadian Approach to Wildlife Health. The Canadian veterinary journal = La revue veterinaire
canadienne, 60, 145-146.

STEPHEN, C. & GALLAGHER, C. 2021. Health Promotion as a Foundation for Reciprocal Care and Collective Action. Animals,
Health, and Society - Health Promotion, Harm reduction and health equity in a One Health World. CRC Press.

TATHAM, L., SHARP, J., KIJAK, E., HERRIOTT, J., NEARY, M., BOX, H., VALENTIJN, A., COX, H., PERTINEZ, H., CURLEY, P,
ARSHAD, U., RAJOLI, R. K., RANNARD, S., STEWART, J. & OWEN, A. 2022. Lack of Ronapreve (REGN-CoV; casirivimab
and imdevimab) virological efficacy against the SARS-CoV-2 Omicron variant (B.1.1.529) in K18-hACE2 mice. bioRxiv,
2022.01.23.477397.

THORADENIYA, T. & JAYASINGHE, S. 2021. COVID-19 and future pandemics: a global systems approach and relevance to
SDGs. Globalization and Health, 17, 59.

THRUSHFIELD, M. and CHRISTLEY, R. Veterinary Epidemiology. 4th Edition, Wiley, 896 p.

TOBIAS, J. K. & RICHMOND, C. A. M. 2014. “That land means everything to us as Anishinaabe....”: Environmental
dispossession and resilience on the North Shore of Lake Superior. Health & Place, 29, 26-33.

TOGAMI, E., GARDY, J. L., HANSEN, G. R., POSTE, G. H., RIZZO, D. M., WILSON, M. E. & MAZET, J. A. K. 2018. Core
Competencies in One Health Education: What Are We Missing. NAM Perspectives, 8.

TOMASELLI, M., GERLACH, S. C., KUTZ, S. J., CHECKLEY, S. L. & COMMUNITY OF, I. 2018a. Igaluktutiaq Voices: Local
Perspectives about the Importance of Muskoxen, Contemporary and Traditional Use and Practices. Arctic, 71, 1-14.

TOMASELLI, M., KUTZ, S., GERLACH, C. & CHECKLEY, S. 2018b. Local knowledge to enhance wildlife population health
surveillance: Conserving muskoxen and caribou in the Canadian Arctic. Biological Conservation, 217, 337-348.

TURNER, P. V., COMPO, N. R., DAVIDSON, S., MCDOWELL, R., CAl, H., GOTTSTEIN, B. & PEREGRINE, A. S. 2016. Diagnoses
of alveolar echinococcosis in Lemurs at an exotic animal sanctuary: implications for public health. 66th Annual Meeting of
The James Steele Conference on Diseases in Nature Transmissible to Man. San, Antonio, Texas, USA.

UN CLIMATE CHANGE 2019. Climate Change Increases the Risk of Violence Against Women | UNFCCC.

UNITED NATIONS. 2015. The UN Sustainable Development Goals. United Nations, New York. Available: https://www.un.org/
sustainabledevelopment/blog/2015/09/summit-charts-new-era-of-sustainable-development-world-leaders-to-gavel-
universal-agenda-to-transform-our-world-for-people-and-planet/ [Accessed]

VAN DAALEN, K. R., BAINOCZKI, C., CHOWDHURY, M., DADA, S., KHORSAND, P, SOCHA, A., LAL, A., JUNG, L.,
ALQODMANI, L., TORRES, I., OUEDRAOGO, S., MAHMUD, A. J., DHATT, R., PHELAN, A. & RAJAN, D. 2020. Symptoms of
a broken system: the gender gaps in COVID-19 decision-making. BMJ Global Health, 5, €003549.

VANDEGRIFT, K. J., YON, M., SURENDRAN-NAIR, M., GONTU, A., AMIRTHALINGAM, S., NISSLY, R. H., LEVINE, N., STUBER,
T., DENICOLA, A. J., BOULANGER, J. R., KOTSCHWAR, N., AUCQIN, S. G., SIMON, R., TOAL, K., OLSEN, R. J., DAVIS,
J. J., BOLD, D., GAUDREAULT, N. N., RICHT, J. A., MUSSER, J. M., HUDSON, P. J., KAPUR, V. & KUCHIPUDI, S. V. 2022.
Detection of SARS-CoV-2 Omicron variant (B.1.1.529) infection of white-tailed deer. bioRxiv, 2022.02.04.479189.

VICTORIA GOLD CORP 2021. Victoria Gold Announces Eagle Gold Mine Q2 2021 Production.

WACHARAPLUESADEE, S., TAN, C. W., MANEEORN, P, DUENGKAE, P, ZHU, F.,, JOYJINDA, Y., KAEWPOM, T., CHIA, W. N.,
AMPOOT, W,, LIM, B. L., WORACHOTSUEPTRAKUN, K., CHEN, V. C.-W., SIRICHAN, N., RUCHISRISAROD, C., RODPAN,
A., NORADECHANON, K., PHAICHANA, T., JANTARAT, N., THONGNUMCHAIMA, B., TU, C., CRAMERI, G., STOKES,
M. M., HEMACHUDHA, T. & WANG, L.-F. 2021. Evidence for SARS-CoV-2 related coronaviruses circulating in bats and
pangolins in Southeast Asia. Nature Communications, 12, 972.

WALKER, H. M., REED, M. G. & FLETCHER, A. J. 2021. Applying intersectionality to climate hazards: a theoretically informed
study of wildfire in northern Saskatchewan. Climate Policy, 21, 171-185.

WATSA, M. 2020. Rigorous wildlife disease surveillance. Science, 369, 145-147.

WATSON, J. E. M., EVANS, T., VENTER, O., WILLIAMS, B., TULLOCH, A., STEWART, C., THOMPSON, I., RAY, J. C., MURRAY,
K., SALAZAR, A., MCALPINE, C., POTAPQV, P, WALSTON, J., ROBINSON, J. G., PAINTER, M., WILKIE, D., FILARDI,
C., LAURANCE, W. F., HOUGHTON, R. A., MAXWELL, S., GRANTHAM, H., SAMPER, C., WANG, S., LAESTADIUS, L.,
RUNTING, R. K., SILVA-CHAVEZ, G. A., ERVIN, J. & LINDENMAYER, D. 2018. The exceptional value of intact forest
ecosystems. Nature Ecology & Evolution, 2, 599-610.

WEINBRENNER, H., BREITHUT, J., HEBERMEHL, W., KAUFMANN, A., KLINGER, T., PALM, T. & WIRTH, K. 2021. “The Forest
Has Become Our New Living Room” - The Critical Importance of Urban Forests During the COVID-19 Pandemic. Frontiers
in Forests and Global Change, 4.

WERTZ-KANOUNNIKOFF, S. & RODINA, K. 2020. Saving forests can protect public health. Available: https://news.
globallandscapesforum.org/viewpoint/saving-forests-can-protect-public-health/.

WHITMEE, S., HAINES, A., BEYRER, C., BOLTZ, F., CAPON, A. G., DE SOUZA DIAS, B. F,, EZEH, A., FRUMKIN, H., GONG,
P, HEAD, P, HORTON, R., MACE, G. M., MARTEN, R., MYERS, S. S., NISHTAR, S., OSOFSKY, S. A., PATTANAYAK,
S. K., PONGSIRI, M. J., ROMANELLI, C., SOUCAT, A., VEGA, J. & YACH, D. 2015. Safeguarding human health in the
Anthropocene epoch: report of The Rockefeller Foundation&#x2013;<em>Lancet</em> Commission on planetary health.
The Lancet, 386, 1973-2028.

An RSC Policy Briefing 66



WHO DEPARTMENT OF INJURIES VIOLENCE PREVENTION 2005. Violence and Disasters.
WILDLIFE CONSERVATION SOCIETY. 2004. One World - One Health: The Manhattan Principles [Online]. Available: https://
oneworldonehealth.wcs.org/About-Us/Mission/The-Manhattan-Principles.aspx [Accessed 24 March 2022].

WILKINS, M. J., BARTLETT, P. C., FRAWLEY, B., O'BRIEN, D. J., MILLER, C. E. & BOULTON, M. L. 2003. Mycobacterium bovis
(bovine TB) exposure as a recreational risk for hunters: results of a Michigan Hunter Survey, 2001. Int J Tuberc Lung Dis, 7,
1001-9.

WILSON, C. B. 2012. One Health Initiative: WMA and WVA [Online]. World Medical Association. Available: https://www.wma.
net/blog-post/one-health-initiative-wma-and-wva/ [Accessed].

WITTROCK, J., DUNCAN, C. & STEPHEN, C. 2019. A Determinants of Health Conceptual Model for Fish and Wildlife Health. J
Wildl Dis, 55, 285-297.

WOOLHOUSE, M. E. & GOWTAGE-SEQUERIA, S. 2005. Host range and emerging and reemerging pathogens. Emerg Infect
Dis, 11, 1842-7.

WORLD ANIMAL PROTECTION. n.d. End the global wildlife trade. Forever. [Online]. Available: https://www.
worldanimalprotection.ca/wildlife-trade-ban-petition [Accessed 6 September 2021].

WORLD HEALTH ORGANIZATION. n.d. Prioritizing diseases for research and development in emergency contexts [Online].
Available: https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts
[Accessed 12 October 2021].

WORLD HEALTH ORGANIZATION. WHO Coronavirus (COVID-19) Dashboard [Online]. Available: https://covid19.who.int
[Accessed 24 March 2022].

WORLD HEALTH ORGANIZATION. Ottawa Charter for Health Promotion. 1986. 2.

WORLD HEALTH ORGANIZATION. 2017a. Determinants of Health [Online]. Available: https://www.who.int/news-room/qg-a-
detail/determinants-of-health [Accessed].

WORLD HEALTH ORGANIZATION. 2017b. One Health [Online]. Available: https://www.who.int/news-room/questions-and-
answers/item/one-health [Accessed].

WORLD HEALTH ORGANIZATION. 2020. WHO Director-General’s opening remarks at the media briefing on COVID-19 - 11
March 2020 [Online]. Available: https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-
remarks-at-the-media-briefing-on-covid-19---11-march-2020 [Accessed 3 November 2021].

WORLD HEALTH ORGANIZATION 2021. From Worlds Apart to a World Prepared: Global Preparedness Monitoring Board report
2021.

WORLD HEALTH ORGANIZATION, FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS & WORLD
ORGANISATION FOR ANIMAL HEALTH 2019. Taking a multisectoral, one health approach: a quadripartite guide to
addressing zoonotic diseases in countries.

WORLD ORGANIZATION FOR ANIMAL HEALTH. 2022. One Health [Online]. Available: https://www.oie.int/en/what-we-do/
global-initiatives/one-health/ [Accessed 24 March 2022].

YAVORSKY, J. E., QIAN, Y. & SARGENT, A. C. 2021. The gendered pandemic: The implications of COVID-19 for work and family.
Sociol Compass, 15, €12881.

YAYA, S., YEBOAH, H., CHARLES, C. H., OTU, A. & LABONTE, R. 2020. Ethnic and racial disparities in COVID-19-related deaths:
counting the trees, hiding the forest. BMJ Global Health, 5, €002913.

ZHOU, H., JI, J., CHEN, X,, BI, Y., LI, J., WANG, Q., HU, T., SONG, H., ZHAO, R., CHEN, Y., CUI, M., ZHANG, Y., HUGHES, A. C,,
HOLMES, E. C. & SHI, W. 2021. Identification of novel bat coronaviruses sheds light on the evolutionary origins of SARS-
CoV-2 and related viruses. Cell, 184, 4380-4391.e14.

ZINSSTAG, J., SCHELLING, E., WALTNER-TOEWS, D. & TANNER, M. 2011. From “one medicine” to “one health” and systemic
approaches to health and well-being. Preventive Veterinary Medicine, 101, 148-156.

Strengthening a One Health Approach to Emerging Zoonoses



<)

The Royal Society of Canada
282 Somerset Street West
Ottawa, Ontario K2P 0J6
WWW.rsc-src.ca
613-991-6990

(&>

RSC SRC

La Société royale du Canada
282, rue Somerset ouest
Ottawa (Ontario) K2P 0J6
WWW.rsc-src.ca
613-991-6990



