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ScienceDirect
There is considerable controversy over how to define the

concept of health, but the realization that it carries a positive

connotation beyond the absence of disease has gained

ground. Increasingly, ‘health’ is used as a metaphor to refer to a

desirable, ‘sustainable’ state of ecosystems and this broad

conceptualization has given rise to a several vibrant fields of

research and action. This article reviews some of the literature

that reflects the historical development of this ‘ecological’

health concept, in particular highlighting contributions from the

humanities and social sciences where applicable.
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Introduction
The word ‘health’ has etymological roots of wholeness

and completeness, first and foremost applied to human

wellbeing, but it is also often used as a metaphor, as in

‘the health of the economy.’ This article reviews how

traditional ideas about health as balance with nature

waned and waxed over the course of the 20th century

and how the concept of health increasingly was employed

to articulate concerns with ecosystem degradation. Not

only did health become a criterion of sustainability, but

also it became a lens for gaining ecological insight [1]. A

secondary aim is to illustrate the growing contribution of

the social sciences and the humanities to discussions of

health and ecosystems.

Concepts of health
Perhaps reflecting an intuitive sense of health as the

fundamental underlying base for daily functioning and

wellbeing, unnoticed until it falters, the concept of health

has eluded firm definition and is often referred to in terms
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of its opposites: disease, illness and sickness. The ques-

tion how health (and in particular disease) can best be

understood has been the subject of considerable debate

involving medical scientists, philosophers, historians and

sociologists. One view is that health is the absence of

disease, which moves the debate to what constitutes

disease. Here, a ‘naturalist’ position sees disease as a

deviation from a normal state, often affecting functional-

ity in some way. The biostatistical theory proposed in the

1970s by Christopher Boorse [2] is the most influential

articulation of the naturalist position and is still subject to

heated debate. The naturalist stance has wide support in

medicine and philosophy [3�], but has been criticized by

sociologists and historians of medicine who maintain that

‘health’ and ‘disease’ are socially constructed concepts

[3�,4]: ‘To provide a history of medical concepts is auto-

matically to raise questions about the ontological charac-

ter of disease states; to indicate that any phenomenon has

a history is to imply a relativistic view of reality’ [5].

Without questioning the biological base for health and

disease, sociologists argue that all knowledge, medical

included, is socially constructed [6]. The concept of

normality that underlies the naturalist conception

depends on the state of knowledge at the time and

defining a normal range is to some degree arbitrary and

normative [7�]. A further limitation of health as merely

the absence disease is that, intuitively, health is com-

monly also understood as something positive [6,7�,8,3�,9].
Health is ‘more desired than understood’ [4] and it is an

‘elusive as well as motivating idea’ [10]. Therefore, a

more holistic approach that accounts for the idea of

positive health and wellbeing is called for [6]. The

often-quoted definition adopted by the WHO in

1948 of health as a state of complete physical, mental

and social wellbeing is an example of such a holistic and

positive conception of health. It perhaps reflects the

optimism and commitment to social improvement of

the times but has also often been criticized as too broad

and impractical.

Underlying the debate around the concept of health was a

broader critique of the ‘biomedical model’ that formed

the mainstream of Western medicine during much of the

20th century. The sociology of health and disease in part

developed in reaction to the predominance of biomedi-

cine [6]. As the discoveries of Pasteur and Koch revealed

the role of bacteria and their pathways of transmission in

the causation of disease in the 19th century, germ theory

began to gain prominence and fundamentally changed

the way disease was conceptualized. Once germ theory

allowed the identification of specific pathological entities,

biomedicine began to see diseases as universal categories
www.sciencedirect.com
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with specific etiologies. In medical practice, attention

moved away from the patient as an individual and from

the social and natural environment to specific pathogens

and pathologies [6,7�]. In reaction to this, sociologists and

humanities scholars argued for the importance of the

patient as a whole, of the subjective experience of illness,

and of the embeddedness of biological processes in social

contexts.

Changing understandings of health and the
environment
Like other ancient cultures, the Greeks understood the

human body in terms of its relation to the environment

and the spiritual: disease was seen as a condition of

imbalance rather than as a specific pathological entity

[4,5]. In the form of theories of humors and miasma, such

thinking continued to shape Western understandings of

health until the advent of germ theory.

Looking back from a 21st century perspective, we can

perceive a movement away from conceptions of health as

balance with the environment, to the modern biomedical

model focused on disease as caused by specific pathogens,

and more recently again toward more ecological under-

standings of health. This is brilliantly illustrated in a case

study of the Californian Central Valley from the late 18th

century to the present, in which historian Linda Nash

traces evolving American understandings of health and

environment [11��]. She distinguishes between an

‘ecological’ conception of the body, one where a person’s

body is in harmony with the wider world, and a ‘modern’

conception, in which health is a quality of an individual

body. Into the early 20th century, while contagion was

recognized, the local environment was always regarded as

critical to health or illness. With the ascendance of germ

theory, ‘the healthy body was no longer a body in equi-

librium with its environment, a ‘body in balance,’ but a

pure body, one that was free from germs and parasites.’

After World War II, the modern conception of the body as

separate from the environment was challenged by new

types of disease, in the agricultural Central Valley in

particular by pesticide poisoning. The effects of pesti-

cides did not only depend on their chemical properties,

but also on a host of environmental factors, so that toxicity

was ‘a complex relationship between a chemical and the

environment in which it was applied.’

As the 20th century progressed, it became clear that

industrialization, urbanization and other forms of human

interference with ecosystems were taking a toll on human

health—by exposure to pesticides, radioactivity, air and

water pollution and also by creating situations where

people were more vulnerable to infectious diseases. Such

issues spurred the development of the field of environ-

mental health, which tended to focus on quantifying

exposure–response relationships for toxins encountered

in the human-dominated environment [12]. Other
www.sciencedirect.com 
researchers began to explore the relationship between

health and environment in a wider sense.

Ecosystem health

In the latter part of the 20th century, researchers con-

cerned with the threats to the sustainability of ecosys-

tems, turned to a medical metaphor derived from Aldo

Leopold’s idea of ‘land health’ [9,13�], with at its core a

naturalist conception of health: ‘An ecological system is

healthy [ . . . ] if it is stable and sustainable—that is, if it

is active and maintains its organization and autonomy

over time and is resilient to stress’ [14]. However, being

concerned with ecosystem management and policy, the

ecosystem health perspective also incorporates normative

(ethical) dimensions. Management goals need to be based

on values [15] and ecosystem health was primarily con-

ceived as a policy concept [14]. The definition of health as

overall functioning gives the ecosystem health approach a

holistic, systems perspective, that explores how human

health and ecosystem are linked and that argues that

‘environmental problems at local, regional, and global

levels are reflections of a global ecosystem distress

syndrome’ [16�]. While the medical analogy, where eco-

system stress and degradation can be diagnosed, pre-

vented and rehabilitated, appears to focus narrowly on

‘disease,’ this is accompanied by efforts to conceptualize

ecosystem health in a positive sense in terms of natural

vigor, resilience, and organization [13�]. Moreover, the

use of the health metaphor stimulates consideration of the

relationship of human health to ecosystem health

[16�,17]. The work on ecosystem health was foundational

to approaches such as ecohealth (see below), conservation

medicine [18] and can also be seen as one of the sources of

inspiration for the Millennium Ecosystem Assessment,

which elaborated the relationships of ecosystems with

human health as mediated by ecosystem services

[19,20,13�]. The influence of ecosystem health thinking,

combined with the ecosystems services approach, is con-

tinuing to be reflected in recent work on, for example,

indices to measure the health of oceans [21].

Ecohealth

In the early 2000s, several research communities came

together under the banner of ‘Ecohealth’ and established

the interdisciplinary journal EcoHealth and the Interna-

tional Association for Ecology and Health. An important

conceptual foundation was the ecosystem health perspec-

tive, but this confluence also included [22,23] conserva-

tion medicine [18], research on global change and health

[24], and ecosystems approaches to human health

[25,26��,27]. The broad conceptualization underlying

Ecohealth is that the health of humans, wildlife, and

ecosystems are inherently interdependent. Described

in the opening editorial of EcoHealth as ‘those exploring

the perspectives, theories, and methodologies emerging

at the interface between ecological and health sciences’

[22], this is a diverse, even heterogeneous, community.
Current Opinion in Environmental Sustainability 2017, 25:28–32



30 Sustainability challenges
An important connecting element, however, is a commit-

ment to transdisciplinarity, combining research and prac-

tice in contributing to equitable solutions in the context

of a quest for sustainability [22,23,26��,27,28]. Ecohealth

research addresses a wide range of issues and, where the

focus is on infectious diseases, there is considerable

overlap with the One Health approach (discussed below).

However, a large body of Ecohealth research is concerned

with non-communicable diseases and health issues,

including pollution relating to mining and agrochemicals,

diet and nutrition [27], the relation of wellbeing to place,

and so on.

Emerging infectious diseases and One Health

At the high tide of modern medicine, there was a perva-

sive confidence that the threat of infectious diseases was

about to be overcome. The HIV/AIDS epidemic demon-

strated the fallacy of this position and, in the 21st century,

the SARS epidemic and outbreaks of avian influenza

H5N1 led to the recognition of the (re-) emergence of

infectious diseases (EIDs) and potential pandemics as a

matter of international concern [29,30]. The powerful

EID narrative pervaded media accounts and writings

for the general public (e.g., [31–34]). It also facilitated a

movement that became known as ‘One Health.’ The

concept of One Health is traced to the idea of ‘one

medicine’ developed by Calvin Schwabe in the 1970s

that the health of humans and animals are fundamentally

connected and united [35]. Conceptually, ‘one medicine’

evolved toward ‘One Health’ by the incorporation of

contemporary thinking on health and ecosystems [36]

and the consideration of the social and ecological deter-

minants of human and animal health [37]. The primary

preoccupation of the One Health movement is with

zoonotic EIDs and responses to them, which require

coordinated, multidisciplinary and cross-sectoral

approaches [38] as exemplified at the global level by

the tripartite partnership among the WHO, FAO and

OiE.1 The conceptual framework of One Health, how-

ever, has broadened beyond human–animal–pathogen

interactions to integrate the environment and there is

now considerable overlap (and collaboration) with Eco-

health [37,39,40]. Social scientists have pointed out some

weaknesses in the One Health approach, in particular that

the global approach needs to be localized and contextu-

alized to bring out issues of equity, access and rights

(‘Whose world, whose health’) [41,also 42].

The field of EIDs is one where social scientists and

humanities scholars have been very active. At the core

of much of this literature is the analysis of the narratives

surrounding EIDS, of ‘epidemics and plagues as ideas,’
how these are constructed and have developed
1 See www.fao.org/ag/againfo/home/en/news_archive/AGA_in_action/

2013_Tripartite_partnership_at_the_human-animal-ecosystem_

interface.html.
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historically, how certain explanations come to dominate

researchers’ positions, and how they frame the issues and

promote particular goals and values [43–48]. In the age of

EIDs, the scientific certainty of modern medicine has

given way to a fundamental biological and situational

uncertainty [49], upsetting assumptions of known risks

[46]. The impact of EID countermeasures on local peo-

ple’s livelihoods in the developing world is also

highlighted [41,50].

Planetary health
In some ways, the extension of health concepts to the

environment finds its culmination in the idea of Planetary

Health. In 2014, Horton et al. issued a manifesto calling

for a social movement to address the unsustainable sys-

tem humanity has created [51]. It describes Planetary

Health as “an attitude towards life and a philosophy for

living. It emphasizes people, not diseases, and equity, not

the creation of unjust societies.” The Rockefeller

Foundation–Lancet Commission on Planetary Health

in its report in 2016 expanded on this [52]. Building on

the concepts of the Anthropocene [53], planetary bound-

aries [54] and the great acceleration [55], and noting that

health has generally improved despite environmental

degradation, it connects human health and wellbeing

with the growing threats to the earth system. Perhaps

echoing the ambition of the WHO definition of health

almost 70 years earlier, it defines Planetary Health as ‘the

achievement of the highest attainable standard of health,

wellbeing, and equity worldwide through judicious atten-

tion to the human systems—political, economic, and

social—that shape the future of humanity and the Earth’s

natural systems that define the safe environmental limits

within which humanity can flourish. Put simply, planetary

health is the health of human civilisation and the state of

the natural systems on which it depends.’

Conclusion
Historically, conceptions of health have evolved around

ideas of wholeness and balance, both internally and with

the environment. This understanding of health as con-

nected to the environment faded into the background

during the heydays of modern medicine, with germ

theory providing a framework that focuses on specific

diseases rather than the patient and their environment. In

the second half of the twentieth century, sociologists and

public health researchers documented the social embedd-

edness of health and environmental threats like pesti-

cides, air and water pollution and the emergence of new

infectious diseases helped the environmental conception

of health regain prominence. Moreover, increasingly were

health metaphors beginning to be used to articulate

concerns about the degradation of ecosystems and even-

tually about the human impact on the earth system.

The development of interdisciplinary understanding of

health and ecosystems involved the intertwining of
www.sciencedirect.com
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medicine and ecology (and, recently, environmental and

earth science). It also involved a growing engagement

with the social sciences and humanities. The sociology

and anthropology of health and of the environment are

now well-established fields. Medical or health humanities

are beginning to gain recognition as well [4,56], and calls

for taking social science and the humanities serious in

discussions of the Anthropocene are being voiced [57–59].

The sustainability of human civilizations in the Anthro-

pocene requires a powerful interdisciplinary imagination

and organizing some of our thinking about the future

around health-inspired ideas can continue to help realize

new conceptual connections.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest
�� of outstanding interest

1. McMichael T: The biosphere, health, and “sustainability”.
Science 2002, 297:1093.

2. Boorse C: On the distinction between disease and illness.
Philos. Public Aff. 1975, 5:49-68.

3.
�

Murphy D: Concepts of disease and health. In The Stanford
Encyclopedia of Philosophy. Edited by Zalta EN. 2017 http://plato.
stanford.edu/archives/spr2015/entries/health-disease/.

Useful overview of discussions in philosophy on disease and health.

4. Cole TR, Carling NS, Carson RA: Medical Humanities, An
Introduction. Cambridge University Press; 2015.

5. Turner BS: The history of the changing concepts of health and
illness: outline of a general model of illness categories. In The
Handbook of Social Studies in Health and Medicine. Edited by
Albrecht GL, Fitzpatrick R, Scrimshaw SC. Sage; 2000:9-23.

6. Nettleton S: The Sociology of Health and Illness. Polity Press; 2013.

7.
�

Blaxter M: Health. Polity Press; 2010.
One of the few works that comprehensively addresses the concept of
health (as opposed to disease).

8. Boyd KM: Disease, illness, sickness, health, healing and
wholeness: exploring some elusive concepts. J. Med. Ethics
Med. Humanit. 2000, 26:9-17.

9. Callicot JB: Aldo Leopold’s metaphor. In Ecosystem Health:
New Goals for Ecosystem Management. Edited by Costanza R,
Norton B, Haskell BD. Island Press; 1992:42-56.

10. Lancet (editorial): What is health? The ability to adapt. Lancet
2009, 373:781.

11.
��

Nash L: Inescapable Ecologies, A History of Environment, Disease
and Knowledge. University of California Press; 2006.

Fascinating case study of the evolution of the conceptualization of health
in relation to the environment from the 19th century to the present.

12. Myers SS, Gaffikin L, Golden CD, Ostfeld RS, Redford KH,
Ricketts TH, Turner WR, Osofsky SA: Human health impacts of
ecosystem alteration. PNAS 2013, 47:18753-18760.

13.
�

Wilcox BA, Aguirre AA, Horwitz P: Ecohealth, connecting
ecology, health, and sustainability. In New Directions in
Conservation Medicine—Applied Cases of Ecological Health.
Edited by Aguirre AA, Ostfeld RS, Daszak P. Oxford University
Press; 2012:17-32.

Useful overview of the historical development of the ecohealth approach
and its linkages with related fields.

14. Haskell BD, Norton BG, Constanza R: What is ecosystem health
and why should we worry about it? In Ecosystem Health: New
Goals for Ecosystem Management. Edited by Costanza R, Norton
B, Haskell BD. Island Press; 1992:3-20.
www.sciencedirect.com 
15. Norton BG: A new paradigm for environmental management. In
Ecosystem Health: New Goals for Ecosystem Management. Edited
by Costanza R, Norton B, Haskell BD. Island Press; 1992:21-41.

16.
�

Rapport D, Constanza R, Epstein PR, Gaudet C, Levins R (Eds):
Ecosystem Health. Blackwell Science; 1998.

Comprehensive and still relevant overview of the ecosystem health
approach.

17. Rapport D, Mergler D: Expanding the practice of ecosystem
health. EcoHealth 2004, 2S:4-7.

18. Aguirre A, Ostfeld RS, Daszak P (Eds): New Directions in
Conservation Medicine—Applied Cases of Ecological Health.
Oxford University Press; 2012.

19. Millennium Ecosystem Assessment: Ecosystems and Human Well-
being: Synthesis. Island Press; 2005.

20. Corvalan C, Hales S, McMichael AJ, Butler C: Ecosystems and
Human Well-being: Health Synthesis. World Health Organization;
2005.

21. Halpern BS, Longo C, Hardy D, McLeod KL, Samhouri JF,
Katona SK, Kleisner K, Lester SE, O’Leary J, Ranelletti M et al.: An
index to assess the health and benefits of the global ocean.
Nature 2012, 488:615-622.

22. Wilcox BA, Aguirre AA, Daszak P, Horwitz P, Martens P, Parkes M,
Patz JA, Waltner-Toews D: EcoHealth: a transdisciplinary
imperative for a sustainable future. EcoHealth 2004, 1:3-5.

23. Saint-Charles J, Webb J, Sanchez A, Mallee H, van Wendel de
Joode B, Nguyen-Viet H: Ecohealth as a field: looking forward.
EcoHealth 2014, 3:300-307.

24. Aron JL, Patz JA (Eds): Ecosystem Change and Public Health: A
Global Perspective. Johns Hopkins University Press; 2001.

25. Lebel J: Health: An Ecosystem Approach. International
Development Research Center; 2003.

26.
��

Waltner-Toews D, Kay J, Lister NE (Eds): The Ecosystem
Approach: Complexity, Uncertainty, and Managing for
Sustainability. Columbia University Press; 2008.

Probably the best overview of the ecohealth approach, including its
philosophical foundations and concrete applications.

27. Charron DF (Ed): Ecohealth Research in Practice: Innovative
Applications of an Ecosystem Approach to Health. International
Development Research Centre; 2012.

28. Wilcox BA, Kueffer C: Transdisciplinarity in EcoHealth: status
and future prospects. EcoHealth 2008, 1:1-3.

29. Davies SE, Kamradt-Scott A, Rushton S: Disease Diplomacy,
International Norms and Global Health Security. Johns Hopkins
University Press; 2015.

30. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL,
Daszak P: Global trends in emerging infectious diseases.
Nature 2008, 451:990-994.

31. Garret L: The Coming Plague, Newly Emerging Diseases in a World
Out of Balance. Penguin; 1994.

32. Barry JM: The Great Influenza, The Story of the Deadliest
Pandemic in History. Penguin; 2004.

33. Greger M: Bird Flu, A Virus of Our Own Hatching. Lantern Books;
2006.

34. Quammen P: Spillover: Animal Infections and the Next Human
Pandemic. Norton; 2013.

35. Kaplan B: One Health or . . . some health. Vet. Ital. 2011, 2:129-
131.

36. Zinsstag J, Schelling E, Waltner-Toews D, Tanner M: From “one
medicine” to “one health” and systemic approaches to health
and well-being. Prev. Vet. Med. 2011 http://dx.doi.org/10.1016/j.
prevetmed.2010.07.003.

37. Zinsstag J: The convergence of ecohealth and one health.
EcoHealth 2012, 9:371-373.

38. Mackenzie JS, Jeggo M, Daszak P, Richt JA (Eds): One Health:
The Human-Animal-Environment Interfaces in Emerging Infectious
Current Opinion in Environmental Sustainability 2017, 25:28–32

http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0005
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0005
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0010
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0010
http://plato.stanford.edu/archives/spr2015/entries/health-disease/
http://plato.stanford.edu/archives/spr2015/entries/health-disease/
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0020
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0020
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0025
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0025
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0025
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0025
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0030
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0035
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0040
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0040
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0040
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0045
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0045
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0045
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0050
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0050
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0055
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0055
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0060
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0060
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0060
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0065
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0065
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0065
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0065
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0065
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0070
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0070
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0070
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0070
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0075
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0075
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0075
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0080
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0080
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0085
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0085
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0090
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0090
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0095
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0095
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0100
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0100
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0100
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0105
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0105
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0105
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0105
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0110
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0110
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0110
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0115
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0115
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0115
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0120
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0120
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0125
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0125
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0130
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0130
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0130
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0135
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0135
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0140
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0140
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0145
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0145
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0145
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0150
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0150
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0150
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0155
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0155
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0160
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0160
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0165
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0165
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0170
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0170
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0175
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0175
http://dx.doi.org/10.1016/j.prevetmed.2010.07.003
http://dx.doi.org/10.1016/j.prevetmed.2010.07.003
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0185
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0185
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0190
http://refhub.elsevier.com/S1877-3435(16)30053-7/sbref0190


32 Sustainability challenges
Disease, The Concept and Examples of a One Health Approach.
Springer; 2013.

39. Zinsstag J, Mackenzie JS, Jeggo M, Heymann DL, Patz JA,
Daszak P: Mainstreaming one health. EcoHealth 2012, 9:107-
110.

40. Parkes M: Diversity, emergence, resilience: guides for a new
generation of ecohealth research and practice. EcoHealth
2011, 2:378-380.

41. Scoones I (Ed): Avian Influenza—Science, Policy and Politics.
Earthscan; 2010.

42. Wolf M: Is there really such a thing as “one health”? Thinking
about a more than human world from the perspective of
cultural anthropology. Soc. Sci. Med. 2015, 129:5-11.

43. Wald P: Contagious: Cultures, Carriers, and the Outbreak
Narrative. Duke University Press; 2008.

44. Herring DA, Swedlund AC (Eds): Plagues and Epidemics, Infected
Spaces Past and Present. Berg; 2010.

45. Blakely DE: Social construction of three influenza pandemics
in the New York Times. Journalism Mass Commun. Q. 2003,
4:884-902.

46. Dingwall R, Hoffman LM, Staniland K (Eds): Pandemics and
Emerging Infectious Diseases: The Sociological Agenda. Wiley
Blackwell; 2013.

47. Leach M, Dry S: Epidemic narratives. In Epidemics: Science,
Governance, and Social Justice. Edited by Dry S, Leach M.
Earthscan; 2010:2-21.

48. Leach M, Scoones I, Stirling A: Governing epidemics in an age of
complexity: narratives, politics and pathways to sustainability.
Glob. Environ. Change 2010, 20(3):369-377 http://dx.doi.org/
10.1016/j.gloenvcha.2009.11.008.

49. MacPhail T: The Viral Network—A Pathography of the H1N1
Influenza Pandemic. Cornell University Press; 2014.
Current Opinion in Environmental Sustainability 2017, 25:28–32 
50. Lockerbie S, Herring DA: Global panic, local repercussions:
economic and nutritional effects of bird flu in Vietnam. In
Anthropology and Public Health, Bridging Differences in Culture
and Society. Edited by Hahn RA, Inhorn MC. Oxford University
Press; 2009:566-587.

51. Horton R, Beaglehole R, Bonita R, Raeburn J, McKee M, Wall S:
From public to planetary health: a manifesto. Lancet 2014,
383:847.

52. Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG, Ferreira de
Souza Dias B, Ezeh A, Frumkin H, Gong P, Head P: Safeguarding
human health in the Anthropocene epoch: report of The
Rockefeller Foundation–Lancet Commission on planetary
health. Lancet 2015, 386(10007):1973-2028 http://dx.doi.org/
10.1016/S0140-6736(15)60901-1.

53. Crutzen PJ: Geology of mankind. Nature 2002, 415:23.

54. Steffen W, Richardson K, Rockström J, Cornell SE, Fetzer I,
Bennett EM, Biggs R, Carpenter SR, de Vries W, de Wit CA:
Planetary boundaries: guiding human development on a
changing planet. Science 2015, 347:1259855.

55. Steffen W, Broadgate W, Deutsch L, Gaffney O, Ludwig C: The
trajectory of the Anthropocene: the great acceleration.
Anthropocene Rev. 2015, 2:81-98.

56. Crawford P, Brown B, Baker C, Tischler V, Abrams B: Health
Humanities. Palgrave Macmillan; 2015.
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