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The need for multidisciplinary research to address today's complex health and environmental challenges has
never been greater. The One Health (OH) approach to research ensures that human, animal, and environmental
health questions are evaluated in an integrated and holistic manner to provide a more comprehensive under-
standing of the problem and potential solutions than would be possible with siloed approaches. However, the
OH approach is complex, and there is limited guidance available for investigators regarding the practical design
and implementation of OH research. In this paperwe provide a framework to guide researchers through concep-
tualizing and planning an OH study. We discuss key steps in designing an OH study, including conceptualization
of hypotheses and study aims, identification of collaborators for a multi-disciplinary research team, study design
options, data sources and collection methods, and analytical methods. We illustrate these concepts through the
presentation of a case study of health impacts associated with land application of biosolids. Finally, we discuss
opportunities for applying an OH approach to identify solutions to current global health issues, and the need
for cross-disciplinary funding sources to foster an OH approach to research.

© 2017 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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1. Introduction

The need for multidisciplinary research to solve today's complex
health and environmental challenges has never been greater. The One
Health (OH) approach to research addresses questions at the intersec-
tions of human, animal, and environmental health by utilizing the ex-
pert knowledge of researchers, including public health practitioners
and clinicians, frommultiple disciplines and at local, national, and global
levels.While the need formultidisciplinary research is not new, the con-
cept of OHhas gainedmomentumas researchers fromhumanmedicine,
public health, veterinary medicine, urban planning, and environmental
science increasingly focus on holistic, integrated approaches to complex
questions that address human health in conjunction with animal and
environmental health [1].

The OH approach to research provides an opportunity for enhanced
understanding of a range of health impacts and solutions. By looking at
multiple dimensions of the problem through the lens of environmental,
animal, and human health, researchersmay discover influencing factors
that they would not have otherwise seen, which can facilitate more in-
formed intervention design. In 2015, the World Health Organization
designated 11 diseases as high risk for severe outbreak, ten of which
have a zoonotic reservoir or transmission vector [2]. An OH approach
to studying these diseases may be able to providemore complete infor-
mation about opportunities for outbreak prevention than a traditional
one-dimensional approach. For example, a Lassa fever prevention inter-
ventionwhich targets the environmental (e.g. improved household san-
itation) and animal (e.g. rodent removal) domains may show promise,
but omission of the human domain (e.g. education of nurses on disposal
of contaminated material in hospitals) may result in a missed opportu-
nity to achieve optimum results. At worst, siloed approaches may lead
to unforeseen detrimental effects. In the Lassa fever example, removal
of rodent populations may result in increased malnutrition among
humans if rodents were a significant direct or indirect (i.e. prey for larg-
er food source animals) source of protein for families living in affected
communities. The ultimate goal of OH research is to identify opportuni-
ties for health improvement and optimize riskmitigation simultaneous-
ly across all three domains [3].

Though many publications describe the benefits and individual ap-
plications of an OH approach [1,4–7], additional guidance for
operationalizing the OH approach during the early phase of study de-
sign is needed. We address this need by providing a framework for
the OH approach to conducting research, with a focus on conceptualiza-
tion and planning.We illustrate this frameworkwith a case study of the
health impacts associated with land application of biosolids.

2. Framework

2.1. Conceptualization phase

To successfully develop a research project using an OH approach, in-
vestigators must consider incorporating elements from human, animal,
and environmental health and the multiple intersections between each
of these (Fig. 1).

2.1.1. Hypothesis and study aims
First, researchers must determine the precise questions they aim to

answer and what relationships are known or theoretically exist be-
tween various exposure sources and outcomes. In this phase, it may
be helpful to draw upon the expertise of research collaborators and
relevant literature to inform the development of a diagram or chart of
these relationships. For example, a Directed Acyclic Graph could be
used to visualize exposure-outcome pathways and identify important
covariables and confounders [8]. Or, a logicmodel or similarmulti-path-
way visualization matrix may also be helpful for deciding where in the
pathway to intervene and for brainstorming the potential impacts of
the intervention on animal, human, and environmental health. For ex-
ample, a graphing exercise may help the research team anticipate
downstream factors of a vector control program that should be mea-
sured to both determine the program's effectiveness (e.g. reduced num-
ber of vector-borne illnesses) and to evaluate any adverse outcomes
associated with the intervention (e.g. impact of mosquito fumigation
on local flora and fauna or human respiratory illness associatedwith ex-
posure to fumigation). Hypotheses and study aims can be based on the
findings of this graphing process.

2.1.2. Collaborators and stakeholders
Building a multi-disciplinary team is crucial to the development of

research projects which aim to use an OH approach. Researchers may
look inside their own institutions or externally for relevant expertise.
In the team-building phase, it is important to present the research ques-
tion to a wide and varied audience to uncover perspectives far outside
one's own field that may be unexpectedly relevant to the question at
hand. Given the diversity of topics covered in the OH approach, study
teams may benefit from involvement of, for example, epidemiologists,
veterinarians, ecologists, urban planners, structural and environmental
engineers, geologists, hydrologists, climatologists, geospatial scientists,
botanists, parasitologists, and microbiologists, among others. Early in-
volvement of specialists from each domain will encourage broader
thinking in the planning process andwill facilitate the aggregation of re-
sources available in each domain, such as funding, staff, and data. Re-
searchers may also consider involvement of community members
who have on-the-ground experience with the issue in question, such
as farmers, fisherman, park rangers, scuba divers, wildfire firefighters,
plant workers, and community members who live near potential expo-
sure sites. Involvement of community members is likely to enhance the
research team's ability to collect new data and to understand the con-
text of the data.

2.2. Planning phase

Having considered which topics from each domain to include in a
study using an OH approach, the next steps are to determine the appro-
priate study design, and identify data sources, analytical methods, and
data components required to adequately evaluate the research
question(s).

2.2.1. Study design
Determining the study design informs the selection of data collec-

tion and data analysis methods. The OH approach may draw from a
range of study designs which are utilized inmultiple disciplines, includ-
ing, for example, prospective and retrospective cohort, case-control, ge-
nome-wide association, randomized control trial, case series, natural
experiments, twin studies, risk assessment or risk analyses, experimen-
tal studies, and ecological studies. Due to the complexity of the OH re-
search approach, the overall study design may be a combination of
these. For example, a retrospective ecological evaluation of arboviral
disease incidence in relation to deforestation patterns could be com-
bined with a prospective natural experiment to assess changes in



Fig. 1. Conceptualization of a One Health research project.
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arboviral disease trends in reforested areas compared to thosewith con-
tinued deforestation. The integrated nature of the OH approach to re-
search also lends itself to mixed data collection methodologies,
including qualitative and quantitative human data, environmental sam-
ples, and animal behavior observational records. For example, a study of
the impacts of groundwater contamination may combine serial read-
ings from groundwater monitoring wells, geospatial modeling of con-
taminant plumes, evaluation of toxin concentration levels in fish,
interviewswith residents about perceived drinkingwater quality, aerial
satellite imagery, and longitudinal surveys of residents or health regis-
try data to evaluate health impacts associated with groundwater
contamination.

In conjunction with the study design and planning, OH researchers
should conduct (at least) preliminary power and sample size computa-
tions to address primary or most fundamental research questions.
While some OH studies may be exploratory in nature, even a prelimi-
nary power and sample size computation may suggest modification or
enhancements to the study design, including: 1) increase the breadth
of sampling due to insufficient power to address the most important
questions; 2) enhance outcome data collection to include more
quantitative measures (rather than qualitative) to increase power;
and 3) modify study design (e.g., augment design with follow up of
same individuals) to enhance ability to address key questions and in-
crease statistical power. Power computation at an early phase may
help avert decisionswhichwould otherwise result in collection of insuf-
ficient data to adequately address themost important questions. Power
may also be computed mid-study (interim power) to incorporate
existing data and trends, and to ensure that the existing data collection
plan is sufficient to address the OH questions in light of interim trends.

2.2.2. Data sources
Data may come from existing databases, such as those managed by

regulatory agencies (e.g. Environmental Protection Agency and United
States Department of Agriculture databases) and human and animal
health organizations (e.g.WHO's Global Health Observatory data repos-
itory [9] and the World Animal Health Information Database [10]), or
from new data collection efforts (e.g. soil and water sample collection,
health questionnaires), or a combination of these. Geo-coded data,
such as the Gridded Livestock of the World database from the Food
and Agriculture Organization of the United Nations [11], provide com-
plementary information to augment analyses. Data collected at frequent
intervals (e.g. hourly or daily) and/or in small, specific environments
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(e.g. household or watershed) are useful for evaluating local and time-
sensitive interactions between animal, human, and environmental fac-
tors, while broader datasets (e.g. annual or national) may be used for
evaluating health trends associated with more broad-reaching changes
in, for example, national policies (e.g. emissions requirements), multi-
national corporate strategies (e.g. a decision to cut energy use), or cli-
mate patterns. It is important to review and assess the costs andbenefits
of incorporating various data sources before beginning to develop an
OH study design.

2.2.3. Analytical methods
Because data sources used in an OH research approach are likely to

be collected and obtained throughmultiple sources andmixedmethod-
ologies, researchersmay need to choose analyticalmethods that accom-
modate complex data structures and relationships in order to
adequately interpret study data. Depending on the research question
and the data sources available, a variety of analytical methods and
models are useful for the One Health research. We describe two exam-
ples here, log-linear models and principal component analysis, but
other methods may be more appropriate, such as structural equation
modeling, multi-level modeling, andmultivariate regression depending
on the data context [12], as well as dose-response curves and the deri-
vation of lethal dose (LD) or lethal concentration (LC) values used in
health and ecological risk assessments.

2.2.4. Log-linear models
Log-linear models can be used to go beyond the familiar indepen-

dent-dependent variable relationship to examine three or more vari-
ables and their inter-dependencies [13]. Additionally, log-linear
models permit more than one outcome which can be especially useful
for the complex questions addressed through the OH approach. Using
Zika virus research as an example, environmental (e.g. rainfall, sanita-
tion standards), animal (type ofmosquito species present in the region),
and human (e.g. household hygiene practices, immunological condi-
tions) factors may all impinge upon the prevalence of viral infection,
and log-linearmodels may be useful in parsing out the inter-dependen-
cies among these three sets of factors.

2.2.5. Principal component analysis
Using dozens (or even hundreds) of outcome variables (ormany ex-

planatory variables) is sometimes intractable, and amore parsimonious
method is desired. Principal component (PC) analysis allows re-
searchers to take advantage of correlations that exist among the vari-
ables through the construction of linear combinations of variables. In
this way, many variables that are potentially correlated (e.g., poverty,
household sanitation, household structure, access to insecticide), may
be condensed into a single variable representing “generalized house-
hold risk”. As a result, parsimony is more readily achieved [12].
Fig. 2. Schematic of study design for case study (applicat
3. Case study

To help illustrate the conceptualization and planning processes of a
One Health research study, we present a project completed by re-
searchers from the Research Triangle Institute (RTI) International in
2003 for theUS EPA [14]. Themulti-media,multi-pathway,multi-recep-
tor methodology that was applied reflects a One Health approach to
evaluate the potential human, environmental, and animal health im-
pacts associated with the beneficial application of biosolids (i.e. treated
sewage sludge) as an agricultural soil amendment under two farming
scenarios: one for the production of crops and the other for pasturing
dairy and beef cattle.

3.1. Conceptualization phase

3.1.1. Hypotheses and aims
Drawing upon cross-disciplinary expertise from EPA, EPA stake-

holders, and within RTI, the research team developed a complex
multi-domain multi-pathway conceptual framework (Fig. 2) to visual-
ize how pollutants in biosolids can be released in the environment
and transported through various ecological compartments (e.g. water,
fish, livestock) to human and ecological receptors via contact with or
consumption of polluted media.

Using the conceptual model, the research team developed the fol-
lowing aims:

• Simulate the potential release of pollutants to the environment from
farm field application.

• Estimate pollutant concentrations in ambient air, drinking water, soil,
produce, beef, dairy, and fish.

• Estimate pathway-specific exposure levels for farm animals, wildlife,
and humans exposed to pollutants in ambient air, groundwater, sur-
face water, soil, produce, beef, dairy, and fish.

• Estimate cancer and non-cancer (e.g. neurological and reproductive)
risks to humans and hazards to ecological receptors associated with
potential exposures.

3.1.2. Collaborators and stakeholders
The multi-disciplinary team consisted of engineers, geologists,

hydrogeologists, statisticians, risk assessors, environmental scientists,
and soil scientists working closely with the EPA. Input from agricultural
experts was obtained throughout the assessment process to ensure that
the predictive modeling parameters accurately reflected the relation-
ships between release mechanisms, media, and receptors. As a final
step, the assessment was subjected to EPA review. In response to
these reviews and comments, the assessmentwasmodified to refine as-
sumptions and to consider any newly identified data.
ion of biosolids as an agricultural soil amendment).
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3.2. Planning phase

3.2.1. Study design
The study used a multi-media, multi-pathway, multi-risk modeling

framework to predict potential chemical releases to the environment
and the fate and transport of these releases, and to estimate the poten-
tial health impacts posed to humans and animals through direct contact
(e.g., soil and water) and indirect exposures through the food chain.
Simulationmethodswere selected to evaluate a range of possible expo-
sure and transport scenarios.

3.2.2. Data sources
Simulationswere performed to estimate exposures to humans,wild-

life, and farm animals. Human exposures can occur through the inhala-
tion of contaminated air (i.e., dust, particles, vapors); ingestion of
contaminated groundwater or surface water; inhalation of organic pol-
lutants during showering; incidental ingestion of soil; and ingestion of
contaminated farm products, including produce, meat, milk, and fish
caught in the farm pond. Wildlife and farm animals may be exposed
to pollutants through contact with water, soil, and sediment and
through ingestion of contaminated aquatic and terrestrial species. Sim-
ulation of these exposures and estimation of health impacts require ex-
tensive data collection defining thousands of input parameters.
Parameter data were obtained to define modeling scenarios, including
the following: physical and chemical composition of biosolids; charac-
teristics of agricultural and field practices (e.g. application frequency);
environmental setting and climate characteristics (e.g. dailywindspeed,
precipitation, etc.); behavior of chemical components in terms of fate
and transport; pollutant receptors and rates of uptake; health risks asso-
ciated with varying levels of chemical toxicity, exposure route, and ex-
posure duration. These data were obtained from EPA reports and
databases of the United States Geological Service and the United States
Department of Agriculture databases, among other sources [14].

3.2.3. Analytical methods
Chemical release, fate and transport, exposure, and riskmodelswere

developed to estimate the risks to human, environmental, and animal
health associated with traditional biosolid management practices.
Monte Carlo simulations were performed to estimate distributions of
non-cancer and cancer effects. Results from the analysis were compared
to the human and environmental hazardmanagement thresholds at the
95th percentile of the probability distribution of risk. To enhance model
input processing, GIS technology was used to develop data layers and
overlays, capture environmental variability, and facilitate subsequent
geospatial analyses.

By applying the OH approach to this body of research, investigators
were able to assess risk from individual exposure pathways as well as
total risk from all pathways (i.e. cumulative exposures). This study
was able to determine cumulative ingestion exposure from consump-
tion of pollutants in drinking water, as well as through ingesting ex-
posed fish, crops, and livestock. In addition, risks associated with other
exposure pathways, i.e. via air or contact with soil, could be evaluated
in conjunction with ingestion-related risk to estimate total risk. This
case study illustrates that consideration of connections among environ-
mental, animal and human health facilitates a more comprehensive
health risk assessment which has the ability to reflect cumulative
exposures.

4. Discussion

The OH approach to research is becoming an increasingly valuable
method to frame the ways in which humans, animals, and the environ-
ment interact and to embrace the continuous evolution of these interac-
tions. There is a need for more collaboration and synergism across
sectors to prevent and respond to emerging threats. Because a critical
component of collaborative work takes place in the conceptualization
and planning stage, we have presented guidance and a framework
that promotes integration of expertise and resources across all three
health domains in the early phases of research development.

The case study we present in this paper highlights the value of ap-
plying an OH paradigm to address complex research questions related
to agricultural practices. Scientific expertise across multiple disciplines
informed the development of diagrams describing the pathways
through which the agricultural use of biosolids could impact the health
of the environment, animals, and humans. Using these diagrams, the re-
search team generated hypotheses about the possible contamination
pathways and associations between biosolid use and human and envi-
ronmental riskwhichwere tested using simulationmodels, amethodol-
ogy that transcends disciplines. In our example, model parameters were
obtained from a variety of sources across all three domains of animal,
human, and environmental health. Because the study evaluated
human impact from exposure via contamination of environmental
media, produce, and animal components, the research team was able
to interpret results frommulti-pathwaymodels to assess total potential
hazard to humans. By incorporating information from the animal,
human, and environmental domains into the study design, this research
generated far more information about exposure routes and hazard
levels than would have been observed using a siloed or even two-do-
main (e.g. human-environment) approach.

The framework we present in this paper can also be used to study
emerging health threats and their interrelatedness with climate change
using an OH approach. Table 1 shows examples of environmental, dis-
ease vector/reservoir, and human behavior/susceptibility factors to be
considered when evaluating transmission risk of several diseases con-
sidered by the WHO to be high outbreak risk [2].

As others have noted, the use of an OH approach to emerging infec-
tious disease research, which accounts for social and ecological contrib-
uting factors, may yield more nuanced results and inform more
comprehensive prevention and control measures than traditional epi-
demiological approaches [7,24,25]. In a rapidly industrializing world,
vector-borne disease prevention and control cannot be addressed with-
out consideration of the impact of natural and man-made environmen-
tal changes on patterns of disease vector proliferation. The field of
climate change research represents an excellent opportunity for re-
searchers to work across disciplines to integrate diverse data sources,
develop cross-cutting methodologies, and answer questions about the
broader effects of environmental health on human health and animal
welfare. Another emergingfield ofmultidisciplinary health and scientif-
ic research is Planetary Health [26]. The Planetary Health discipline ac-
knowledges that the preservation of natural systems are an integral
part of human survival and prosperity. This same philosophy underlies
the One Health approach, and promotes growth and innovation in pro-
cesses, policies, and technologies that promote conservation and in-
formed stewardship of the natural environment.

5. Conclusions

While we provide a framework that promotes an OH study design
covering all three health domains, we also recognize that there are in-
deed significant challenges and obstacles to implementing OH research
in practice. These challenges include, but are not limited to, the need for
improved collaborations across disciplines and administrative barriers,
improved science-based risk management policies, and improvedman-
power and research infrastructure capacity in developing countries in
particular [27]. In addition, significant challenges to conducting OH re-
searchmay also arise if funding agencies do not provide effectivemech-
anisms to support interdisciplinary OH research [1]. Thoughmany have
argued in favor of trans-disciplinary research [24,28–32], ecological and
veterinary science remain largely segregated from human health re-
search [33]. The OH approach to research will continue to advance
through demonstration of effective collaborationwith key stakeholders.
Although progress has been made to foster OH research networks [3,



Table 1
One Health approach to researching diseases of high outbreak risk.

Health threat Environment Animal (Vector or reservoir) Human (Behavior or susceptibility factors)

Zika infection during pregnancy - Mosquito breeding grounds
- Outdoor and household exposure to mosquito bites

Mosquitoes - Unplanned or planned pregnancy
- Use of mosquito repellant/protective

clothing
Crimean-Congo haemorrhagic
fever

- Tick habitat – bushes and tall grasses Ticks
Livestock infections

- Use of insect repellant
- Contact with livestock

Ebola virus [15,16] and Marburg
virus

- Climatic conditions associated with outbreaks Fruit bats are reservoirs
Seroprevalence in dogs as
sentinels
Impacts on animal populations

- Cultural practices in caring for the sick
- Treatment of the deceased

Lassa fever [17,18] - Household conditions
- Poor sanitation

Rodent urine or feces - Grain storage practices
- Hygiene
- Disposal of contaminated materials in

hospitals
Middle East Respiratory
Syndrome (MERS)
Coronavirus

- Persistence of MERS on environmental surfaces [19] and
air

Dromedary camels - Early diagnosis
- Medical countermeasures (such as

isolation) to prevent transmission
- Personal protective equipment for

healthcare staff
Severe Acute Respiratory
Syndrome (SARS) [20]

- Removal of reservoir animals from habitat and mingling
with other species and humans

Bats are reservoirs
Civets were amplifying
reservoirs in the 2003 outbreak

- Practice of live animal trade
- Medical countermeasures to prevent

transmission
Nipah virus - Haze, deforestation [21], and drought forced bats to mi-

grate to areas where pig farming was common
Pigs affected and may be hosts
Bats are reservoirs

- Pig slaughtering methods
- Consumption of raw date palm sap

(liquor)
- Prevention of nosocomial infection

[22]
Rift Valley Fever [23] - Heavy rainfall affected by ocean temperatures

- Land use degradation (crop irrigation providing mosquito
breeding sites)

Mosquitoes
Livestock

- Contact with animal fluids, e.g. birth
or slaughter

- Irrigation practices
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34–36], funding agencies in various sectors should do more to encour-
age collaborative work across the disciplines of human and ecological
health. Encouraging these multidisciplinary research efforts, especially
at the conception and planning phases, will help scientists develop in-
novative solutions to complex and inter-related human, animal, and en-
vironmental health threats.

Funding sources

RTI International funded the writing of this manuscript through its
Strategic Manuscripts program.

Acknowledgements

The authors would like to thank Amy Nelson, Sarah Rhea, and
Richard Stevens for their review of this manuscript.

References

[1] E.P. Gibbs, The evolution of One Health: a decade of progress and challenges for the
future, Vet. Rec. 174 (4) (2014) 85–91.

[2] World Health Organization, WHO publishes list of top emerging diseases likely to
cause major epidemicsAvailable from: http://www.who.int/medicines/ebola-treat-
ment/WHO-list-of-top-emerging-diseases/en/ 2015.

[3] One Health Initiative, Mission StatementAvailable from: http://www.
onehealthinitiative.com 2016.

[4] H. Lerner, C. Berg, The concept of health in One Health and some practical implica-
tions for research and education: what is One Health? Infect. Ecol. Epidemiol. 5
(2015) 25300.

[5] V.O. Ezenwa, A.-H. Prieur-Richard, B. Roche, X. Bailly, P. Becquart, G.E. García-Peña,
et al., Interdisciplinarity and infectious diseases: an Ebola case study, PLoS Pathog.
11 (8) (2015), e1004992.

[6] B.D. Anderson, M. Ma, Y. Xia, T. Wang, B. Shu, J.A. Lednicky, et al., Bioaerosol sam-
pling in modern agriculture: a novel approach for emerging pathogen surveillance?
J. Infect. Dis 214 (4) (2016) 537–545.

[7] W.M. Parkes, L. Bienen, J. Breilh, L.-N. Hsu, M. McDonald, A.J. Patz, et al., All hands on
deck: transdisciplinary approaches to emerging infectious disease, EcoHealth 2 (4)
(2005) 258–272.

[8] S. Greenland, J. Pearl, J.M. Robins, Causal diagrams for epidemiologic research, Epi-
demiology (1999) 37–48.

[9] Global Health Observatory [Internet], Available from: http://apps.who.int/gho/data/
node.home.
[10] World Animal Health Information Database [Internet], Available from: http://www.
oie.int/wahis_2/public/wahid.php/Wahidhome/Home.

[11] Gridded Livestock of the World Database [Internet], Available from: http://www.
fao.org/Ag/againfo/resources/en/glw/home.html.

[12] R.A. Johnson, D. Wichern, W. Applied Multivariate Statistical Analysis, 6 Ed. Upper
Saddle River, NJ, Pearson Prentice Hall, 2007.

[13] A. Agrest, Categorical Data Analysis, Wiley-Interscience, Hoboken, NJ, 2013.
[14] U.S. Environmental Protection Agency, Technical Background Document for the

Sewage Sludge Exposure and Hazard Screening Assessment, Water Oo, Washigton,
DC, December 19, 2003 Report No.: Contract No.: EPA-822-B-03-001.

[15] S. Ng, B.J. Cowling, Association between Temperature, Humidity and Ebolavirus Dis-
ease Outbreaks in Africa, 1976 to 2014, Eurosurveillance 19 (35) (2014).

[16] University of Washington, Ebola and One HealthAvailable from: http://deohs.wash-
ington.edu/cohr/ebola-and-one-health 2016.

[17] L.H. Kahn, in: B. Kaplan (Ed.), One Health in Action No. 2, One Health Initiative,
2008.

[18] World Health Organization, WHO Factsheets: Lassa FeverAvailable from: http://
www.who.int/mediacentre/factsheets/fs179/en/ 2016.

[19] S.Y. Bin, J.Y. Heo, M.S. Song, J. Lee, E.H. Kim, S.J. Park, et al., Environmental contami-
nation and viral shedding in MERS patients during MERS-CoV outbreak in South
Korea, Clin. Infect. Dis. 62 (6) (2016) 755–760.

[20] L.F. Wang, B.T. Eaton, Bats, civets and the emergence of SARS, Curr. Top. Microbiol.
Immunol. 315 (2007) 325–344.

[21] K.B. Chua, B.H. Chua, C.W. Wang, Anthropogenic deforestation, El Nino and the
emergence of Nipah virus in Malaysia, Malays. J. Pathol. 24 (1) (2002) 15–21.

[22] MacKenzie JS. GOARN and One Health: Nipah Virus as a Source of Lessons Learnt.
Presentation. World Health Organization.

[23] Dynamic Drivers of Disease in Africa Consortium. One Health Working bringsWide-
spread Rift Valley Fever out of the Shadows.

[24] R.M. Anholt, C. Stephen, R. Copes, Strategies for collaboration in the interdisci-
plinary field of emerging zoonotic diseases, Zoonoses Public Health 59 (4)
(2012) 229–240.

[25] L.J. King, N. Marano, J.M. Hughes, New partnerships between animal health services
and public health agencies, Rev. Sci. Tech. 23 (2) (2004) 717–725.

[26] Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG, de Souza Dias BF, et al.
Safeguarding human health in the Anthropocene epoch: report of The Rockefeller
Foundation–Lancet Commission on planetary health. Lancet. 386(10007):1973–
2028.

[27] W.A. Gebreyes, J. Dupouy-Camet, M.J. Newport, C.J. Oliveira, L.S. Schlesinger, Y.M.
Saif, et al., The global one health paradigm: challenges and opportunities for tackling
infectious diseases at the human, animal, and environment interface in low-re-
source settings, PLoS Negl. Trop. Dis. 8 (11) (2014), e3257.

[28] P. Kingsley, E.M. Taylor, One Health: competing perspectives in an emerging field,
Parasitology (2016) 1–8.

[29] G. Gongal, One Health approach in the South East Asia region: opportunities and
challenges, Curr. Top. Microbiol. Immunol. 366 (2013) 113–122.

[30] L.K. Allen-Scott, B. Buntain, J.M. Hatfield, A. Meisser, C.J. Thomas, Academic institu-
tions and one health: building capacity for transdisciplinary research approaches

http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0005
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0005
http://www.who.int/medicines/ebola-treatment/WHO-list-of-top-emerging-diseases/en
http://www.who.int/medicines/ebola-treatment/WHO-list-of-top-emerging-diseases/en
http://www.onehealthinitiative.com
http://www.onehealthinitiative.com
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0020
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0020
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0020
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0025
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0025
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0025
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0030
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0030
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0030
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0035
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0035
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0035
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0040
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0040
http://apps.who.int/gho/data/node.home
http://apps.who.int/gho/data/node.home
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home
http://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home
http://www.fao.org/Ag/againfo/resources/en/glw/home.html
http://www.fao.org/Ag/againfo/resources/en/glw/home.html
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0060
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0060
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0065
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0070
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0070
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0070
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0075
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0075
http://deohs.washington.edu/cohr/ebola-and-one-health
http://deohs.washington.edu/cohr/ebola-and-one-health
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0085
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0085
http://www.who.int/mediacentre/factsheets/fs179/en
http://www.who.int/mediacentre/factsheets/fs179/en
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0095
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0095
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0095
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0100
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0100
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0105
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0105
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0110
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0110
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0110
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0115
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0115
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0120
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0120
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0120
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0120
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0125
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0125
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0130
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0130
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0135
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0135


50 J. Lebov et al. / One Health 3 (2017) 44–50
to address complex health issues at the animal-human-ecosystem Interface, Acad.
Med. 90 (7) (2015) 866–871.

[31] American Veterinary Medical Foundation (AVMA), Recommendations, 2015.
[32] L.J. King, L.R. Anderson, C.G. Blackmore, M.J. Blackwell, E.A. Lautner, L.C. Marcus,

et al., Executive summary of the AVMA One Health Initiative Task Force report, J.
Am. Vet. Med. Assoc. 233 (2) (2008) 259–261.

[33] K.R. Manlove, J.G. Walker, M.E. Craft, K.P. Huyvaert, M.B. Joseph, R.S. Miller, et al.,
“One Health” or Three? Publication Silos Among the One Health Disciplines, PLoS
Biol. 14 (4) (2016) e1002448.
[34] One Health Commission, World Health through CollaborationAvailable from:
https://www.onehealthcommission.org 2016.

[35] Rockefeller Foundation. Planetary Health.
[36] Centers for Disease Control and Prevention. One Health 2013 [Available from:

https://www.cdc.gov/onehealth/.

http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0135
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0135
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0140
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0145
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0145
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0145
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0150
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0150
http://refhub.elsevier.com/S2352-7714(16)30069-6/rf0150
https://www.onehealthcommission.org
https://www.cdc.gov/onehealth

	A framework for One Health research
	1. Introduction
	2. Framework
	2.1. Conceptualization phase
	2.1.1. Hypothesis and study aims
	2.1.2. Collaborators and stakeholders

	2.2. Planning phase
	2.2.1. Study design
	2.2.2. Data sources
	2.2.3. Analytical methods
	2.2.4. Log-linear models
	2.2.5. Principal component analysis


	3. Case study
	3.1. Conceptualization phase
	3.1.1. Hypotheses and aims
	3.1.2. Collaborators and stakeholders

	3.2. Planning phase
	3.2.1. Study design
	3.2.2. Data sources
	3.2.3. Analytical methods


	4. Discussion
	5. Conclusions
	Funding sources
	Acknowledgements
	References


