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Abstract Human health and diseases are determined by
many complex factors. Health threats from the human-
animal-ecosystems interface (HAEI) and zoonotic diseases
(zoonoses) impose an increasing risk continuously to public
health, from those emerging pathogens transmitted through
contact with animals, food, water and contaminated environ-
ments. Immense challenges forced on the ecological perspec-
tives on food and the eco-environments, including aquacul-
ture, agriculture and the entire food systems. Impacts of food
and eco-environments on human health will be examined
amongst the importance of human interventions for intended
purposes in lowering the adverse effects on the biodiversity.
The complexity of relevant conditions defined as factors con-
tributing to the ecological determinants of health will be illu-
minated from different perspectives based on concepts, cita-
tions, examples and models, in conjunction with harmful con-
sequential effects of human-induced disturbances to our envi-
ronments and food systems, together with the burdens from
ecosystem disruption, environmental hazards and loss of eco-
system functions. The eco-health literacy should be further
promoting under the “One Health” vision, with “One
World” concept under Ecological Public Health Model for
sustaining our environments and the planet earth for all be-
ings, which is coincidentally echoing Confucian’s theory for
the environmental ethics of ecological harmony.
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Introduction

Concepts of diseases are developed at different stages
throughout the history of public health developments. The
basic premise of ecological thinking is that human health
and their determinants are interrelated, and different determi-
nants of health are leading to different patterns in the burdens
of diseases. The world is constantly changing and different
approaches for public health have also been adjusted to ac-
commodate the transitional needs of the situations from the
conversion of an old public health model to a new public
health model, and till recently, an ecological public health
model is the ultimate focus of this transitional needs for an
attempt to make positive movements and actions to counter
these multiple influences of our health arising from those of
ecological determinants.

WHO (1947) defined that “Health is a state of complete
physical, mental, and social well-being, and not merely the
absence of disease and infirmity.” However, this definition
of health has received much criticism over the years and con-
sidered to be inadequate to capture variations in health, as
health is dynamic and changes from time to time and with
multiple dimensions (Sharma and Atri 2010). In fact, many
literatures also revealed different dimensions for the health
concept in areas such as physical health, mental health, social
health, environmental health, spiritual health and emotional
health (Ananth 2008). Concepts of health are indeed defined
in much broader sense, especially there are different meanings
of focuses that set forth the boundaries in its field of concerns
in relation to the particular health issues and/or determinants
per se. This paper discusses more focuses on expanding the
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boundary in the concepts of health with emergence of com-
plicated factors involved as our understandings developed
through the correlations of these complex systems towards
the twenty-first century in ecological public health develop-
ments, regarding the ecological determinants of health in con-
junction with the harmful consequential effects of human-
induced disturbances to our environments and food systems,
together with the burdens from ecosystem disruption, environ-
mental hazards and loss of ecosystem functions.

In actual fact, different determinants of health such as bio-
logical, psychosocial, environmental, socio-economical,
health behaviour practices, medical advancement as well as
ecological determinants imply for different public health
approaches in tackling the subsequent or potential health
problems. Public health refers to “all organized measures
(whether public or private) to prevent disease, promote health,
and prolong life among the population as a whole. Its activities
aim to provide conditions in which people can be healthy and
focus on entire populations, not on individual patients of dis-
eases. Thus, public health is concerned with the total system
and not only the eradication of a particular disease” (WHO
2015a). Transforming from the perspectives of old public
health model that focused on hygiene, sanitation, clean water
and housing to a new public health model that shifted to
person-in-action directly towards health with emphasis on
lifestyle approach, which is also in line with the governmental
policies of “better health for all” as an initiative, in which the
prime focuses are on the lifestyle dimension as an integral part
in its concept for health, and till now in the ecological public
health concern in the direction of momentous demands and
focuses to support the sustainability of our eco-environments
and human communities for our ongoing existence on this
planet earth, inter alia with issues on global environmental
hazards to human health such as climate change, stratospheric
ozone depletion, loss of biodiversity, changes in hydrological
systems and the supplies of freshwater, land degradation and
stresses on food-producing systems, as well as other ecologi-
cal determinants such as health threats from the human-
animal-ecosystems interface (HAEI) and zoonotic diseases
(zoonoses). Host-agent-environment model is an early public
health framework that has also been viewed as adhering to this
ecological standpoint, in which eco-epidemiology is grounded
in the principle of ecologism with emphasis on the concept of
disease resulting from complex interactions between man, an
agent (e.g. domestic food animals, poultry and wildlife) and
the environments.

In this context, factors affecting the ecosystem functions to
human health are being addressed, which are also tied to the
overall development of ecology, and the emergence of these
eco-health are in the spot of significant concerns, including the
related impacts of food and environment on our health. This is
especially so, as our understandings unfolded on the
complexes of factors that interacted and interrelated to the
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effects of our human health under the influences of these eco-
logical determinants, which are beyond our systems thinking
yet is also systemic in a web of relationships, and all of which
are also undergoing change to different health transitions
(Rayner and Lang 2012). This understanding of health-
disease process from different perspectives and stages across
public health developments in terms of the patterns in health
transition, in turn, is an integral part of evidences supporting
this paradigm shift.

This paper specifically illustrates the importance of this
ecological paradigm, and those actual and potential health
threats from the HAEI and zoonoses impose an increasing risk
continuously to public health, from those emerging pathogens
transmitted through contact with animals, food, water and
contaminated environments that arise from such existence of
ecological determinants under this shift. This paradigm shift is
focused on “One Health” vision and “One World” concept as
generated for the Ecological Public Health Model in order to
promote ecological harmony and preserve the eco-environ-
ments for our co-existence of healthy ecosystems, healthy
animals and healthy humans. As Rayner and Lang (2012,
p. 12) reckoned that “A new ecological sense of public health
is emerging based on the recognition of the limits on nature,
that nature no longer offers an endless cornucopia of its re-
sources for human use or that the biological world can be
ceaselessly altered to human advantage”. Therefore, it is im-
portant to understand those ecological factors such as effects
of ecosystem services, environmental hazards and its related
impacts on the eco-environments and food systems to our
human health, plus health threats being strained by HAEIL
The ultimate goals of ecological public health approach served
as the proactive interventions to counter or minimize those
actual and potential problems.

Importance of ecosystem services and its related
drivers

As Bousfield and Brown (2011, p. 2) pointed out, “the rise of
emerging and resurging infectious diseases threatens not only
humans, but also the fauna and flora comprising the critically
needed biodiversity that supports the living infrastructure of
our world”, in which human health and animal health are
intimately connected. Food and environment served as a
key connecting point to the challenges in this domain, as
WHO (2014a) indicated that HAEI and zoonotic diseases
(zoonoses) are common to man and animals, which have
been recognized for many centuries. The complexity of
factors and issues arising from food systems and environ-
ments in relation to the ecological determinants of health is
indeed focused on more holistic spectrums of all those in-
ducing factors rather than just the causes confined in the
disease-centred biomedical model.
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Ecosystem refers to the combined physical and biological
components of an environment, with a dynamic complex of
plant, animal and microorganism communities and their
nonliving environment interacting as a functional unit. These
organisms form complex sets of interrelationships and
functions in our planet earth and any of ecosystem disruption
can have adverse impact on our health in various ways through
complex pathways. Friis (2012) stated that physical and social
environments play major roles in the health of individuals and
communities and also further emphasized maintaining environ-
mental quality is a pressing task for the twenty-first century.
The concept of environmental hazards can be in the form of
biological, chemical, physical, psychological and sociological
or site and location hazards, which are harmful to our human
health, and those hazards can also be affected by the changes or
disturbances of biodiversity and its subsequent ecosystem
services (Romanelli et al. 2014). Every disturbance to the
eco-environment will prime to the subsequent alteration of dis-
ease patterns and our human exposure to the altered and later
disease outbreaks that in effect guide to the increasing burdens
on global health (Barrett et al. 2015).

WHO (2014b) spelled out that human health is affected by
changes or disturbances in biodiversity and ecosystem ser-
vices, with which the natural ecosystem functioning are indis-
pensable to the well-being of all people in the world. The
report by Millennium Ecosystem Assessment (2005) also de-
tailed how ecosystem health contributes to human well-being
through sustainable ecosystem services and conditions for
human health. The resultant changes or disturbances to biodi-
versity and to ecosystem services are, in turn, affecting the
ecosystem functions in provisioning, regulating, cultural and
supporting dimensions to all life on earth; Diagram 1 shows
the “Direct drivers of change” consequentially imposed
adverse effects on the “Ecosystem Services”.

WHO (2005) listed some examples of health impacts such
as altered or increased infectious disease risk on our human
health, and that is one of the harmful effects of the ecosystem
disturbance due to environmental changes, loss of biodiversity
and ecosystem impairment; Diagram 2 also shows a brief
summary of health synthesis from those interrelationships.

Diagram 1 Ecosystem services
are being affected by direct
drivers of change (Millennium
Ecosystem Assessment 2005 p.
1ii) REGULATING

PROVISIONING

(e.g., climate regulation, water, and disease) 4.

CULTURAL

(e.g., spiritual, aesthetic, recreation,

and education)

SUPPORTING

(e.g., primary production, and soil formation)

Ecosystem services

(e.g., food, water, fiber, and fuel)

Ecological triad: disease triangle with multiple
factors and environmental hazards

The fundamental concepts and principles of ecological sys-
tems that impacted on our eco-environments and conse-
quential effects on human health from the interrelationships
between the epidemiological transition and ecological tran-
sition in its changing patterns to the burdens of disease by
those actual and potential health threats of zoonoses im-
posed by HAEI are being reviewed from the perspectives
of the environment and their implications interconnected
with human health. In fact, environmental impacts are an
important factor in the interaction of agent and host under
this epidemiological or ecological triad. Traditionally, the
concerns of environmental epidemiology included the con-
tamination of air, water and food. Nowadays, the focus is
expanding to include predisposing factors such as climate
change and other large-scale environmental impacts related
to globalization and urbanization, with which also imposed
a significant number of adverse health outcomes from those
anthropogenic activities, for instance, as Barrett et al.
(2015) stated that widespread burning of fossil fuels, com-
bined with the destruction of forests, has already influenced
earth’s temperature, sea level and climate, which is threat-
ening to wreak havoc on an unprecedented scale as the
major determinant as of Omran’s “Age of Degenerative
and Man-Made Diseases”.

It is also recognized that determinants within and bet-
ween different domains and levels interact along complex
and dynamic pathways to “produce” health at the popula-
tion level, and health itself can also be influenced by its
multilevel and multinature determinants (Huynen et al.
2005). The pathways between these determinants and
population health are not unidirectional as other develop-
ments that possibly affect our future health such as envi-
ronmental factors could be an outcome of these multiple
drivers and pressures (Huynen and Martens 2006).
According to Friis (2012), the ecological determinants
emphasize the interdependent relations amongst system
of environments that can affect human health by those

Direct drivers of change

CHANGES IN LOCAL LAND USE AND COVER
SPECIES INTRODUCTION OR REMOVAL
TECHNOLOGY ADAPTATION AND USE

EXTERNAL INPUTS (e.g., fertilizer use,
pest control, and irrigation)

HARVEST AND RESOURCE CONSUMPTION
CLIMATE CHANGE

NATURAL, PHYSICAL, AND BIOLOGICAL
DRIVERS (e.g., evolution, volcanoes)
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Diagram 2 Ecosystems and
human well-being: health
synthesis (WHO 2005)

LOSS OF SPECIES AND GENETIC RESOURCES

Environmental changes, loss of biodiversity,
and ecosystem impairment

Examples of health impacts

1 Direct health impacts
FLOODS, HEATWAVES, WATER SHORTAGE, LANDSLIDES,
EXPOSURE TO POLLUTANTS

LAND DEGRADATION AND DESERTIFICATION

Escalating
human
pressure

on global
environment

URBANIZATION AND ITS IMPACTS

DAMAGE TO COASTAL REEFS AND ECOSYSTEMS

components of physical, biological and psychosocial en-
vironments, which contained:

» Physical: air, water, soil, housing, climate, geography,
heat, light, noise, debris, radiation, etc.

* Biological: man, viruses, microbial agents, insects, ro-
dents, animals and plants, etc.

* Psychosocial: cultural values, customs, beliefs, habits, at-
titudes, morals, religion, education, lifestyles, community
life, health services, social and political organizations

Besides, the significant part of ecological factors certainly
includes climate change, stratospheric ozone depletion, loss of
biodiversity, changes in hydrological systems and the supplies
of freshwater, land degradation and stresses on food-producing
systems. These large-scale and global environmental hazards
are, in fact, the major ecological determinants with consequen-
tial effects on our human health. The following effects of
changes are some examples interconnected with those causes
by adverse geo-climatic changes and environmental hazards,
with further subsequent adverse outcomes such as:

1. Higher mean of global temperatures that can lead to in-
crease water-borne, food-borne and vector-borne diseases,
e.g. wider distribution of insects, with resultant effects of in-
crease in malaria, dengue, lyme diseases, etc. (Barrett et al.
2015; Mills et al. 2010; Patz et al. 2003; Brown and
DeGaetano 2011)

2. Sea level rise as a special type of climatic disaster that can
cause inundation (Hunt 2002; Reguero et al. 2015)

3. Climate change, drought, desertification and/or flooding
can have subsequent effects on crop failure and other food
productions, as well as food-, vector- and water-borne dis-
eases and human health (Yeh et al. 2015; Yusa et al. 2015;
Brown and DeGaetano 2011)

4. Climate and atmospheric change that leads to stratospheric
ozone layer depletion with increasing UV radiation, which can
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FOREST CLEARANCE AND LAND COVER CHANGE

WETLANDS LOSS AND DAMAGE

2 “Ecosystem-mediated” health impacts
ALTERED INFECTIOUS DISEASE RISK, REDUCED FOOD FIELDS
(MALNUTRITION, STUNTING), DEPLETION OF NATURAL MEDICINES,
MENTAL HEALTH (PERSONAL, COMMUNITY), IMPACTS OF
AESTHETIC/CULTURAL IMPOVERISHMENT

FRESHWATER DEPLETION AND CONTAMINATION

3 Indirect, deferred, and displaced health
impacts
DIVERSE HEALTH CONSEQUENCES OF LIVELIHOOD LOSS, POPULATION
DISPLACEMENT (INCLUDING SLUM DWELLING), CONFLICT,
INAPPROPRIATE ADAPTATION AND MITIGATION

impose high risks to human health such as skin cancer and
cataracts (Lucas et al. 2015)

5. Acid emissions affect ocean and freshwater acidification,
which can cause the loss of key aquatic life and damages to
coral reefs that is also one of the inducing factors causing
ecological disturbances (Driscoll et al. 2001)

6. Soil acidification can adversely affect the agricultural and
forest productivity (Driscoll et al. 2001)

7. Air, water and soil pollutions and eco-toxicity by persis-
tent organic pollutants (POPs), etc. (El-Shahawi et al. 2010)

8. Resource depletion both from renewable and nonrenewable
resources such as the nitrogen and phosphorus cycles, as they
are essential nutrients for the survival of all living organisms,
plants and animals, as well as control the ecosystem mass bal-
ance (Vitousek et al. 2010), with examples taken as follows:

(a) The ecological implications of human alterations to
the nitrogen cycle from many human activities have
a significant impact on the nitrogen cycle, such as
burning fossil fuels, application of nitrogen-based fer-
tilizers and other activities which can dramatically
increase the amount of biologically available nitrogen
in an ecosystem, and any large changes in the avail-
ability of nitrogen can lead to severe alterations of the
nitrogen cycle in both aquatic and terrestrial ecosys-
tems (Driscoll et al. 2001; Vitousek et al. 1997)

(b) The phosphorus cycle is the slowest of the biogeo-
chemical cycles, and phosphorus enters the environ-
ment from rocks and from deposits such as fossilized
bone or bird droppings, of which is an essential mineral
nutrient for all plants and animals. Food production
depends on mineral phosphorus supplies that are non-
renewable and are being depleted (Childers et al. 2011)

(c) Global freshwater depletion and contamination are
also one of the greatest environmental threats to our
human health as the World Health Organization has
indicated (WHO 2015b)
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9. The value of the biophysical environment is being affected

due to land degradation by the combinations of multiple
forces, including extreme weather conditions and human-
induced processes or anthropogenic activities (Gibbons et al.
2014; Powers et al. 2011)
10. Stresses on food-producing systems from other risks asso-
ciated with environmental contaminants and pollutants, as
well as the man-made contaminations; misuses of antibiotics;
food fraud and violations in domestic food animal and poultry
welfares in productions; etc.

Global environmental hazards as above-mentioned climate
change, stratospheric ozone depletion, loss of biodiversity,
changes in hydrological systems and the supplies or depletion
of freshwater, land degradation and stresses on food-
producing systems, which are continuously imposing a lot of
ecological risks and diseases on our human health
(McMichael 2012). Specifically, when our populations grow
and global consumption increases, and the nature’s capacity in
the ecological footprint might not able to meet these demands,
and in fact, starvation, hunger, malnutrition or under-nutrition
are still at the world’s top list of health threats, with which the
dual burden of the cost of chronic diseases often coexist
(Davison 2011). Additionally, climate change is one of the
major sources affecting the crop yields and water supplies
under this multitude of reasons with multifactorial causes for
this tragic situation of world-scale hunger and malnutrition.

Those ecological health determinants exist simultaneously in
these causal relationships that impact on human health; biodiver-
sity is the crucial issue of environmental linkage between species
diversity and ecosystem functions that embed the ecosystem
processes, and consequentially any biodiversity change affects
the flow of ecosystem services through many ways that the “eco-
nature” supports our human endeavour. As such, those ecologi-
cal factors are the most significant components in our environ-
ments as the driver of services which provide us with basic
human needs like food, clean air, clean water and clean soils,
and such ecosystem functions could also prevent the spread of
disease through biological control, which are essential concerns
under the ecological determinants of our health. Huynen et al.
(2005) and Brown and DeGaetano (2011) also reckon those
multiple factors induced global environmental changes that
could continually impose profound effects on the provision of
ecosystem goods and services. Luque et al. (2013) reinforced
those ecological effects of environmental change drivers and
their interactions, including habitat loss and fragmentation,
pollution, invasive species and climate change, which further
imposed stress on the ecosystem through the complex environ-
mental responses to global change across an ecological conti-
nuum of the populations, communities and eco-environments.

Moreover, ecological disturbances will continually alter the
pattern of various pests and pathogens in plants, livestock and
humans, and these large-scale environmental changes are likely

to impose food insecurity and water stress along with increasing
range and seasonality of various infectious diseases, especially
vector-borne diseases (McMichael et al. 1998), due to those ag-
gregate environmental impacts of humankind having changed
the world’s great biophysical systems through the loss of biodi-
versity, land degradation, depletion of fisheries, declines in major
freshwater aquifers and the global dispersion of non-
biodegradable chemical pollutants (McMichael et al. 1998 and
Huynen et al. 2005), e.g. persistent organic pollutants (POPs) are
one of the organic compounds with resistance to chemical,
biological and photolytic processes as going through
environmental degradation, and become substances of the
environmental contaminants. Ritter et al. (2002) illustrated there
are two primary routes of contaminants to surface waters,
groundwater, sediments and drinking water as follows:

1. Point-source pollution originates from discrete sources
whose inputs into aquatic systems can often be defined in a
spatially explicit manner. Examples include industrial effluents
(pulp and paper mills, steel plants, food-processing plants),
municipal sewage treatment plants and combined sewage-
storm-water overflows, resource extraction (mining) and land
disposal sites (landfill sites, industrial impoundments).

2. Non-point-source pollution, which originates from poorly
defined diffuse sources that typically occur over broad geo-
graphical scales. Examples include agricultural runoff (pesti-
cides, pathogens and fertilizers), storm-water and urban run-
off, and atmospheric deposition (wet and dry deposition of
persistent organic pollutants such as polychlorinated biphe-
nyls [PCBs] and mercury).

In fact, environmental contaminants can be man-made or nat-
ural substances that are present in such amounts to be potentially
and adversely affecting human or ecosystem health. The routes
of environmental contamination may be chemical, physical and
biological as pointed out by the Canadian Nurses Association
(2005), and Timmis (2010) also stated the levels of ecosystems’
risk depend on the characteristics of the pollutant in the environ-
ment, and human activities consuming resources and producing
waste can also put the ecosystems at risk, for instance, the ratios
of metal concentration to the hazard criteria, in which the metal
concentrations exceed the tolerable or permissible levels in soils,
with which crops being produced are considered unsafe for hu-
man health (Ezeh et al. 2008). It is matter of significant fact that
most contaminants have either been demonstrated to pose signif-
icant risks to human health and/or aquatic ecosystem integrity, or
which are suspected of posing such risks, including nutrients,
metals, pesticides, POPs, chlorination by-products and pharma-
ceuticals (Ritter et al. 2002).

Other ecological factor of determinants is unethical and/or
unregulated use of antimicrobial agents that have lead to the
development and spread of antimicrobial resistance (AMR),
which has indeed become a global public health problem by
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the misuse of antimicrobial agents in both humans and
animals. Kim (2014) revealed that food is a vehicle of
antimicrobial-resistant bacteria and/or genes to human in
many ways due to its ability to acquire and harbour resistance
gene, which potentially increase overall risk to human health
from food-borne antimicrobial-resistant microorganisms that
associated with food-borne illnesses.

Heuer et al. (2009) signified that the misuse of antimicro-
bial agents in aquaculture presents a risk to public health be-
cause of the development of acquired antimicrobial resistance
in fish pathogens and other aquatic bacteria and such drug-
resistant bacteria can act as reservoirs of resistance genes,
from which genes can disseminate to human pathogens such
as the spread of resistance genes from Aeromonas species to
Escherichia coli. Kim (2014) reinforced, yet again, that anti-
microbial resistance is a major global public health concern, as
when pathogens become resistant to antimicrobial agents,
they can pose a greater health risk resulting in potential treat-
ment failure, loss of treatment options and increased likeli-
hood and severity of disease.

The magnitudes and blueprint of ecological transition, epi-
demiological transition and health transition have indicated the
changes in patterns of illness within a human population with
those supporting evidences elucidating how human health is
affected or impeded within ecology of food and related envi-
ronments on human health. Some of such correlated effects
have significant impacts on our quality of life, our health and
the sustainability of our planet, especially with increasing pop-
ulation, urbanization and industrialization around the world
place that exerted enormous stress on our ecosystems, in addi-
tion to the harmful effects further imposed by human activities
on the biophysical environment through more new chemicals
and industrial processes being rapidly developed that can po-
tentially impose further unforeseen risks to both human health
and the ecosystems, which even worsening the current situa-
tions (Canadian Nurses Association 2005). Those multiple fac-
tors are interconnected and interlinked amongst the drivers and
can create an impact through the disease triangle to affect our
health. In fact, these cumulative impacts may lead to dramatic
ecological changes that also affect the vitality of these ecosys-
tems and its related drivers for the natural functioning of eco-
system services and such subsequent disturbances to the direct
drivers of the eco-environments, including the life cycles of
pathogens, and which can also induce much more health
threats of zoonoses through interactions of HAEI.

Health threats imposed
by human-animal-ecosystems interface: zoonoses
Pathogens have their abilities to evolve and have perfected

their life cycles in an environment that is more and more
favourable to them by replicating and moving from a diseased
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host to a susceptible new host (FAO/OIE/WHO 2012).
Younes (2012) estimated 60 % of known infectious human
diseases have their source in animals and are caused by all
types of pathogenic agents—including bacteria, parasites, fun-
gi and viruses; zoonotic pathogens of those organisms from a
nonhuman animal source in fact represent three quarters of
emerging infectious diseases in humans as indicated by the
World Health Organization, and those zoonoses still represent
significant public health risks posed by endemic, epidemic
and potential pandemic events, as over two hundred HAEI
and zoonotic diseases have been described (WHO 2014a).
Scientists widely recognize the inherent link between human
and animal health in this respect of HAEI. Because of the
inherent unpredictability of influenza viruses, the associated
risks to both animal and human health are still unknowable at
certain extent, and therefore a public health risk is assumed to
exist whenever influenza viruses are circulating in certain an-
imal populations, especially those in direct contact with
humans, as well as those antimicrobial resistance pathogens
and antibiotic-resistant bacteria. There are numerous exam-
ples of emerging health threats of zoonoses through:

—  Water-borne diseases that are transmitted through drink-
ing water, e.g. hepatitis A virus, Salmonella, cholera,
amoebic dysentery, Shigella, polio virus,
Cryptosporidium and Giardia.

—  Food-borne diseases are those transmitted through food,
e.g. bacteria Salmonella, serotype enteritidis, E. coli, bo-
vine spongiform encephalopathy and variant Creutzfeldt-
Jacab disease/mad cow disease. In fact, food- and feed-
borne diseases are one of major factors for our public
health concern (Kneifel 2014).

—  Vector-borne diseases are those transmitted by insects or
other arthropods, e.g. West Nile fever, tick-borne enceph-
alitis, malaria, dengue fever and plague.

— Air-borne diseases such as Middle East respiratory syn-
drome corona-virus (MERS-CoV) and avian influenza
HS5N1 and H7N9, and pandemic A(HIN1) 2009 influenza.

— Antimicrobial resistance in pathogens

Huynen and Martens (2006) reminded that outbreaks of
severe acute respiratory syndrome (SARS) and other re-
emerging diseases are a reminder of the sudden disease emer-
gence and the possible threats to our future mankind should be
anticipated and recognized, and they also addressed the next
stage in the health transition could possibly be characterized
by those emerging disease and re-emerging disease outbreak,
for instance like the Ebola outbreak. Muyembe-Tamfum et al.
(2012) indicated that Ebola virus had been absent from 1980
to 1993 and then re-occurred again, for example there were
Ebola outbreak in Kaluamba, with 32 cases and 14 deaths in
2008. But in 2015, the re-emerging Ebola outbreak continues
with numbers keep climbing since from last year and as of in
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March 2015, there are 24,701 cases being affected and 10,194
deaths had been recorded (The Economist 2015).

In light of such momentous fact that the movement of in-
fluenza viruses across animal and human populations is in-
creasingly being recognized, those influenza viruses circulat-
ing in animals have also caused significant social and econom-
ic impacts and posed both pandemic and direct threats to our
human health. Epidemiological transition and health transition
of those emergences of new infectious diseases or the re-
emergence of “old” ones and its costs of human lives are
shown in Fig. 1—the emergence of zoonoses, which eviden-
tially projected major concerns in public health.

Ecological changes are the major predisposing factors of
those arising health threats of zoonoses under the ecological
transition, there are numerous examples of emerging and the
resurgence of various infectious diseases that are linked, in part,
to the ecology of vector habitats, climatic changes, and disrup-
tive patterns of land use, changes to the hydrological environ-
ment, as well as these resultant effects of disturbances of rodent
ecology, in addition to the human-induced disturbances to our
environments and food systems, such as air pollutions, water
pollutions, misuse of antibiotics and growth hormones, over-
fishing, abuse of chemical usages, food fraud and overlook of
food animals and poultry welfares, in fact, all of which have
raised the considerable worries and concerns in public health.

Food and environment on human health

Hippocrates (c. 460-377 BCE), the medical genius of the
“Golden Age” of Greece, with his essay on “Airs, Waters,
and Places”, describes the effects of climate and environment
on medical conditions and especially on the spread of epi-
demics, and that is a prime example defining this field of

Fig. 1 Emergence of zoonoses
(Bean et al. 2013)

West Nile virus
>15,000 deaths in
the United States

Ebola virus
>1,553 deaths

public health (Schneider and Lilienfeld 2008). As in the great
Corpus Hippocraticum, the historical development of public
health with the idea of the environment playing a crucial role
in causing disease was known as “De aere, aquis et locis” by
Hippocrates, in which he had noted the effect of food, of
occupation and especially of climate in causing diseases, and
that is also classed as the earliest concept or treatise on human
ecology in public health (Schneider and Lilienfeld 2008;
Yadavendu 2013). The theory of miasma in the nineteenth
century of the developmental stage in public health has also
accepted that polluted water and lack of proper waste disposal
in the environment can spread communicable diseases
(Tulchinsky and Varavikova 2014).

Besides, many important zoonoses also relate in some way to
animals in the food production chain, and therefore the food
becomes an important vehicle of these zoonotic pathogens with
a variety of examples ranging from mad cow disease (bovine
spongiform encephalopathy) and E. coli outbreaks to intentional
melamine contamination, etc. which are evidentially noted and
specified by Mackenzie et al. (2013). Lake et al. (2012) also
further illustrated any such altered conditions for food production
may result in emerging pathogens into new crop and livestock
species, as well as the altered use of pesticides and veterinary
medicines that also affect the main transfer mechanisms through
which contaminants can move from the environment into food.

Therefore, any extensive use of antimicrobials in all sectors,
for human, agriculture, aquaculture and horticulture, means
these drugs are often also found in the environment, especially
in waterways and soils (Mackenzie et al. 2013). In reality, such
uses of antibiotics in animals have been over the years and also
resulted in a selective pressure for AMR microorganisms,
which are contributing significantly to our human health prob-
lems as people, animals and the environment are directly and
indirectly interconnected (Mackenzie et al. 2013). In this

2002-2003
SARS coronavirus
774 deaths

2012-2013
MERS coronavirus
54 deaths

HIV
>30 million deaths

__ | Hendravirus
Four deaths
NipaI; virus

>250 deaths

.

‘Spanish flu’ ‘Hong Kong flu’ ‘Russian flu’ ‘Avian flu' ‘ ’ ‘Swine flu’
H1N1 influenza H3N2 influenza H1N1 influenza H5N1 influenza H1N1 influenza
~50 million deaths | ~700,000 deaths | ' >371deaths | | >15,000 deaths |
1957-1958 " 1999-2002 ‘Avianfu' |
‘Asian flu' H2N2 influenza HIN2 and H7N7 influenza H7N9 influenza |
~100,000 deaths | One death | 44 deaths |
Nature Reviews | Imnmunology
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context, it means that none of the things that the people put into
the ecosystem simply disappears, but in actual fact, what we do
to this eco-environment, we do to ourselves, because pollutants
reach humans through the food we eat and the water we drink
as well as the air we breathe. Food and environment on our
human health is always a complex issue with many factors
interacting and relating to each other as indicated all the way
through air pollutions, water pollutions, misuse of antibiotics
and growth hormones, over-fishing, abuse of chemical usages,
food fraud and overlook of food animals and poultry welfares,
as well as other determinants of environmental contaminants,
climate changes and food-producing systems, etc.

Many infectious diseases have emerged due to the ecological
threats of HAEI and others have unexpectedly re-appeared due
to anthropogenic activities such as urban crowding, environmen-
tal changes, intensified food production and increased mobility
and trade in the food systems (McMichael and Butler 2006), in
addition to the increasing production of animals for human con-
sumption that is also producing large amounts of animal waste or
biosolids, which contain a range of pathogens, including influ-
enza viruses, to the environment (Graham et al. 2008). For in-
stance, scientists suggest that a virus passed from hogs to humans
may have caused the 1918 “Spanish Influenza” pandemic,
which caused acute illness in 25-30 % of the world’s population
and eventually killed 40 million people worldwide
(Taubenberger 2006). Vandegrift et al. (2010) affirmed that influ-
enza virus transmission in wild and domestic animals and
humans is intimately connected, and anthropogenic change such
as human population growth, land use, climate change, globali-
zation of trade and agricultural intensification is continuously
affecting the ecological and evolutionary determinants of trans-
missibility of such virulence in birds and humans, which can in
turn impose potential for subsequent spread of pandemic, as
evidence suggested viral transmission in domestic poultry, spill-
over to other domestic animals, wild birds and humans.
Furthermore, the high rates of growth, substantial genetic selec-
tion for improved growth and feed conversion on poultry breeds
that resulted in reduced genetic diversity of domestic poultry
would also enhance the potential epidemic transmission and evo-
lution of influenza viruses (Vandegrift et al. 2010).

Meanwhile, the food-producing systems around the world
are changing rapidly, with profound implications for diets and
food consumption outcomes. For instances, the risk of type 2
diabetes is closely linked with the growing problem of obesity,
as the WHO highlighted the worldwide prevalence of obesity
more than doubled between 1980 and 2014, with global esti-
mations of approximately 1.9 billion adults being overweight
in 2014, and 42 million children under the age of five being
overweight or obese in 2013 (WHO 2015c). Johnston et al.
(2014) also pointed out the existing global imbalance with a
“triple burden” of the trends revealed an alarming increase of
such health issues of more than one billion people worldwide
being overweight and obese, whereas 868 million people are
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suffering from hunger, and another two billion are suffering
from micronutrient deficiencies globally.

Furthermore, there is increasing evidence of climate change
posing unprecedented threats to affect human health in several
ways by impacts on food and water security, heat waves and
droughts, violent storms, infectious disease and the altered distri-
bution of allergens, plus dramatic increase of greenhouse gas
emissions from anthropogenic activities and the rising sea levels
(Barrett et al. 2015; Franchini and Mannucci 2015; Yeh et al.
2015; Yusa, et al. 2015). Those climate changes subsequently
imposed adverse effects significantly affecting ecosystem health,
water supplies and food production (Yeh, et al. 2015; Brown and
DeGaetano 2011). For instance, as according to Weller et al.
(2015), the global rice agriculture will also be increasingly chal-
lenged by water scarcity. Other food production problems are the
increasing concentrations of atmospheric carbon dioxide (CO,)
and/or hazards of heavy metals in agricultural systems that could
lower the content of zinc and other nutrients in important food
crops, and in effect, zinc deficiency is currently responsible for
large burdens of disease globally, and the populations who are at
the highest risk of zinc deficiency (Myers et al. 2015; Savic et al.
2015). The dietary deficiencies of zinc and iron are a substantial
global public health problem, with an estimated two billion peo-
ple suffering from these deficiencies, causing a loss of 63 million
life-years annually, due to crops grown under field conditions at
the elevated atmospheric CO, concentration (Myers et al. 2014).
Moreover, environmental contaminants such as heavy metals can
also endanger and decrease the ecological value of surrounding
water and agricultural land resources by exposing food produc-
tion to potential contaminants with complex pollution sources
(Savic et al. 2015).

Apparently, today’s food system is on an unsustainable
course with problem beginning with and is driven by indus-
trialized production of both crops and animals, due to reliance
on the intensive use of nonrenewable and hard-to-renew re-
sources—soil, antibiotics, fresh water and fossil fuels on one
end and produced excess wastes and pollutions on the other
(Wallinga 2009), plus further constraints with the confluence
of population, economic development and environmental
pressures resulting from increased globalization and industri-
alization that also pose an increasingly resource-constrained
world (Johnston et al. 2014). For those reasons, eco-friendly
food products and sustainable diets should be an integral part
of the concept under the ecological public health model.
Tulchinsky and Varavikova (2014) also recognized that health
and disease are on a dynamic continuum that affects everyone,
hence suggested for expanding the concept of public health to
meet the needs of the twenty-first century.

In 2010, the International Scientific Symposium
“Biodiversity and Sustainable Diets: United Against Hunger”
held at FAO, addressed the linkages among agriculture, biodi-
versity, nutrition, food production, food consumption and the
environment, in which the panel reached consensus for the
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definition of sustainable diets as “those diets with low environ-
mental impacts which contribute to food and nutrition security
and to healthy life for present and future generations.
Sustainable diets are protective and respectful of biodiversity
and ecosystems, culturally acceptable, accessible, economically
fair and affordable; nutritionally adequate, safe and healthy;
while optimizing natural and human resources” (Burlingame
et al. 2010 p. 7). IOM (2014) also projected a series of major
workshops with themes on “Sustainable Diets: Food for Healthy
People and a Healthy Planet”, which also described how differ-
ent diets have different environmental impacts with respect to
greenhouse gas emissions and the use and contamination of air,
water and other natural resources. The concept of sustainable
diets offers an opportunity for the commitments to sustainable
development to the need for improving the quality and environ-
mental sustainability of our food system, especially given the
alarming pace of biodiversity loss and ecosystem degradation
(Johnston et al. 2014). For instance, the Mediterranean diet has
become the object of increasing studies on its environmental
sustainability, because of its mainly plant-based dietary pattern
and its lower greenhouse gas emissions and lower water foot-
prints, energy resources and the overall impact on the ecosystem
(Dernini and Berry 2015). In fact, this is also in line with our
One World concept under Ecological Public Health Model as
illustrated in this paper, for sustaining our environment and the
planet earth for all beings, as also echoing to Confucian’s theory
for the environmental ethics of ecological harmony. In fact, lack
of ecological health literacy and eco-environmental ethics in
practices is one of the most important factors leading to the
present devastations and worries.

Confucian’s environmental ethics

Humankind is to co-exist with the planet earth, and therefore
more holistic relationship with the earth is utmost essential, as
Kibert et al. (2012) reinforced the necessity to realize the fun-
damental ethical value is to take into account natural capital
and manage natural resources in a sustainable way. As the
industrial civilization develops quickly in the modern times,
more and more ecological and social problems are emerging.
While lots of the scholars pay more and more attention to
Confucianism again, Zhou (2008) claimed that human can find
much resourceful and valuable wisdom in Confucianism
thoughts in the hope that Confucianism can benefit to the eco-
logical civilization, with the theory of “the unity of nature and
man” stressing on harmonious development of man and
nature, which is not merely a humanist thinking principle but
also the actualization of such principle in the activities of
treating nature kindly and preserving natural environment.

In fact, this ecological approach has rooted with historical
heterogeneity and the pertaining key is the natural ecosystem
with concepts of taking care of the natural world; otherwise, it

can cause a breakdown of these systems and come back to haunt
us in ways we know little about. A critical example is a
developing model of infectious disease that shows most
epidemics, as mentioned in previous sections regarding health
threats under the impacts of the ecological triad. Susser and
Susser (1996) stated that eco-epidemiology is a perspective that
balances traditional biomedical concepts of risk with the broader
social and environmental context and community ownership
principles; in this way, eco-epidemiology rests on an understand-
ing of a universe in which “nothing exists as a thing by itself, but
only has existence in relation to everything else”. Such as forest
filter the water we drink, and birds and bees pollinate crops, both
of which have substantial economic as well as biological value.

Accepting the values of harmony with nature is the only way
to deepen our “ecological wisdom” of how nature works, and
attaining our “self-realization” of every species is fundamentally
biocentric or ecocentric and they have equal rights to live and
flourish (Adler 2014). The promotion of ecological health litera-
cy is utmost important for embracing the morality as an integral
part of our inherent human nature for the realization of ethical
value in the environmental ethics. And therefore, understanding
human systems and environments from this natural system in the
contexts of environmental ethics at its core are, in fact, based on
the premise that human beings and the natural world share a
common nature that makes possible the meaningful correspon-
dence of human interests and natural patterns, human creativity
and the natural creative process of change, functioned as the
divination system (Adler 2014).

Ecological public health: paradigm of One Health
and One World concept

Human health needs to go beyond just concern for
biomedical-focused disease model; the impacts of our well-
beings are vitally dependent upon improving the management
of the healthy earth’s ecosystems, humans and animals’
health, and they are undeniably intimately connected and ev-
identially supported reciprocally from those ecological per-
spectives. As the proverb by Rudolph Virchow (1821-1902)
says that “Between animal and human medicine there is no
dividing line — nor should there be”. In 2008, FAO, World
Organisation for Animal Health (OIE), WHO, United Nations
Children’s Fund (UNICEF), the World Bank, and UN System
Influenza Coordination (FAO et al. 2008) have developed a
strategy to address emerging infectious diseases that specifi-
cally focused on the interdependence of human, animal and
ecosystem health, with strategic framework of breaking down
the barriers among agencies, individuals, specialties and
sectors in order to unleash the innovation and expertise
needed to meet the many serious challenges to the health of
people, domestic animals and wildlife as well as to the
integrity of ecosystems. Rayner and Lang (2012) postulated
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a broader conception in the “thinking” focus of the environ-
ment with recognition that human activity was altering nature
and that humans depend on that environment, not least
through food, but also the realization of the impact of climate
change, biodiversity loss and global interconnectedness as the
challenge under an era of ecological threat.

Integrating human, animal and ecosystem health disciplines
will better address today’s dynamic health threats that are being
imposed by the ecological determinants resulting from the inter-
action of agent and host in the epidemiological or ecological
transitional triad through the disease triangle in a web of interre-
lationships. In this regard, a broader understanding of health and
disease requires interdisciplinary and cross-sectoral efforts work-
ing collaboratively to attain optimal health for people, animals
and our environments for ensuring the biological and biophysical
integrity of our planet earth. Consequently, the recognitions of
these relationships amongst humans, domestic animals, wildlife,
ecosystem services and climate, as in the “One health concept”
under “ecosphere and zoosphere” of this one world system, are
therefore being formulated. A better understanding of the links
between biodiversity, health and disease has direct and indirect
implications for public health, as loss of biodiversity, habitat
fragmentation and the loss of natural environments threaten the
full range of life-supporting services provided by ecosystems at
all levels of biodiversity, including species, genetic and ecosys-
tem diversity (Romanelli et al. 2014). The diversity of relevant
criteria defined around the public health interventions will be
placed on in using One Health approach with this One World
concept; FAO/OIE/WHO (2012) built the One Health vision in
support of the collaborative multidisciplinary work for the health
of humans, animals and ecosystems, in order to reduce the risk of
diseases at the interfaces between them. Its critical vision facili-
tate the diffusion and understandings towards collaborative inter-
vention keys with broad vision to encompass other disciplines
that also impact human health from different sectors such as
economics, food security and food safety. Enormous challenges
are imposed on the ecological perspectives on food, including
aquaculture, agriculture and the entire food systems, and hence
scientific and public health interventions are required as exam-
ples taken in the following:

1. Eco-aquaculture is an alternative model linked between
aquaculture, the environment and society that acted as com-
plementary roles of aquaculture in allowing the time for our
eco-environment recovery (Costa-Pierce 2010).

2. Efforts from the regulatory use of antimicrobial agents are
needed in order to prevent development and spread of
antimicrobial resistance in aquaculture and to reduce the risk
to our human health. There has been much debate about the
origins of AMR. Nevertheless, linkages between misuse and
increasing AMR are of our concerns. FAO/OIE/WHO (2012)
indicated that the accelerated emergence of resistance and the
discovery and development of new antimicrobial drugs have
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slowed to the extent that the development of AMR is now
exceeding the availability of new antimicrobial agents, mak-
ing AMR a global threat to our health.

3. Reduction on food waste to minimize the adverse cycle on
the environmental problems by landfills, which cause pollu-
tion and produce methane that is a harsh greenhouse gas emis-
sion with adverse effects to our eco-environments (Kosseva
and Webb 2013). For example, food wastes in Hong Kong
were from less than 400 tonnes per day in 2002 to over
800 tonnes per day in 2012, and the landfill problems with
excess food wastes are the major constituent of the municipal
solid waste; despite the food waste is highly degradable, it can
easily cause odour and hygiene problems that pose risk to our
health as well as an adverse cycle by depleting the limited
landfill space in HK (HKEPD 2015).

4. Promotion of ecological health literacy and environmental
ethics to the public via public health interventions and education
in order to provide the public with knowledge to understand this
emerging concerns is utmost vital in terms of the consequences
of human actions and interactions amongst humans, animals and
wildlife within the natural context of the eco-environments and
its functions to our planet earth’s ecosystems. A matter of edu-
cation to promote the environmental ethics and way of living
with concept of sustainable diets, as well as providing
education and training programmes to create more ecologists as
a potential workforce, should also be the prime focus, as Kosseva
and Webb (2013) supported that these are critical for eco-
innovation for our human capital needs in the delivery of the
eco-innovative solutions to our concern.

The understanding of health-disease process from different
perspectives offers a broad outlook and shows the necessity of
more integrated and collaborated demands from every individ-
uals’ effort and responsibility for creating an ecological harmony
practices and ethical culture of this “one health and one world”
concepts, principles and its applications to the conservation of
biodiversity and sustainability of our eco-environments, which
cannot be separated from the concerns of our human health at all.
These prior and vital definitions of ecological health literacy
further strengthen up our belief and practice to our everyday life
choices that could well be derived from our understandings of
such ecological webs and then form our “sense of place” in
relation to, yet again, our everyday life choices. Reynolds et al.
(2009) suggested that every people should be equipped with this
ecological health literacy, with connections that ripple out over
the globe and to the future generations being actually the foun-
dations of a sustainable society.

Bousfield and Brown (2011) emphasized on the One
Health idea as a paradigm shift in the way we think about
human and animal health in the world, and they further
describe this paradigm shift is a revolution and a
transformation or a metamorphosis with a complex set of
multifactorial circumstances such as population growth,
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changes in nutritional, agricultural and trade practices,
globalization, the shifts in land use, accelerated urbanization,
deforestation, encroachment on wildlife and climate change.
Their insights and visionaries are not about one disease or a
few main listed diseases, but rather concern all human and
animal diseases under all related ecologies, as The American
Veterinary Medical Association (2008) also supported the
concept of One Health should be the collaborative effort of
multiple disciplines in order to attain optimal health for peo-
ple, animals and the environment.

Romanelli et al. (2014) also reinforced the links amongst
ecosystem services, biodiversity and global health are multi-
faceted and complex and are manifested at various spatial and
temporal scales; hence, ecosystem approaches are absolutely
relevant to One Health concept, which embrace the intercon-
nectedness of people (and human development), wildlife and
ecosystems to improve global health outcomes. In America,
Centers for Disease Control and Prevention (2004) have of-
fered guidelines as referred to in the “Manhattan Principles”
to build the bridges to our health in this “Globalized World”,
which summarized the importance of focuses from the per-
spectives of holistic approach for the prevention of an
epidemic/epizootic disease and the maintenance of ecosystem
integrity. Global health is the contemporary public health
movement for the twenty-first century public health and that
should be shifted into an ecological paradigm with ecological
and ethical thinking for the concerns of eco-health in support
of the sustainability of our environments and our planet earth
for all plant, animal and human health.

Conclusion

The impact of these ecosystem changes affect the interdepen-
dent relations in climate and atmospheric change with resul-
tant effects such as ozone depletion; acid emissions; pollution
and ecotoxicity; air, water and soil pollutions; resource deple-
tion; and loss of biodiversity and its ecosystem functions. In
2010, Harvey stated that “Ecology and ecosystem health must
be brought front and centre. Whereas policy-makers easily see
connections between animal and human health, the connec-
tions between ecosystem health and human and animal health
are more subtle but no less important. Articulating these con-
nections and their relationship to environmental conservation,
biodiversity, and economic health, is also a major challenge”
(Harvey 2010 p. 73).

Ecosystem services are the outputs of ecological processes
that contribute to human welfare and those outputs include food
and drinking water, clean air and water, and pollinated crops;
therefore, there is the need to protect the services provided by
natural systems (Munns et al. 2015). Ecosystems affect human
and animal health. Human and animal activity affects ecosys-
tem health. Few would debate the interdependence but the links

often are not considered by policy-makers, members of the
public, and medical and veterinary professionals. As humans
encroach more on natural terrestrial and marine ecosystems, as
the population increases and as the effects of anthropogenic
climate change are realized in the next few decades, the health
of the earth’s ecosystem will impact everyone, in developed
and developing countries alike.

Health threats being imposed by the ecological determinants
resulting from the interaction of an agent and host in the epide-
miological or ecological triad of the disease triangle with the
dilemma drivers of environmental hazards have to be tackled
collaboratively. The impacts of eco-environmental drivers on
the population health are elucidated together with recommen-
dations from the implication of using ecological thinking and
approaches for public health interventions and education to
counter these arising problems under those ecological threats.

Seeing that globalization on human health is interlinked
with all those determinants, and this ecological paradigm has
also been expanded for the role of public health through eco-
logical approaches in forming a supportive framework with
the joint efforts in using effective strategies and interventions
to ensure coherence of action with the networks of expertise
on public health authorities, to further enhance the public’s
understandings of health-disease process from different per-
spectives. As Munns et al. (2015) also indicated and suggested
the adoption of ecosystem services as a type of assessment
endpoint is intended to improve the value of risk assessment
to environmental decision-making, linking ecological risk to
human well-being as well as providing an improved means of
communicating those risks in the field of public health.

Factors indicating the necessary actions as proposed in my
Ecological Public Health Model with One World concept (Li
2014) are as addressed from the historical developmental per-
spectives in this paper, and the transitions lead to the current
public health approaches of eco-health literacy and interven-
tions for enhancing ecological harmony that resonances to
Confucian’s view in “maintaining the oneness of humankind
and nature, the harmony and unity between two” (Li 2003 p.
3) as our “Ethical Concerns to All” under this One Health
vision and One World concept for the sustainability of eco-
environments, animals and human health as a new paradigm
for the challenges under this recommended ecological public
health model.
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