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One Health/Ecohealth Research Gaps

Knowledge (and data) gaps, but also:

•Methodological gaps

•Human and Institutional resource gaps



One Health &Ecohealth and “Integrative 
Research”: A Methodological Gap

OH/EH are integrative research* both aligned with the philosophy that the 
health of animals, humans and the natural environment are 
interdependent – unified, thus “one health” 

They are informed by research and intervention approaches that combine They are informed by research and intervention approaches that combine 
information, theory and concepts from fields including: biomedicine, 
medical and veterinary medical practice, public health, environmental 
science, ecological sciences, etc.

*Integrative refers to projects are either interdisciplinary or transdisciplinary in that new 
knowledge and theory emerges from the integration of disciplinary knowledge. 

Note: one health and ecohealth are ways of conceptually framing health challenges, 
neither is a particular theory that has been, or can be, tested and refined (or potentially 
rejected).



Example:  Lancet One Health Issue 

Understanding the ecology of zoonotic diseases at the human being–
animal interface is a complex challenge. It requires knowledge of 
animal and human medicine, ecology, sociology, microbial ecology, 
and evolution, and the underlying issues that drive increased 
transmission of pathogens in humans, wildlife, and livestock: an idea 
described as a One Health perspective. (Karesh et al 2012)

Excellent statement—but itdoes not describe HOW addressing this 
challenge requires employing integrative research that attempts to 
combine these knowledge areas.

Keys to this challenge: 
• Understanding difference between environment and ecology (and 

environmental sciences and ecological science).
• Use of  ecological (and evolutionary biology)theory as the basis for 

integrative research processes that can be derived from One 
Health/Ecohealth tenets.



Where’s the theory in One Health and Ecohealth?

Tenets?

Concepts?

Theory/principles



•The health of human’s, animals and environment are interdependent….

•The interaction of humans and animals (domestic and wild) together with 
the environment must be studied to understand most infectious diseases –
their origin,  pathogen evolution, transmission dynamics and epidemiology.

Scientifically, One Health may be best described by breaking it down 
into its core beliefs (tenets), and identifying the areas of relevant 
scientific knowledge and their associated concepts and theories.

One Health Tenets

their origin,  pathogen evolution, transmission dynamics and epidemiology.

•Contact between and the spatial or environmental co-location of human 
and animal host species’ populations (e.g., human-wildlife 
populationinterface) is key…

•Human health and well-being depends on animal health and well-being and 
both require healthy ecosystems operationalized (made practical) in terms of 
life support “services” natural ecological processes provide…



Concept & Conceptual Framework

A conceptual framework:

a group of concepts that are broadly defined and systematically 

CONCEPT. 1 : something conceived in the mind. 2 : an abstract or 
generic idea generalized from particular instances.

a group of concepts that are broadly defined and systematically 
organized to provide a focus, 

a rationale, and a tool for the integration and interpretation of 
information. 

Usually expressed abstractly through word models, a conceptual 
framework is the conceptual basis for many theories

medical-dictionary.thefreedictionary.com



One Health Research Policy Conceptual Framework 
(Coker at al. 2011)



Scientific Theory Defined

A scientific theory is a well-substantiated explanation of some aspect of the 
natural world that is acquired through scientific method and repeatedly tested 
and confirmed through observation and experimentation (USA National 
Academia of Sciences 1999)

A  scientific theory must be falsifiable, or refutable, or testable. (Karl Popper 
1963). 

A model is a logical framework intended to represent reality (a ‘model of 
reality’), similar to the way that a map is a graphical model that represents the 
territory of a city or country (Ian Hacking 1983). 

1963). 

Examples in biology include: germ theory, cell theory, modern evolutionary 
synthesis, niche theory, etc

Theories are a specific category of models which fulfill the necessary criteria 
(as above). One can use language to describe a model; however, the theory is 
the model (or a collection of similar models), and not the description of the 
model.



Biomedical Model, Germ Theory

A biomedical model is a surrogate for a human being, or a human biologic system, 
that can be used to understand normal and abnormal function from gene to 
phenotype and to provide a basis for preventive or therapeutic intervention in 
human diseases.
It is a conceptual model of illness that excludes psychological and social factors and 
includes only biologic factors in an attempt to understand a person's medical illness 
or disorder. http://medical-dictionary.thefreedictionary.com

pathogen infection disease

The biomedical model of medicine dates to the mid-19th century and it the predominant 
model used by physicians in diagnosing diseases. It has four core elements: freedom from 
disease, pain, or defect, thus making the normal human condition "healthy.”

http://en.wikipedia.org/wiki/Biomedical_model
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Environmental science is an interdisciplinary 
fieldspanning thenatural, sciences, social sciences and 
the humanities.

Distinguishing Environment and Ecology

Ecologyis a discipline defined as the study of 
interactions among organisms and their environment, 
such as the interactions organisms have with each 
other and with their abiotic environment.

http://en.wikipedia.org



Liver fluke (Opisithorchisviverriniand 
Clonorchissinensis) Infection and Liver Disease in 

Southeast Asia

From Spripa et al 2012



Challenges to Opisithorchisviverrini Control

•Decades of government control efforts have failed to substantially reduce 
infection prevalence in the North and especially Northeast Thailand.

•Control programs has been mostly “top down” and focused on “health 
education” aimed at curtailing “improper” food preparation and “sanitation”.

•Control strategies have been uninformed due to a lack of depth of 
understanding of ecology and social ecology of transmission dynamics. understanding of ecology and social ecology of transmission dynamics. 

O. Viverrini life 
cycle is complex 
and transmission 
dynamics are 
largely unknown



A Holistic View of CCA Risk*

consumption O. viverrini
CCA

Reductionistic View of CCA Risk*

Two Views of Liver fluke infection and CCA Risk

consumption 
of raw fish

O. viverrini
infection

CCA

* A holistic schema of Ov-associated CCA in the diagram 
to the right represents a synthesis of risk factors from an 
extensive literature review of published epidemiological, 
clinical and laboratory research.  

*The biomedical model-based depiction 
of CCA causation, informing clinical 
diagnostic and treatment; historically 
employed by government “health 
education” campaigns.

(Steele et al, In prep).



Biomedical model – most reductionist, clinically/pathology, diagnostic/treatment focused

Public health models (e.g., biopyschosocial model, ecosocial model and salutogenic or 
continuum model) incorporate psychological, social, and culture dimensions of health—
diagnostic/treatment, disease prevention/health promotion. (Tamm 1993).

Evolutionary medical model—microbial infection from an adaptive co-evolutionary 

Health Models Used Determines Research 
Orientation, Perceived Risk & Intervention Strategy

Evolutionary medical model—microbial infection from an adaptive co-evolutionary 
perspective (Stearns and Koella 2007).  As found in nature, microbial infections vary from 
being pathogenic to beneficial, as in the case of helminthes role in modulating a host’s 
immune system. 

Lay health models—“health model” of Isan-Lao villagers, the intended beneficiaries of 
most liver fluke education campaigns in Northeast Thailand, is distinctly different from the 
Western biomedical model.  Reconciling these two views should provide the basis of more 
equitable and effective interventions (Samiphak 2014).

Tamm, M. E. 1993. Models of health and disease.  Br J Med Psychol. 66:213-38
Stearns, S.C. and J. C. Koella. 2007. Evolution in Health and Disease (2ed). Oxford University Press.
Samiphak, S. 2014. Liver Fluke Infection and Fish Consumption in KhonKaen, Thailand: A Case Study on Negotiating the Middle Ground 
between Western Science and Eastern Culture. Ph.D. Thesis, University of California, Berkeley. 



…. humans, animals, plants, and microbes are cohabitants of 
the planet…

…instabilities within this context of cohabitation…arise from 
ecological and evolutionary [processes]...

…instabilities arise from the ways we alter the physical and 
biological environment…

Joshua Lederberg on rethinking microbes and man

…and our interactions (including hygienic and therapeutic 
interventions) with the parasites. 
J. Lederberg. 2003. Infectious History. http://www.sciencemag.org/cgi/content/full/288/5464/287 (9 of 18) 
[9/2/2003 3:43:11 PM] Science -- Lederberg 288 (5464): 287

Ending the War Metaphor: …strategies 
and tactics for countering pathogens 
will be uncovered. But our most 
sophisticated leap would be to drop the 
manichaean view of microbes  -- “We 
good; they evil.” Lederberg 2003

Prof. Joshua Lederberg 
(1922-2006), was a 
microbial geneticist who 
won the Nobel for 
Physiology or Medicine 
(1958) for discovering how 
bacteria exchange genetic 
material.



The last century was one of triumphs and failures [in disease control]. The triumphs came 
mostly in the first 70 years of the 20th century…

…from understanding the ecology of certain diseases through field and laboratory research 
and then using that knowledge to develop and implement prevention and control programs 
aimed at breaking the transmission cycles at their weakest points. 

…The failures occurred when we became complacent after successes were achieved and relied 
too much on the ‘‘quick fix’’ or the ‘‘magic bullet’’ approach to disease control.*

Duane Gubler on Ecological Understanding

Duane J. Gubler

If there was one aspect of the [top down] Soper approach to Ae. aegypti
control that failed, it was the lack of sustainability. It did not place the 
ultimate responsibility for urban mosquito control where it belongs: with 
the citizens of the community. 

The community-based "bottom up" approach to mosquito control [is] the 
most cost-effective over the long-term… [allows them to be responsible] 
for their own health destiny, [insures] mosquito control programs will 
have a lasting impact.** 

*Duane J. Gubler. 1998. Prevention and Control of tropical diseases in the 21st Century: Back to the field. Presidential Address, The American Society of 
Tropical Medicine and Hygiene
**Duane J. Gubler.  1989. AedesAegyptiand AedesAegypti-borne Disease Control in the 1990s: Top Down or Bottom Up49th Franklin Craig Lecture delivered 
before the American Society of Tropical Medicine & Hygiene, Washington, DC 12/7/88 Publication date: 01/01/1989



A new branch of study under the name Oecologie, 
“derWissenshaft von derOeconomie, 
derorganismenzueinander.” 

… “the science of the relations of living organisms to 
the environment, their habitat, customs, energies, 
parasites, etc.”*

HaeckelSuggestsEcology (1866) 

Ernst Haeckel (German 
Biologist, 1834-1919).

*English elaboration from Haeckel’s writings

Laboratory “Field”



Functional Units of Study in Biology: 
Cell and Ecosystem*

The ecosystem concept is central to ecology. It is now used frequently to 
describe any system.

Cell: the basic functional 
unit of an organism in 
biology

Ecosystem: the basic functional 
unit of a landscape or biosphere 
in biology

*Any unit that includes all of the organisms (I.e., the "community") in a given area interacting with the 
physical environment so that a flow of energy leads to clearly defined trophic structure, biotic diversity, 
and material cycles (ie: exchange of materials between living and nonliving parts) within the system is an 
ecosystem. Eugene Odum



Fundamentals of Ecology:  Levels of Organization in 
Biosystems as the Central Concept in Ecology (Hierarchy)

Eugene Odum (American 
ecologist, 1913-2002).

"Biological diversity is the 
variety of life forms...at all 
levels of biological systems 
(i.e., molecular, organismic, 
population, species and 
ecosystem)...".*

*Bruce A. Wilcox. 1984. In situ conservation of genetic resources: 
determinants of minimum area requirements. In National Parks, Conservation 
and Development, Proceedings of the World Congress on National Parks,, J.A. 
McNeely and K.R. Miller, Smithsonian Institution Press, pp. 18–30.

ecologist, 1913-2002).
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It is self-evident that science should not only be 
reductionist …but also synthetic and holistic in the 
sense of seeking to understand large components as 
functional wholes. 

A human being, for example, is not only a hierarchal 
system composed of organs, cells, enzyme systems, 

Ecology as an Integrative Science

system composed of organs, cells, enzyme systems, 
and genes as subsystems, but is also a component of 
supraindividual hierarchal systems such as 
populations, cultural systems, and ecosystems.

Science and technology during the past half century 
have been so preoccupied with reductionism .. We 
are abysmally ignorant of the ecosystems of which 
we are dependent- parts. 

Eugene P. Odum. 1977. The Emergence of Ecology as a New Integrative Discipline. Science 
195:1289-93



•More than 75% of emerging infectious diseases are zoonotic, that is, they 
spread from animals to humans from natural host-pathogen cycles in 
nature.

•The emergence process involves a multitude of social and ecological 
factors, forces, and mechanisms operating at the level of microbial genetic 
adaptation to land use transformation and regional environmental change 

SecondCentral Concept: Integrating 
Ecology and Environmental Change:

Human Ecosystems                 Agroecosystems             Natural Ecosystems

adaptation to land use transformation and regional environmental change 
– not to mention globalization.

(from Ellis and Wilcox 2009)

Host-vector ecological & evolutionary cross-landscape transition



Role of Ecology in Understanding  Emergence (re-
emergence) of Dengue (and other arboviruses)

B. A. Wilcox, D.J. Gubler, and H. Pizer. 2008. Urbanization and the social ecology of emerging infectious 
diseases. In K. Mayer and H. Pizer (Eds.), The Social Ecology of Infectious Diseases, Elsevier.  Pp.115-137.



Interplay between Urban, Agricultural and 
Natural Ecosystems and Landscapes

Interplay exists between urban, agricultural and 
natural landscape largely explains disease 
emergence, especially:

•Intensification of human and biological activity 
(mainly driven by human activity)

•Mixing of living systems and biological agents

•Transport of biological agents



Vector abundance

DF= Dengue Fever, CHIK = Chikungunya, YF = Yellow Fever
(Thongsripong& Wilcox unpublished) 27
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Ecological Conceptual Framework for 
Emerging Infectious Diseases

Dr. Duane Gubler is professor 
and Program Director for 
Emerging Infectious Diseases 
at the Duke-NUS Graduate 
Medical School, Singapore

Public Health. 11th Director of the 
United States National Science 
Foundation
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Emerging Infectious Disease Research “Blue Print”

Wilcox and Colwell 2005



Coupled Natural-Human Systems and Emerging 
Infectious Diseases: Anthropogenic environmental 

change and avian influenza in Vietnam

“…a conceptual framework for examining the Wilcox-Gubler-Colwell hypothesis 
in the context of … risks, and perceptions of risk, associated with highly 
pathogenic avian influenza (HPAI) caused by the H5N1 virus…pathogenic avian influenza (HPAI) caused by the H5N1 virus…

…poultry deaths, can be associated with anthropogenic environmental changes 
produced by urbanization, agricultural change, and natural habitat alterations

…suggesting these risks are not an accident of time and place, but rather are the 
prod-uct of the modernization and urbanization transitions. 

M. L. Finucane, J. Fox, S. Saksena and J. H. Spencer. 2014.  A Conceptual Framework for Analyzing 
Social-Ecological Models of Emerging Infectious Diseases.InM. J. Manfredo, J. J. Vaske, A. 
Rechkemmer and E. A. Duke, Understanding Society and Natural Resources: Forging New Strands 
of Integration Across Social Sciences. Springer



Ecological Mixing at Host Population, 
Community and Landscape Levels

“Surrogate measures, flock size and land use diversity of communes, 
significantly improve predictive power” – Saksena et al, in preparation



Highly Pathogenic Avian Influenza (H5N1) 
and the Missing Ecological Links 



H5N1 

Evolution of Ecoregional-specific H5N1 variation 

H5N1 
Clade 2

H5N1 
Clade 1

•Ecoregions are  
characterized 
as“distinctassemblage of 
species, natural communities, 
and environmental 
conditions".
•Emergence of Clade 1 and 2 
reflects the integration of 
biotic and abiotic factors 
across all levels of 
organization.



Conclusion: Ecology Matters

Understanding the ecology and evolution of pathogen/parasite 
transmission dynamics—including molecular and cellular processes of 
pathogenesis, virulence, immunogenesis—and in particular in relation 
to hosts (and vectors) at multiple levels of biological organization:

•ecosystem•ecosystem
•landscape
•community
•Population
•and interactions between these levels of the biological 
heirarchy

Social ecology– the organization, structure and behavior of human 
from the level of the individual, family, neighborhood, 
village/commune, etc—also is key.
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