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Abstract

Advocates for a One Health approach recognize that global health challenges require multi-

disciplinary collaborative efforts. While past publications have looked at interdisciplinary

competency training for collaboration, few have identified the factors and conditions that

enable operational One Health. Through a scoping review of the literature, a multidisciplin-

ary team of researchers analyzed peer-reviewed publications describing multisectoral col-

laborations around infectious disease-related health events. The review identified 12 factors

that support successful One Health collaborations and a coordinated response to health

events across three levels: two individual factors (education & training and prior experience

& existing relationships), four organizational factors (organizational structures, culture,

human resources and, communication), and six network factors (network structures, rela-

tionships, leadership, management, available & accessible resources, political environ-

ment). The researchers also identified the stage of collaboration during which these factors

were most critical, further organizing into starting condition or process-based factors. The

research found that publications on multisectoral collaboration for health events do not uni-

formly report on successes or challenges of collaboration and rarely identify outputs or out-

comes of the collaborative process. This paper proposes a common language and

framework to enable more uniform reporting, implementation, and evaluation of future One

Health collaborations.
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Introduction

Ongoing and emerging health challenges such as infectious disease epidemics, bioterrorism,

antimicrobial resistance, and natural disasters require a coordinated response from a highly

diverse, collaborative, and trained health workforce. “One Health” is a concept and approach

intended to meet such demands. Though loosely defined, a broadly accepted definition of One

Health describes it as “the integrative effort of multiple disciplines working to attain optimal

health for people, animals, and the environment [1–4] World Organisation of Animal Health

(OIE), n.d.; World Health Organization, n.d). A One Health approach recognizes that complex

health challenges are beyond the purview of any one sector or discipline working in isolation

[5] and that a resilient health workforce must be capable of effective and collaborative preven-

tion and detection of, as well as response to emerging health challenges. A One Health

approach, therefore, calls for collaboration across disciplines, sectors, organizations, and

national borders in support of increasingly complex health challenges [1–2,4–8].

While One Health advocates increasingly support collaborative and multi-sectoral

approaches to health challenges, no common language or metrics exist to uniformly describe

and evaluate such efforts. Few studies explicitly analyze the factors and conditions that support

effective One Health practices and collaborations. This hinders the ability of health profession-

als to learn from past experiences and improve upon current and future One Health policies,

partnerships, and practices. This paper seeks to address this gap by analyzing and identifying

factors that enable effective multisectoral collaboration and response to health events.

In this study, a multidisciplinary team of researchers reviewed a broad scope of literature

describing collaborative and multi-sectoral approaches to past health events to understand

how such collaborations are commonly described and evaluated and to identify and synthesize

enabling factors for One Health collaborations. This paper identifies twelve factors related to

effective One Health implementation and collaboration and concludes with a proposed frame-

work for evaluating future multisectoral One Health collaborations. The ultimate aim of this

work is to support and improve multisectoral preparedness and response efforts.

Background on One Health

Although its conceptual foundations date back hundreds of years, the formal global health

construct known today as One Health wasn’t officially recognized by international and schol-

arly bodies until 1984 [8]. The HIV/AIDS pandemic in the 1980s and the Hanta virus outbreak

in 1993, made clear that emerging disease threats can cross national borders, cultures and spe-

cies. With that came a broader recognition that animal and zoonotic diseases pose a serious

threat not only to human health but to global health security. Policy makers and health practi-

tioners looked to collaborative health efforts as a response to these emerging challenges [3].

The subsequent decades which were marked by unprecedented global interconnectedness

and human mobility [9] were associated with threats to global health security, including man-

made threats, such as the use of anthrax as a bioweapon, and emerging diseases like SARS and

avian influenza. These challenges necessitated the need for a more formal coordinated action

from countries, regions, and the global health community at large to address such health

threats.

In order to address the afore-mentioned challenges, there have been emergence of major

health initiatives and frameworks such as the Global Health Security Agenda, the International

Health Regulations-Joint External Evaluations (IHR-JEE), the World Health Organization

(WHO)-World Organisation for Animal Health (OIE) Operational Framework for Good Gov-

ernance at the Human-Animal Interface [10], and the World Bank’s One Health Operational

Framework [11]. A common thread among these initiatives is the emphasis on multisectoral
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and transdisciplinary collaboration and a call for strengthening human, animal and environ-

mental health systems through a One Health approach.

The global health community, including those already engaged in One Health, continue to

grapple with the fundamental questions of what characterizes a successful One Health

approach, including how to set goals, establish frameworks, facilitate collaborative work, and

how to process and measure outcomes [12]. Efforts to measure One Health programmatic out-

comes and operations are necessary for the improvement of collaborative efforts. This article

supports such efforts by 1) identifying key factors that support effective collaboration around

health events and 2) proposing a framework for documenting and evaluating One Health col-

laborations in a more uniform and systematic manner.

Conceptual framework: Understanding One Health collaborations

Collaboration is an inherent and explicit part of the One Health approach which calls for the

active engagement of institutions, managers, and health practitioners across disciplines and

sectors [1–4]. Despite widespread recognition of the importance of a One Health approach,

there exists a gap in the literature regarding what constitutes a successful One Health collabo-

ration. This study draws upon the existing public affairs literature on collaborative, or ‘cross-

boundary’ collaborations to understand which factors enable successful collaboration around

health events.

Review of the literature on collaboration. Scholars of public policy, organizational part-

nerships, team science, and multisectoral collaboration have produced a series of theoretical

frameworks to describe cross-boundary collaborations and identify which practices make

them successful [13–15]. The focus on collaboration and partnership is not unique to any one

discipline, yet there is very little cross-fertilization of research across disciplines. This research

builds upon the existing literature on cross-boundary collaborations and applies it to One

Health collaborations. The conceptual framework for this study focuses on three critical phases

of a successful cross-boundary collaboration: adequate starting conditions, an effective process

of collaboration, and attention to the outcomes of collaboration [16–20].

Starting conditions. There is a general consensus in the literature on cross-boundary col-

laborations that starting conditions-the conditions in place before any collaborative process

begins—impact the process, structures and outcomes of collaborative engagement. These

include prior history (e.g. successes, failures, existing partnerships), the environment (e.g.

resource imbalances, stakeholder incentives), and relational dynamics (e.g. balances of power,

who convenes or facilitates the collaboration, and how and by whom problems are defined)

[16,17]. The presence or absence of such conditions influences successes and challenges

encountered during the collaborative process.

Process. Beyond starting conditions, many scholars point to the process of collaboration

itself and the structures in place to support effective collaboration [13,14,20,21]. Although the

terms used for collaboration vary, scholars focusing on the process of collaboration point to

the importance of leadership, shared goals, trust and mutual understanding, institutional

structures and resources, communication, and data management.

Measuring outcomes. A review of the literature on collaboration suggests a lack of vali-

dated metrics for measuring collaborative effectiveness and performance. Several scholars of

cross-boundary collaborations, citing works published between 2005 and 2019, highlight the

importance of measuring the outcomes of collaboration and lament the challenges of describ-

ing and evaluating collaborations in a uniform way [12,14,16,17,20,22–24]. This underscores

the importance of understanding which factors support collaborative efforts, and how teams

can evaluate their performance and outcomes in association with these factors.
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PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 3 / 24

https://doi.org/10.1371/journal.pone.0224660


The literature on cross-boundary collaborations and its attention to the starting conditions,

processes, and outcomes of collaborative approaches have informed this study on the factors

that enable effective One Health collaborations. The following questions guided this study:

What factors (systems, structures, processes, skills, competencies, decisions, and actions)

enabled two or more disciplines or sectors to collaborate effectively in a health event?

Methods

Scoping review

A scoping literature review was conducted to identify key factors that facilitate multisectoral

collaborations around major health events such as disease outbreaks using published accounts

of actual health events. A scoping review, in contrast to a systematic review, is well-suited for a

field such as One Health that is still relatively new and evolving, as the method allows for

assessment of emerging evidence, as well as a first step in research development [25][p. 12].

Due to the lack of a common language and framework for describing One Health collabora-

tions, this scoping review builds that foundation by providing a broad overview of One Health

collaborations and supporting the synthesis of key concepts, evidence, and research gaps

[26,27].

The scoping review was initiated by a multidisciplinary team in January 2017. The team

members were composed of individuals with expertise in veterinary medicine, public health,

public policy, organization and management leadership studies, international development,

monitoring and evaluation, and education. Because the researcher is central to the methods

and analysis of qualitative research, it was important to select a transdisciplinary research team

that could work effectively to address the research questions and to illustrate the disciplines

that were represented in the transdisciplinary approach employed for this scoped review.

Selection of relevant articles. The search included peer-reviewed articles available to-

date in the U.S. National Library of Medicine’s PubMed database that were searched using

specified MeSH (Medical Subject Headings) terms. Although the multidisciplinary research

team has extensive experience in One Health, they were not trained in sensitive search strate-

gies [26]. The research team thus elected to work with a University of Minnesota research

librarian to develop MeSH terms for this study. Table 1 provides a list of the key terms used to

identify articles discussing multisectoral health events and collaborations. To avoid tautology,

it was a deliberate decision to not use “One Health” as a search term. Instead, drawing upon

the researchers’ extensive experience in One Health, various terms were used to describe One

Health and similar multidisciplinary and cross-sectoral health collaborations. The underlying

assumption was that any articles explicitly addressing One Health would be captured using

these key terms. This initial MeSH search identified 2,630 non-duplicated articles. This scop-

ing review was an inductive study of the literature and was conducted in order to support

more hypothesis driven research for One Health. By design, the authors elected to limit this lit-

erature review to the PubMed database at the outset of the study. PubMed is peer-reviewed

and peer-led database. Articles are selected and included based on scholarly and quality criteria

by literature review committees and are tagged by keyword and by article structure, contribut-

ing to more accurate retrieval than other databases (e.g. Google Scholar); accurate retrieval

supports the search results are reproducible and reportable, which is critically important for a

scoping review of the literature in which it is important for other researchers, no matter their

location, to repeat the study. The decision to use one database reflects the exploratory nature

of this study and the Author’s intent to propose further hypothesis-driven research that may

include additional databases. This methodological choice is in line with Arksey and O’Malley
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(2005) who attest that decisions must be made at the outset of a study to clarify reasons for the

coverage of the review in terms of time span and language [26] [p.23-24].

Initially, citations and abstracts of these articles were screened in two phases. The articles

were reviewed for inclusion based on the criteria outlined in Table 2. In the first screening, 179

abstracts met initial inclusion criteria and full articles were procured and reviewed. In the sec-

ond phase of screening, two further criteria were included to better achieve scoping review

objectives. The research team divided into transdisciplinary pairs which included a reviewer

from the health sciences and one from the social sciences. Each of the articles that met the ini-

tial inclusion criteria were divided among the teammembers and then independently reviewed

according to the modified screening criteria. Articles were included if both reviewers agreed

that they met all initial requirements. In instances where the transdisciplinary reviewers did

not agree, the articles were brought to a full research team meeting and reviewed jointly until

consensus among all researchers was achieved. This same method of collaborative review was

used for the second round of screening and resulted in 50 articles for the final analysis. The

PRISMA diagram below (Fig 1) illustrates the article search, screening, and review process.

Table 2. Article screening criteria.

Initial Screening Criteria
(yielded 179 results)

Modified Screening Criteria
(yielded 50 results)

Inclusion Criteria:

1. Full articles written in English,
Spanish, French, Portuguese, or Italian;

2. Article discussed an actual health
event;

3. The health event discussed involved an
infectious disease challenge; and

4. The case or event involved at least two
sectors or disciplines.

Inclusion Criteria:

1. Articles met initial screening criteria and were included if
they met the following targeted requirements:

2. The article provides a retrospective analysis of an actual
health event;

3. The case or health event involved a noteworthy (describing
successes or challenges encountered during health event)
interaction among at least two sectors or disciplines.
Exclusion Criteria:

Articles were excluded if they failed to discuss any specific aspects
of collaboration, even if they generally acknowledged the
importance of multisectoral collaboration.

https://doi.org/10.1371/journal.pone.0224660.t002

Table 1. Article search terms (yielded 2,630 unduplicated results).

MeSH Terms Searched Key Terms (All Fields) Searched

Communicable Disease Control
Population Surveillance
Zoonoses/epidemiology
Zoonoses/organization & administration
Zoonoses/prevention and control
Disease Outbreaks/epidemiology
Disease Outbreaks/legislation & jurisprudence
Disease Outbreaks/organization & administration
Disease Outbreaks/prevention and control
Interprofessional Relations
Cooperative Behavior
Community Networks/organization & administration

Multidisciplinary/Multidisciplinary/Multidisciplinary
Trans-disciplinary/Trans disciplinary
Cross-sectoral/Cross sectoral

Community Networks/legislation & jurisprudence
International Cooperation/legislation & jurisprudence
International Cooperation/manpower
International Cooperation/organization & administration
Efficiency, Organizational/organization & administration
Organizational Innovation/legislation & jurisprudence
Organizational Innovation/methods
Organizational Innovation/organization & administration
Organizational Culture

https://doi.org/10.1371/journal.pone.0224660.t001

Factors that enable One Health collaboration: A scoping review

PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 5 / 24

https://doi.org/10.1371/journal.pone.0224660.t002
https://doi.org/10.1371/journal.pone.0224660.t001
https://doi.org/10.1371/journal.pone.0224660


Analysis. The interdisciplinary team conducted an analysis of the 50 articles that explicitly

addressed multisectoral collaboration in response to an actual health event. Each reviewer

coded approximately 5–10 selected articles using the qualitative data analysis software,

MaxQDA [28]. Descriptive codes were identified in advance to ensure that baseline data

reflected the One Health aspects of the articles reviewed. All other codes emerged from the

data using a grounded theory approach [29,30]. Preliminary and axial coding procedures are

outlined in the following section and ensured that inductive and deductive thinking could be

related.

Preliminary coding. A set of predetermined, descriptive codes were used to denote the

location and nature of the health event in the articles, including specific infectious agents,

Fig 1. PRISMA diagram.

https://doi.org/10.1371/journal.pone.0224660.g001
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relevant disease vectors or hosts, and the various entities involved in the collaboration. Each

paper was coded for the predetermined codes outlined in Table 3.

Predetermined codes were also used to identify the entities involved in each health event

response. The team used the code “roles” to identify individuals or groups who participated in

the coordinated response in a formal role based on individual expertise and formal training.

While many of these roles represent professions in the health sciences, this category also

included representation from the social sciences, media and community relations, govern-

ment, and engineering. Other articles focused on types of training, identified by the research

team as “disciplines,” (e.g., clinical epidemiology [31] or food safety [32]), or specific professions

(e.g., toxicologist [33] or information technology specialist [34] versus specific professions). A

third type of classification in the literature was more general categorization of sectors involved,

such as the traditional designations of Public, Non-profit, and Private/For-profit.

Axial coding. Axial coding was used to construct linkages between “data sets” or, in this

scoping review, articles regarding intersectoral collaboration. Axial coding is a qualitative

research technique to relate data together in order to reveal codes, categories, and subcatego-

ries, as well as patterns in the data [35]. This grounded theory is an iterative process that com-

bines inductive and deductive thinking.

Each article was first coded to identify any area of text where authors analyzed collaboration

around a specified health event. In this process, it became quickly apparent that the review

team would need to differentiate between actual and hypothetical forms of collaboration

reported. All articles included in the analysis at this stage were retrospective analyses of actual

health events, yet many were actually prospective in their analysis and discussion. As an exam-

ple, several of these articles included suggestions based on what should happen in an ideal sce-

nario, rather than what occurred in practice, thus leaving out key details of the actual event.

Therefore, a first round of organizing codes differentiated between collaborations that actually

happened versus ideal scenarios and hypothetical lessons, allowing the research team to focus

the analysis on what actually happened (Table 4). The text was further coded to reflect whether

the authors were reporting a success factor of collaboration, or a challenge of collaboration.

Both the successes and challenges reported in the literature were related during the grounded

theory thematic analysis and informed the final thematic results reported.

After the first round of axial coding was conducted to organize the data, the authors

employed a deductive framework developed from the review of literature on multisectoral col-

laboration [13]. Aligned with this framework, the research team distinguished between starting

conditions for collaboration, the process of collaboration itself, and the outcomes of collabora-

tion (Table 5).

Finally, the review team re-examined the passages coded as “actually happened” and “suc-

cesses”. These codes were then related to the deductive codes of starting conditions and pro-

cess-based factors. An Excel table was used to organize axial codes into a table of final results.

Table 3. Preliminary descriptive codes.

1. Type of health event reported in the articles
2. Location of health event
3. Infectious agent
4. Entities involved in the response (roles, disciplines, sectors)

https://doi.org/10.1371/journal.pone.0224660.t003

Table 4. Organizing codes.

Code 1: Collaborative analysis–Success reported/ Actually happened during reported health event
Code 2: Collaborative analysis–Challenge reported/ Reflection on what should happen during future health events

https://doi.org/10.1371/journal.pone.0224660.t004
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Limitations. The primary limitations of this scoping review are three-fold. First, the litera-

ture analysis relies on peer reviewed publications alone, which may have underrepresented col-

laborative efforts that are more commonly encountered in grey literature. Future work may be

expanded to include these types of sources.

Second, there was no consistent framework or language for reporting the successes or chal-

lenges of collaboration, and thus, important content may have been missed during the search

and review [36]. The scoping review team tried to overcome this with two strategies, which

included building an expanded list of search terms and conducting an iterative review process

using two independent transdisciplinary reviewers. Both methods offset this limitation and

might have minimized the likelihood of missing specific content. Third, the researchers could

not identify specific metrics for evaluating performance and collaboration in the literature.

This meant that an evaluation baseline was not present. However, the research team believes

that the final subset of articles represents a diverse crosssection of transdisciplinary efforts

around emerging health events.

Results

The scoping review yielded 50 peer-reviewed publications explicitly addressing multisectoral

collaboration in response to an actual health event. This section describes the nature of the

One Health collaborations analyzed as well as the various factors that enable One Health

collaboration.

Descriptive results

Types of One Health events analyzed include natural disasters, infectious disease outbreaks,

endemic disease, bioterrorism, and biosecurity preparedness. In each of these cases, the under-

lying multisectoral collaboration was either a preparedness (planned or ongoing collaboration)

or response (emergency or ad hoc collaboration) effort. The sample included One Health

events from around the world. Most articles addressed health events in Europe/Eurasia (25%),

the Americas (25%), and Asia (23%). Less represented in this sample were health events taking

place in Africa (11%), Oceania (10%), and the Middle East (6%).

Most health events involved a specific infectious agent (97%), while the remaining 3%

focused on infectious disease challenges such as hospital infections, pest management, or tsu-

nami response. A total of 67 different infectious agents were coded. Among the infectious

agents identified, 58% were bacterial, 40% were viral, and 2% were protozoal (e.g. malaria).

39% of these agents primarily affect humans and 33% are predominantly animal-related. 16%

of the agents were food and water-related, 10% were insect related, and an additional 2% were

related to environment. Overall, 60% of the infectious agents were considered zoonotic, mean-

ing they spread between humans and animals. Relevant disease vectors or hosts represented in

more than one publication included bats, cattle, poultry, horses, swine, humans, mosquitoes

and midges.

Involved parties or entities played varied roles and represented diverse disciplines and sec-

tors, as illustrated in Table 6.

Table 5. Deductive codes informed by the literature.

Code 1: Starting conditions of collaboration
Code 2: Process-based conditions of collaboration
Code 3: Outcomes of Collaboration

https://doi.org/10.1371/journal.pone.0224660.t005
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Thematic results

Thematic findings are presented according to the One Health collaboration framework, which

distinguishes between individual, organizational, and network factors that enable multisectoral

and transdisciplinary collaboration at the onset and in the process of addressing a One Health

event. The team ultimately created organizing categories that reflected the individual, organi-

zational and network levels of collaboration (Table 7). These categories were informed by a

review of the literature; for the purposes of this discussion, the definition of network is pro-

vided by Emerson and Nabatchi [18], and is defined as “the processes and structure of public

policy decision making and management that engage people constructively across the bound-

aries of public agencies [organizations], levels of government, and or the private and civic

spheres in order to carry out a public purpose that could not otherwise be accomplished,”

[p.2]. Within each level, the review team created groups of subcategories to further organize

codes.

The research team identified 12 key factors that support successful multi-sectoral collabora-

tions around major health events. At the individual level, these factors include 1) education &

training and 2) prior experience & existing relationship. Organizational factors include 3)

organizational structures, 4) organizational culture, 5) human resources, and 6) communica-

tion. Finally, network-level factors include 7) network structures, 8) relationships, 9) leader-

ship, 10) management, 11) available & accessible resources, and 12) the political environment.

These final individual, organizational and network factors were then further characterized

Table 6. Codes for “entities” involved in the multisectoral event.

Roles (in order of code frequency) Disciplines (in order of code density) Sectors (in order of code density)

• Medicine
• Health Sciences General/Not defined
• Government
• Animal Health
• Technical Support
• Environmental Health
• Social Sciences
• Media

• Human health
• Animal health
• Environmental health

• Public sector
• Non-profit sector
• Private/for-profit sector
• Academic Institutions

https://doi.org/10.1371/journal.pone.0224660.t006

Table 7. Emergent axial codes organized into levels of the collaborative network.

Individual collaborative factor themes:
Education and Training
Prior Experience & Existing Relationships
Ad hoc “just-in-time” training

Organizational collaborative factor themes:
Organizational Structures: Policies and Protocols, Systems
Organizational Culture: Leadership, accountability, ownership, trust, transparency of processes, existing
relationships, systems based thinking, cultural awareness and engagement
Human Resources: Prior Experience & Relationships, Staffing/ Roles & Responsibilities, Reflexive workforce

Network collaborative factor themes:
Network Structures: Structures & Coordinating Mechanisms, Established Roles & Responsibilities
Network Relationships: Preemptive Planning, Relationships & Partnerships, Diverse/Inclusive Stakeholder
Engagement
Existing Resources: Human Resources/Skilled Professionals, Financial Resources/Funding

Political environment
Network Leadership
Network Management: Task Management, Communication, Awareness, Ongoing Stakeholder Engagement
Monitoring and Evaluation (M&E)
Resource mobilization & allocation: Material distribution, Human Resource mobilization

https://doi.org/10.1371/journal.pone.0224660.t007
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according to their relevance at the start of a collaboration “starting condition” or during the

process “process-based” factors of collaboration. The researchers identified that the organiza-

tional thematic factors were relevant to both starting conditions and process-based factors so

were not separated. The final results of this literature review are thus presented in Table 8.

The researchers also coded each paper for outcomes. Of all the articles coded, only 4

articles reported on outcomes of collaborations. The outcomes reported included: (1) cost

reduction; (2) decreased mortality; (3) decreased morbidity, (4) multisectoral development

opportunities resulted from the collaboration; (5) Improved safety; (6) effective use of available

resources.

Table 8. Final axial coding process included both inductive and deductive codes and reflects emerging themes for successful collaboration.

Levels Starting Condition Factors

Initial deductive code (Table 5)

Process Factors

Initial deductive code (Table 5)

Individual

(Emergent Axial

code Table 7)

Individual Factors

Education and Training (including skills & competencies)

Preemptive technical training/ continuing education [37–45]

Disease specific technical training [34,45,46]

Preemptive collaborative training [47,48] Strong public-sector led training [39]

training and capacity building provided a platform for better collaboration for

outbreak [49]

NGOs support gov. through staff training [50]

Participatory epidemiology training [51]

Prior Experience & Existing Relationships

(informal/formal)

Pre-existing multisectoral relationships [45,52–55]

Previous experience collaborating for health events [34,56,57]

Individual Factors

Ad hoc “just-in-time” training

Shared training & organizational alignment; aggressive, rigorous, just-in-time, and critical

trainings for key positions and critical events with monthly follow-up meetings to support

compliance [31,58] Training and capacity building provided a platform for better

collaboration for outbreak response [49]

Instituting multisectoral disease specific training; Ongoing training—for new and existing

systems [39,45]

Organizational

(Emergent Axial

code Table 7)

Organizational Factors (applicable to both starting conditions and process of collaboration): Structures

Policies and Protocols

Shared response guidelines [42,50]

Structures frequently included policies/protocols [59,60]

Reporting -Management protocol -Task Management -Response Plan -Communications/ communication strategy [34,61] Infection planning, control and traceback procedures [62]

Systems

Reporting, laboratory systems [59]

Surveillance systems [41,58,59]

Planning; Iterative Improvement of systems [46,48,60]

Information management system/ database [41,48,63,64]

Information Sharing (data available and useful) [45,48])

Tool sharing during response [65]

Lab systems in place [59]

Online system for HR recruitment [45]

Intentional multidisciplinary engagement, collaborative capacity [43,48,66,67]

Standard operating procedures [55]

Interoperability [42]

Needs assessment and prioritization [38,48]

Culture

Leadership, accountability, ownership, trust, transparency of processes, systems based thinking, cultural awareness and engagement

Leadership to support the iterative and developmental review of collaborative processes [58] Strong, engaged Leadership [32,35,52,68]

Accountability; Ownership [67,68]

Cultural Engagement; Engagement; Diversity/ Involvement of community [67,69]

Trust [38,41,49,70]

Transparency [31,34,61]

Need to understand each other’s’ processes [53,70]

Systems based thinking/ approach [34,48]

Cultural awareness; engagement of diverse stakeholders to reflect community needs [53] Credibility [38]

Human Resources

Prior Experience & Relationships

Existing Relationships [49]

Institutional Knowledge (experience and relationships) [31,45]

Revise and revisit mandates based on lessons learned [37,71]

Staffing/ Roles & Responsibilities

Clearly defined roles and responsibilities [35,42,65]

Resources available and accessible (including Human Resource allocation) [35,45]

Informed staff/ staff are aware of systems in place, increased engagement of staff [31,45]

Reflexive workforce

Reflexive Human Resource Protocol to ensure positions are adequately filled & workers are incentivized [31,57] Reflexive approach [31,45]

Adaptability to rapidly changing context [42]

Rapid start-up response; shared response guidelines [42]

(Continued)
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Table 8. (Continued)

Levels Starting Condition Factors

Initial deductive code (Table 5)

Process Factors

Initial deductive code (Table 5)

Network

(in/formal)

(Emergent Axial

code Table 7)

Network Factors

Network Structures

Structures & Coordinating Mechanisms

Multi Sectoral Coordinating Mechanisms/ platforms for engagement [34,41,45,52,60]

Memoranda of Understanding, Terms of Reference or bilateral agreements to support

the development of existing relationships that promote ongoing engagement

[41,45,48,72]

Use of the Incident command system (ICS) [60]

Creating shared protocols—platform for scientific engagement, information/ tool

sharing during response [65]Reporting structure [49,60]

Creating shared protocols [45]

Policies -Institutional—nation-nation/ regional agreements [45,49,58,72]Basic public

health and infection control measures including contact tracing, infection control

procedures, and quarantine [62]

Joint tasks forces and bilateral agreements ie. the crossborder task force and bilateral

agreement between public hospitals [42,48,72]

Jointly developed procedures to ensure coordinated investigation and cross-sector data

exchange [72] Presence of Lead agency/ Task Force [41]

Establish committees/ subcommittees [48,73]

Established Roles & Responsibilities

Clearly defined and previously established roles and responsibilities [34,42,65,72]

Establish a framework with clearly established partnership roles and responsibilities

[42]

Identification of an inter-agency/ interdisciplinary liaison [31,73]

Network Relationships

Preemptive Planning

Preemptive planning for potential disease threats (ex: MERS CoV, SARS, Ebola, etc.)

[45]

Creating common goals across the network [47]

Setting goals [34]

Local preparedness and logistics [43]

Relationships & Partnerships

Established/ preexisting relationships & partnerships [45,55,74]

Established forum for information sharing, developing relationships, building capacity

[49]

Partnerships with clearly defined roles and responsibilities [40,42,49,54]

Partnerships include public-private partnerships [49], NGO and donor partnerships

[42], training and capacity building partnerships [40]

Partnership with community centers that work with vulnerable populations [59,75]

Partnership with external/ global organizations to support response [62,65]

Partnership with experts [56,61]

Partnership with patients and their families [35]

Linking researchers with community representatives [51] Public-private partnerships/

public engagement [39,43]

Diverse/Inclusive Stakeholder Engagement

Cultural awareness/engagement/diversity and community engagement [53]

Need "an expanded network of partners that includes full representation from all

regions, and possibly other disciplines" [37]

Diverse representation and inclusion within collaborative platforms/networks

[37,45,52,56]

Existing Resources

Human Resources/Skilled Professionals

Resources available and accessible, including Human

Resource allocation and existing relationships

[35,44,45,54,77]

Reposition of supplies to high risk areas [41]

Financial Resources/Funding

Access to regional and international investors [49] Third party coordinating supported

public-private mixed projects with financial support [31,39]

Political environment

Political will to aid in the development/ institutionalization of effective collaborative

structures [41,48,65]

Political support for empowered decision making [72]

Network Factors

Network Leadership

Support networks to identify a lead agency [41,52]

Promote information sharing and joint decision-making across the network [49,60,65]

Joint decision making, joint planning [60]

Strong and engaged leadership [52]

Multisectoral partners worked together for a common goal [47]

Strategic risk communication with leadership [45]

Network Management

Task Management

Task/ Case Management through MCMs [41]

Convene regular multi-sectoral meetings [53,58,60]

Shared response guidelines [52]

Management protocol [58]

Rapid startup response [42]

Technical discussions held with community to support management systems [51]

Awareness

Awareness of systems in place, education/awareness, coordination, multidisciplinary info/

data sharing

[31,38,44,55,60,70]

Increased engagement [31,45]

Joint/coordinated public communications [60,70]

Health threat communication includes early notification [49]

Team/Internal communication includes data and information sharing [41,76]

Public communication includes public awareness [54]

Public release of risk analysis reports [77]

Joint interviews with stakeholders [70]

Finding common ground especially in regions of conflict to ensure health equity [49]

Sharing perspectives [53]

Behavior change communication [41]

Effective information dissemination

Communication

Characteristics: frequent and honest [44,45] Timely; Consistent [45]; Reflexive/ flexible

[59]; Iterative feedback [53]; Clear purpose [31,44,70]; Prioritized [riskbased] [45]

Trust [49]; Interdisciplinary [31,53]; Contextualized [51];

Streamlined [54,70]Methods:

Communication through MCMs—pre-meetings, data collection and sharing, forum for info

sharing [48,58] ICS methods supported multisectoral communication/ effort [60]

Regularly scheduled meetings/ Multidisciplinary meetings established/Follow-up meeting

[43,48,53,58,60]

Established clear lines of communication [31,43,51,77,78] Diversity of methods and

platforms such as press briefs, websites, tv, newspaper, teleconferencing, listserv, available

contact list, local/ regional/ cross-border meetings, periodic reporting

[44,45,49,53,58,62,77,78] [38]

Ongoing Stakeholder Engagement

Engagement of diverse stakeholders to reflect community needs [53,75]

Community engagement around prevention and control

activities and biosecurity measures [51] Bottom-up approach with involvement of all levels/

Champion/advocates [52,55]

Action plans were agreed to with the community] needs ie. planning and implementation

[51]

Public, community, local authorities, govt agencies,

NGOs, patients [45,49]

Public health agencies/programs, travelers, global partners, federal and non-federal agencies

[45] Civil-military; military/ foreign military involvement provided necessary support for

other sectors [39,71,79]

Monitoring and Evaluation

Monitoring goals [35]

Iterative review of collaborative processes [55,60]

Monitoring and evaluation to show the outcome of interventions as beneficial or not

[31,45,48]

Research to understand outreach effectiveness [38]

Resource mobilization & allocation

Material distribution

Established supply location [standardized, accessible, risk-based strategy); Subcommittee

assigned to monitor supplies [41]

Accessibility, standardized location, allocation, flow, product deployment [34,68,80]

Human Resource mobilization

Reflexive HR Protocol to ensure positions are adequately filled and that workers are

incentivized [31,57]

Additional military support allowed struggling

organizations to leverage support and stay involved[71]

Online recruitment [45]

https://doi.org/10.1371/journal.pone.0224660.t008
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Discussion

In this discussion, the research team suggests 12 thematic factors that may be used by practi-

tioners involved in One Health activities to more systematically assess the successes and chal-

lenges of multisectoral collaboration, including those contributing to successful outcomes.

Further research is needed to refine and validate these factors and ultimately support more

uniform and rigorous assessments of One Health collaborations.

Collaborative success factors categorized as starting conditions or process-
based factors

The axial coding process allowed for factors reported to facilitate or discourage successful col-

laboration to be categorized as either a relevant starting condition of collaboration, or as rele-

vant to the process of collaboration. During the data analysis, certain themes within each

category of individual, organizational and network factors emerged as relevant to “setting the

stage” for effective collaborative processes, while other factors were essential to maintaining

the process of collaboration itself. The researchers found that this distinction was critical in

our understanding of how successful collaborative processes are initiated. The starting condi-

tions presented in this paper represent the collaborative preparedness and planning necessary

to support effective One Health processes. In addition, the process of collaboration allows for

the emergence of new ways of collaborating. This symbiotic relationship between starting con-

ditions and process, allows us to view the entire system of collaboration. In this system, starting

conditions influence the process of collaboration, and the process itself can lead to improve-

ment of structures and processes that will now inform improved starting conditions. This

cyclical and emergent process is inherent in collaboration and must be accounted for when

considering evaluation and systems-based improvements.

Individual factors. Relevant success factors at the onset of a One Health event include an

individual’s education and training, as well as prior experience and existing relationships.

Many authors identified existing or previous education and training as enabling factors for

collaborative success [37,40–42,44,47,49,51]. Formal technical education and training of indi-

vidual workers prior to a health event was critical to prepare the necessary human resources

for response efforts. Authors noted that foundational technical training during an event was

often not possible [41,42], but that preemptive and collaborative planning did support the

development of key relationships, and in some cases, the development of shared protocols

used in the response. The absence of formalized training opportunities before an event, both

individual technical training and collaborative, were frequently reported as a gap and a chal-

lenge to effective One Health response [40–42, 49]. Shared competencies were suggested as a

strategy for standardizing protocols and performance across multiple individuals and organi-

zations [49]. Multiple sources also reported the importance of prior experience in collaborative

response efforts and how this established existing relationships to support the work, both for-

mal (i.e. required communication through standard operating procedures) and informal (i.e.

loosely structured and based on personal relationships and ongoing professional engagement)

[34,45,52,53,56,57]. When instituted before a health event occurs, these starting conditions

were reported to support a more effective collaboration processes.

Individual factors that supported the process of collaboration were most frequently

reported as workers having access to necessary education and training that was available ad

hoc or as “just in time” training to support operations during the health event. Examples

reported include the use of shared training across organizations to additionally support institu-

tional alignment and partnership with community-level organizations to provide training

[39,42,49]. Many of these trainings were reported to be rigorous and responsive with
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continuous follow-up to support compliance [31,45,58]. Williams et al [45] discussed how

ongoing multisectoral disease specific training supported workers to operate within new and

existing systems while simultaneously sharpening their technical competence. These training

and capacity-building opportunities were reported to provide a platform for better collabora-

tion for outbreak response [49]. However, ad hoc trainings do not replace or diminish the

need for foundational technical training, as formalized education and training were reported

as a critical starting condition to facilitate quick mobilization in the case of a health event. Our

literature review uncovered the role for both strong university-based education and training,

and the role that ad hoc or “just-in-time” training can play to meet immediate operational

needs during process-based response.

Organizational factors. Factors reported to enable organizational-level collaboration

were broadly applicable to both the starting conditions and the processes of collaboration.

Organizational structures, culture and resources were cited as important elements for creating

an enabling environment for effective One Health collaboration. The organizations serve to

connect the individual worker with a network of One Health actors.

The organizational structures that support collaboration were often discussed as a success

factor. These structures include, but are not limited to, the policies and protocols or systems

established within organizations to support technical implementation and collaborative efforts.

Policies and protocols reported to be supportive included technical guidelines and standard

operating procedures, as well as management, response and communication strategies and

protocols [34,42,50,59,60,62]. In addition, organizations reported the need for functional sys-

tems for information and resource management and sharing and reporting both surveillance

and laboratory results [41,43,45,48,55,59,63,64,66,67]. These systems were reported to benefit

from being adaptive, flexible/reflexive and improved through iterative feedback and monitor-

ing and evaluation [38,46,48,60].

Organizational culture was reported in multiple key areas [31,35,38,41,48,49,60,61,68–

70,81]. The role of organizational leadership was discussed at length in many of the reviewed

publications. Authors recognized and identified the importance of having strong and engaged

leadership [31,34,52,68] and the need for leadership to support the iterative and developmental

review of collaborative processes [60]. In addition, organizations benefited from having a cul-

ture that supported accountability, ownership, cultural engagement and diversity [53,68].

Trust and credibility were consistently reported as a key element of organizational success

[38,41,49,70], as was the need for both an understanding of each other’s processes and systems

based thinking [34,48,53,70]. Authors reflected on the importance of cultural awareness, trans-

parency of communication processes [31,34,53,61] and the engagement of diverse stakeholders

who were able to reflect community needs [53].

Human resource-related factors appeared in all three levels of analysis. Research suggests

that workers need to be trained at an individual level, have defined roles and responsibilities at

an organizational level, and need to be able to mobilize their efforts at a network level. At an

organizational level, Human resources are made up of individual contributors and also func-

tion as collective entities that reflect employees’ prior experiences, existing relationships, and

the collective institutional knowledge of its members [31,34,45,49] serve to benefit the organi-

zations in which they work. Clear roles and responsibilities were consistently reported

[34,42,45], as well as awareness of systems in place to support ongoing engagement, operations

and information sharing [31,45]. Additionally, several authors highlighted the importance of a

reflexive workforce, i.e. human resources that were readily available and could be mobilized

quickly and efficiently to respond to health event in a rapidly changing context [31,42,45,57].

Network factors. Starting condition factors reported to enable collaboration at the net-

work level included network structures, existing relationships, available resources in the face of
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a health event, and the political environment in place to support these efforts. Pre-existing net-

work structures were reported to provide a foundation for effective collaborative efforts to occur

across participating organizations. Established Multisectoral Coordinating Mechanisms (MCMs),

also referred to as One Health platforms or joint task forces, were often reported as key to assisting

with collaboration across a network [34,41,42,45,48,52,60,72]. Organizational and network struc-

tures provided operational standards that crossed relational and organizational boundaries at all

levels of the system—individual, organizational and network—which supported the development

of formal relationships at each level. Analysis suggested that these systems and relationships need

to be in place before the health event. MCMs provide a formalized operating foundation in which

organizations and individuals could contribute, and formalized roles and responsibilities sup-

ported effective human resource mobilization in both organizations and networks [34,42,45,72].

These structures were often supported by formal policies or agreements such as bilateral agree-

ments or Memoranda of Understanding (MOUs) [41,45,72]. In addition, operating procedures

such as the Incident Command System (ICS) also supported effective mobilization of multiple

organizations within theMCM [60]. Finally, the importance of formal structures were repeatedly

emphasized as a response to “lessons learned” during challenging responses. On the contrary, lack

of existing structures was reported to prevent efficient multisectoral engagement in the prepared-

ness and response to health events [37,42,71]. Several sources indicated that reporting structures

and policies at local, regional, national and international levels support continuity of response and

effective implementation in response to health events [45,48,49,58,60,62,65,72,73]. These report-

ing structures and policies allowed for information flow between stakeholders, and the coordina-

tion of response efforts across a diversity of individuals and organizations participating in

preparedness or response efforts [31,49,58,65,74].

Established structures created a foundation for network relationships that support effective

outbreak response to a health event [31,40,42,45,47,49,54]. Development of formal and infor-

mal relationships prior to a health event allowed individuals, organizations and networks to

more effectively respond once an emergency arose. The existence of structural agreements in

any form such as MCMs, MOUs, shared Standard Operating Procedures (SOPs) or bilateral

agreements were reported to support the further development of existing relationships to pro-

mote ongoing engagement prior to and throughout a health event [55,74]. Preemptive plan-

ning for potential disease threats was reported to strengthen connections and relationships

and support multisectoral disease training, sometimes leading to shared protocols [45]. Addi-

tionally, the creation of common goals [34,47] and clearly defined, previously established,

roles and responsibilities for individual actors and network partners were reported as neces-

sary in network operations [34,40,42,45,49,54]. Cultural awareness and the inclusion of diverse

stakeholders from government, nonprofit, and private sectors from the national to community

level, was consistently reported as a success factor for collaborative efforts if included from the

start [33,34,37,42,51,52,56,59,61,75].

Availability of resources, including human resources, that can be easily and efficiently

mobilized in a health event was considered an important factor for response [31,34,37,41,44,

45,49,52,54,74,82]. Authors also noted the importance of a supportive political environment to

aid in the development and institutionalization of effective collaborative structures [41,48,

65,72]. A supportive political environment was reported to enable the flow of available finan-

cial, human and material resources and empowered decision making [72]. Readily available

resources supported rapid mobilization of collaborative efforts when a health emergency

occurred. This is particularly impactful given that the absence of these resources and actions

was noted across the literature as challenges to effective health response.

Network leadership andmanagement processes were critical to effective multisectoral response

efforts. Leadership engagement during a health event allowed for the mobilization and needed
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support for management processes. By utilizing existing structures and decision-making power,

leaders and lead agencies can support managers and the process of management across organiza-

tions and networks. Emergency response protocols, such as the ICS, were frequently reported as

mechanisms to this end, by concretely providing a leadership and management structure to sup-

port ongoing multi-organizational response. It was particularly useful for identifying a lead agency

and establishing structures for regular meetings and communications. In the process of collabora-

tion, relevant network factors included network leadership, management, and the effective and

efficient mobilization of resources for response. For example, strong and engaged network leader-

ship was noted as an important success factor for collaboration. When established prior to a health

event, factors reported to support network collaborations included identifying a lead agency

[41,52], promoting information sharing and joint decision-making across a network [49,60,65],

and convening regular multisectoral meetings [53,58,60]. In addition, strong leadership was inte-

gral for strategic risk communication across the network [45].

Effective network management during an outbreak was reported in the areas of manage-

ment practices, monitoring and evaluation (M&E), communication, awareness and ongoing

stakeholder engagement. Management practices included case and task management through

the MCM [41], regularly scheduled meetings [53,58,60] and development of shared response

guidelines and management protocols across the network [58,81]. These management prac-

tices, when paired with existing structures, can support rapid start up response in the face of

health events [51]. Monitoring and evaluation allowed for the iterative review of the collabora-

tive processes during response efforts, as well as the outcomes of the collaborative process

[31,34,38,45,48,55,60]. Monitoring and evaluation was reported as integral in being able to

show the outcome of interventions as beneficial or not [31,38,45].

The importance of communications cannot be overemphasized and was repeatedly

reported as an integral factor for building relationships, trust and supportive organizational

culture, and for contributing to effective response processes. Both the characteristics and the

methods of communications were highlighted as important. Characteristics of successful com-

munication included the need to be frequent and honest [44,45]; timely and consistent [45];

reflexive and flexible [59] and prioritized (risk-based) [45], and streamlined [54,70]. Addition-

ally, characteristics included the need for communications that build trust [49] and have a

clear purpose [31,44,70]. These elements were widely reported to support effective communi-

cation within and across organizations [31,41,44,48,49,51,53,54,58,60,70,77,78,80].

Communication was deemed most effective when it was regular, frequent, and designed to

foster awareness and support the engagement of a range of stakeholders, from local through

national, regional and international levels. The MCMs, or the use of ICS, were often cited as

important organizing structures for ongoing communication during a health event, support-

ing meetings, data collection and information sharing [43,48,58,60], underscoring the impor-

tance of starting conditions to support communications. Multiple methods of communication

were reported including electronic communications, list-servs, contact lists and regular meet-

ings; in many cases these were supported through existing MCMs [48,58] Monthly meetings

[53,58,60] and establishing clear lines of communication [31,44,51,77,78] were reported as

critical. These methods were supported by the use of a variety of methods and platforms such

as press briefings, websites, television, newspaper, teleconferencing, listserv, available contact

lists, local/ regional/ cross-border meetings and periodic reporting [44,45,49,53,58,62,77].

Additionally, leadership and management processes played a key role in supporting or chal-

lenging communication; high-level support, resource allocation, and use of good practices

across an organization are foundational for good internal and external communication.

Closely linked with communication was the reported importance of building shared aware-

ness and diverse stakeholder engagement. Awareness included information sharing, education
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campaigns, jointly coordinated communications and public release of reports with all mem-

bers of the network and with the public [31,38,44,45,52,54,55,61,70]. Engagement of diverse

stakeholders before, during, and after the response was reported as essential; these stakeholders

included community and local actors, national governments, intergovernmental organiza-

tions, and operating partners [45,49,51–53,75]. To facilitate communication across stakeholder

groups, Adams et al. [60] and Butler et al. [70] underscored the importance of transparent

joint communications specifically between responders and community leaders for efficient

and effective response. Butler et al. [70] further reported the success of joint interviews held

with stakeholders to support shared understanding of response needs. Diverse partners,

including foreign militaries, were reported to support foundational infrastructure that allowed

other international partners to stay involved when supporting a response effort when they

would not have been able to serve effectively on their own [39,71,79]. Common goals, common

interests, and perspective sharing amongst stakeholders were reported to support an effective

response to a health event [38,49,53].

Resource mobilization and allocation during an event, relies heavily on the starting condi-

tions, as well as the communication, leadership and management during the process of collab-

oration. A number of authors pointed to the importance of being able to mobilize both the

material and human resources. Once again, the involvement of diverse stakeholders, the use of

MCMs and management systems such as ICS were attributed with the ability to draw upon

existing resources. Processes characterized as successful included establishing a supply chain

with standardized access, delivery, allocation and flow [34,41,68,80]. Human resource mobili-

zation benefited from online recruitment [45] as well as reflexive Human Resource protocols

to ensure that positions were filled and workers are incentivized and rewarded for participa-

tion [31,57].

Outcomes reported. Although the researchers created a code to capture reported out-

comes of collaborative efforts, only a small number of authors reported outcomes of their col-

laborative processes. Outcomes were consistently missing or under-reported in the literature

reviewed, and this is likely a result of One Health outcomes being difficult to characterize. The

few reported included the outcomes of cost reduction and improved safety [34], decreased

mortality [41], reduction in MRSA (Methicillin-resistant Staphylococcus aureus) cases [31],

increased stakeholder buy-in [45], and a report that multisectoral professional development

opportunities resulted from the response [47]. However, implementation of M&E activities

was one of the major gaps in the reports of One Health collaboration. The majority of articles

reviewed never discussed the evaluation of either the process of collaboration or the resulting

outputs or outcomes. This creates a pivotal challenge in understanding how to improve One

Health operations. The authors noted that outcomes of collaborative efforts were consistently

missing or underreported in the literature reviewed.

Language in collaboration. Language used to describe One Health work continues to be

a challenge when working across disciplines. Each discipline contributing, and specifically

those authors reporting on these interactions, bring their own nomenclature and vernacular

[36]. As also discussed in the limitations of this work, we encountered challenges in how

authors reported on which entities were involved in the response to a health event. Organiza-

tions, sectors and disciplines were characterized in different ways, making is difficult to find a

standard classifying system for the coding.

Considerations for the evaluation of One Health. Despite an emphasis on the impor-

tance of iterative improvements to collaboration, the implementation of monitoring and eval-

uation activities was one of the major gaps in the reports of One Health collaboration. The

majority of articles reviewed never discussed the evaluation of either the process of collabora-

tion or the resulting outputs or outcomes. This creates a pivotal challenge in understanding
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how to improve One Health operations. It became clear in the literature review that there was

no standard framework for how to evaluate One Health processes [12, 36]. Although networks

and collaborators such as the Network on the Evaluation of One Health are making important

advances, practical evaluation tools are still needed [83]. Some authors from public affairs,

such as Emerson and Nabatchi (2015) et al.[19] have proposed a framework for evaluating out-

puts, outcomes, and what they refer to as “adaptations” of collaborative processes [18,19].

Their work is one of the first to propose an integrated framework that captures collaborative

results at all levels of the system, from the target population to the participating organizations,

and the network as a whole. The results of this scoping review are intended to support the next

steps in supporting One Health evaluation.

A proposed framework for analyzing and reporting on One Health
collaborations

Using the 12 factors uncovered in this review, the authors have outlined a reporting framework

(Table 9) that may help practitioners consider their activities in light of important collaborative

starting conditions and process-based factors. The researchers propose this to the One Health

Table 9. A proposed reporting framework based on the 12 identified factors.

Multisectoral Event/ Activity:_________________________________________________________
Organizations that participated:
Disciplines represented:
�Discipline is defined as a branch of knowledge (e.g. economics, virology, epidemiology, law, clinical medicine, vector biology).
Objectives of the collaboration (if available):

Starting Conditions:

Describe the following factors as they existed prior to the health event/activity:

•Human resources available
Disciplines and levels of technical or collaborative training in place

• Structures in place
network and/or organizational structures (ie. MCMs, MOUs, Policies, Protocols, technical systems, etc.)

• Existing relationships
formal and informal as they exist across individuals, organizations or networks

• Resources available
resources readily available and accessible

• Political Environment
how this influenced the One Health system at work

• Other:_______________________________

Successes Challenges

Process-based factors:

Describe the following factors as they existed during the health event/activity:

• Training available
training available and utilized to support the process

• Leadership processes
leadership at the organizational and network level. How did the leaders support effective One Health responses

•Management processes
management processes during the health event

• Communication processes
methods used and engagement of stakeholders

• Resource mobilization
How resources were mobilized?

•Monitoring and evaluation
how were collaborations were evaluated?

• Other:____________________________

Successes Challenges

Output indicators:

What are the measurable effects of the collaborative effort? (eg. number of schistosomiasis educational fliers distributed to community healthcare workers)
Outcome indicators:

What changes are expected as a result of the One Health effort? (eg. reduced incidence of schistosomiasis at the community-level 6 months post campaign)
Suggested improvements for future collaborations:

https://doi.org/10.1371/journal.pone.0224660.t009
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community as a tangible next step that may lead to more effective reporting and potentially

evaluation of One Health efforts in the future. The proposed framework in Table 9 recognizes

that each factor will be operationalized within the context of the health event and that flexibil-

ity in reporting is imperative. This framework may be useful in providing a common language

on how practitioners discuss and report on their One Health efforts.

Lessons in collaboration from a transdisciplinary research team

In the process of conducting this research, the research team encountered many of that same

collaborative challenges as described in the articles reviewed. The research team had to negoti-

ate and re-negotiate ways of working, integrate differing points of view and assign roles in

ways to leverage expertise but not reinforce bias. Additionally, the researchers had to establish

and meet internal standards while also achieving the outward facing objective of finishing the

analysis and writing of this article. Finally, as with any transdisciplinary work, language was

consistently a problem. The inherent challenge of interdisciplinary work is in how we talk

about collaboration and the terminology we use to describe both theory and practice. For the

research team, creating clear definitions supported the development of a common language.

Differing approaches can be a significant barrier when active collaboration is not structur-

ally supported, valued, and continuously monitored for health and effectiveness. Our efforts

reinforce the need for training for those skill sets that fall beyond technical sector-specific

training. When grappling with the question of which skills were most important in our collab-

orative process, we determined that the shared objective of collaboration was the foundation

for our ability to integrate the differing expertise that each team member brought to the pro-

cess. Simply, we took continual action to achieve our combined goal including reading new lit-

erature, considering new frameworks, learning new things, and asking many questions. The

subsequent challenge is, of course, that there are very few formal opportunities to gain access

to training around these competencies and mindsets in One Health teams. Most often, as in

our case, it is an ad hoc process that rests on the motivations, shared values, and time available

within a team to develop in this way. Our review suggests that, while this approach worked for

us, it would not be a time or resource-effective approach within the context of a health emer-

gency. Thus, One Health approaches need to be evaluated to help practitioners decide when

and how to most effectively collaborate for their intended purposes.

Conclusions

Of the 2,630 article abstracts screened, only 179 met initial inclusion criteria and the full

research articles were obtained. Of that subset of articles, only 50 discussed the successes, chal-

lenges and lessons learned from operational One Health response to a health event. A majority

of the articles focused broadly on the need for collaboration between multiple sectors or disci-

plines with little attention to what factors enable an effective One Health response effort. The

low number of included articles reflects a broader challenge for the One Health community,

suggesting the necessity that One Health researchers move beyond discussing the inherent

need for One Health, to actually reporting on the processes, outputs and outcomes of their col-

laborative efforts. As such, no consistent framework or language was found to report on the

process, outputs or the outcomes of One Health work in the articles reviewed. In the analysis,

the research uncovered 12 factors that supported successful health event response. The

researchers were able to make important advances by characterizing these factors as important

at the start of collaboration or relevant to the process of collaboration. Using these 12 factors,

the researchers propose a One Health reporting framework which when used to report on One

Health collaborations, can support the further refinement and identification of success factors
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for One Health. These factors may serve as the basis for developing evaluation metrics and the

iterative improvement of One Health processes around the globe.

This publication is made possible by the generous support of the American people through

the United States Agency for International Development (USAID). The contents are the

responsibility of the authors and do not necessarily reflect the views of USAID or the United

States Government.

Supporting information

S1 File. PRISMA 2009 checklist.

(DOC)

Author Contributions

Conceptualization: Kaylee Myhre Errecaborde, Katelyn Wuebbolt Macy, Francesca

Contadini.

Data curation: Kaylee Myhre Errecaborde, Katelyn Wuebbolt Macy, Amy Pekol, Sol Perez,

Mary Katherine O’Brien, Ian Allen, Francesca Contadini, Julia Yeri Lee.

Formal analysis: Kaylee Myhre Errecaborde, Katelyn Wuebbolt Macy, Amy Pekol, Sol Perez,

Mary Katherine O’Brien, Ian Allen.

Funding acquisition: Katharine Pelican.

Investigation: Kaylee Myhre Errecaborde, Amy Pekol, Sol Perez, Mary Katherine O’Brien, Ian

Allen.

Methodology: Kaylee Myhre Errecaborde, Katelyn Wuebbolt Macy, Amy Pekol, Sol Perez,

Mary Katherine O’Brien, Ian Allen, Francesca Contadini.

Project administration: Katelyn Wuebbolt Macy.

Supervision: Elizabeth Mumford, Jeff B. Bender, Katharine Pelican.

Validation: Amy Pekol, Mary Katherine O’Brien.

Visualization: Kaylee Myhre Errecaborde, Sol Perez, Mary Katherine O’Brien, Ian Allen.

Writing – original draft: Kaylee Myhre Errecaborde, Katelyn Wuebbolt Macy, Amy Pekol,

Sol Perez, Mary Katherine O’Brien, Ian Allen.

Writing – review & editing: Francesca Contadini, Julia Yeri Lee, Elizabeth Mumford, Jeff B.

Bender, Katharine Pelican.

References
1. Wurapa F, Afari E, Ohuabunwo C, Sackey S, Clerk C, Kwadje S, et al. One Health concept for strength-

ening public health surveillance and response through Field Epidemiology and Laboratory Training in
Ghana. Pan Afr Med J [Internet]. 2011; 10 Supp 1:6. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/22359694

2. Frankson R, HuestonW, Christian K, Olson D, Lee M, Valeri L, et al. One Health Core Competency
Domains. Front public Heal [Internet]. 2016; 4(September):192. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/27679794%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=
PMC5020065

3. King NB. Security, Disease, Commerce. Soc Stud Sci [Internet]. 2002 Dec 29 [cited 2018 Jul 21]; 32(5–
6):763–89. Available from: http://journals.sagepub.com/doi/10.1177/030631270203200507

Factors that enable One Health collaboration: A scoping review

PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 19 / 24

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224660.s001
http://www.ncbi.nlm.nih.gov/pubmed/22359694
http://www.ncbi.nlm.nih.gov/pubmed/22359694
http://www.ncbi.nlm.nih.gov/pubmed/27679794%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5020065
http://www.ncbi.nlm.nih.gov/pubmed/27679794%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5020065
http://www.ncbi.nlm.nih.gov/pubmed/27679794%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC5020065
http://journals.sagepub.com/doi/10.1177/030631270203200507
https://doi.org/10.1371/journal.pone.0224660


4. Hamilton K, Nutter F, Olson DK, Steele J. USAID RESPOND project’s global one health core compe-
tencies and one health modules. Ann Glob Heal [Internet]. 2015 Jan 12 [cited 2018 Jul 21]; 81(1):150–
1. Available from: http://linkinghub.elsevier.com/retrieve/pii/S2214999615008504

5. Barrett MA, Bouley TA, Stoertz AH, Stoertz RW. Integrating a One Health approach in education to
address global health and sustainability challenges. Front Ecol Environ [Internet]. 2011 May [cited 2018
Jul 21]; 9(4):239–45. Available from: http://doi.wiley.com/10.1890/090159

6. Mackenzie JS, McKinnonM, JeggoM. One Health: FromConcept to Practice. In: Confronting Emerging
Zoonoses [Internet]. Tokyo: Springer Japan; 2014 [cited 2018 Jul 22]. p. 163–89. Available from: http://
link.springer.com/10.1007/978-4-431-55120-1_8

7. Degeling C, Johnson J, Kerridge I, Wilson A, Ward M, Stewart C, et al. Implementing a One Health
approach to emerging infectious disease: reflections on the socio-political, ethical and legal dimensions.
BMC Public Health [Internet]. 2015 Dec 29 [cited 2018 Jul 27]; 15(1):1307. Available from: http://www.
biomedcentral.com/1471-2458/15/1307

8. Bidaisee S, Macpherson CNL. Zoonoses and One Health: A Review of the Literature. J Parasitol Res
[Internet]. 2014 [cited 2018 Sep 27]; 2014:1–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
24634782

9. Friedman J. Global Systems, Globalization, and Anthropological Theory. In: Frontiers of Globalization
Research [Internet]. Boston, MA: Springer US; 2007 [cited 2018 Sep 27]. p. 109–32. Available from:
http://link.springer.com/10.1007/978-0-387-33596-4_4

10. OIE-WHO.WHO-OIE Operational Framework for Good governance at the human-animal interface
[Internet]. 2014. Available from: http://www.who.int/ihr/publications/WHO-OIE_Operational_
Framework.pdf?ua=1

11. Berthe FCJ, Bouley T, KareshWB, Le Gall FG, Machalaba CC, Plante CA, et al. Operational framework
for strengthening human, animal and environmental public health systems at their interface [Internet].
2018 [cited 2018 Oct 16]. p. 1–152. Available from: http://documents.worldbank.org/curated/en/
703711517234402168/Operationalframework-for-strengthening-human-animal-and-environmental-
public-health-systems-attheir-interface

12. K.M E, C R, Travis D, Ragan V, Potter T, Pekol A, et al. Evaluating One Health: The Role of Team Sci-
ence in Multidisciplinary Collaborationitle. Rev Sci Tech Int Off Epizoot. 2019;

13. Bryson JM, Crosby BC, Stone MM. Designing and Implementing Cross-Sector Collaborations: Needed
andChallenging. Public AdmRev [Internet]. 2015 Sep [cited 2018 Jul 21]; 75(5):647–63. Available
from: http://doi.wiley.com/10.1111/puar.12432

14. Salas E, Sims DE, Burke CS. Is there a “Big Five” in Teamwork? Small Gr Res [Internet]. 2005 Oct 18
[cited 2018 Jul 27]; 36(5):555–99. Available from: http://journals.sagepub.com/doi/10.1177/
1046496405277134

15. Selsky JW, Parker B. Cross-Sector Partnerships to Address Social Issues: Challenges to Theory and
Practice. J Manage [Internet]. 2005 Dec 1 [cited 2018 Jul 21]; 31(6):849–73. Available from: http://
journals.sagepub.com/doi/10.1177/0149206305279601

16. Bryson JM, Crosby BC, Stone MM. The Design and Implementation of Cross-Sector Collaborations:
Propositions from the Literature. Public Adm Rev [Internet]. 2006 Dec [cited 2018 Jul 21]; 66(s1):44–55.
Available from: http://doi.wiley.com/10.1111/j.1540-6210.2006.00665.x

17. Ansell C, Gash A. Collaborative Governance in Theory and Practice. J Public Adm Res Theory [Inter-
net]. 2007 Oct 17 [cited 2018 Jul 21]; 18(4):543–71. Available from: https://academic.oup.com/jpart/
article-lookup/doi/10.1093/jopart/mum032

18. Emerson K, Nabatchi T, Balogh S. An Integrative Framework for Collaborative Governance. J Public
Adm Res Theory [Internet]. 2012 Jan 1 [cited 2018 Jul 21]; 22(1):1–29. Available from: https://
academic.oup.com/jpart/articlelookup/doi/10.1093/jopart/mur011

19. Emerson K, Nabatchi T. Evaluating the Productivity of Collaborative Governance Regimes: A Perfor-
manceMatrix. Public PerformManag Rev [Internet]. 2015 Oct 2 [cited 2018 Jul 21]; 38(4):717–47.
Available from: http://www.tandfonline.com/doi/full/10.1080/15309576.2015.1031016

20. Nancarrow SA, Booth A, Ariss S, Smith T, Enderby P, Roots A. Ten principles of good interdisciplinary
teamwork. HumResour Health [Internet]. 2013 Dec 10 [cited 2018 Jul 27]; 11(1):19. Available from:
http://human-resourceshealth.biomedcentral.com/articles/10.1186/1478-4491-11-19

21. Schmitt M, Blue A, Aschenbrener CA, Viggiano TR. Core Competencies for Interprofessional Collabo-
rative Practice: Reforming Health Care by Transforming Health Professionals’ Education. AcadMed
[Internet]. 2011 Nov [cited 2018 Sep 27]; 86(11):1351. Available from: http://insights.ovid.com/
crossref?an=00001888-201111000-00025 PMID: 22030650

22. Provan KG, Kenis P. Modes of Network Governance: Structure, Management, and Effectiveness. J
Public AdmRes Theory [Internet]. 2007 Jun 29 [cited 2018 Jul 21]; 18(2):229–52. Available from:
https://academic.oup.com/jpart/articlelookup/doi/10.1093/jopart/mum015

Factors that enable One Health collaboration: A scoping review

PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 20 / 24

http://linkinghub.elsevier.com/retrieve/pii/S2214999615008504
http://doi.wiley.com/10.1890/090159
http://link.springer.com/10.1007/978-4-431-55120-1_8
http://link.springer.com/10.1007/978-4-431-55120-1_8
http://www.biomedcentral.com/1471-2458/15/1307
http://www.biomedcentral.com/1471-2458/15/1307
http://www.ncbi.nlm.nih.gov/pubmed/24634782
http://www.ncbi.nlm.nih.gov/pubmed/24634782
http://link.springer.com/10.1007/978-0-387-33596-4_4
http://www.who.int/ihr/publications/WHO-OIE_Operational_Framework.pdf?ua=1
http://www.who.int/ihr/publications/WHO-OIE_Operational_Framework.pdf?ua=1
http://documents.worldbank.org/curated/en/703711517234402168/Operationalframework-for-strengthening-human-animal-and-environmental-public-health-systems-attheir-interface
http://documents.worldbank.org/curated/en/703711517234402168/Operationalframework-for-strengthening-human-animal-and-environmental-public-health-systems-attheir-interface
http://documents.worldbank.org/curated/en/703711517234402168/Operationalframework-for-strengthening-human-animal-and-environmental-public-health-systems-attheir-interface
http://doi.wiley.com/10.1111/puar.12432
http://journals.sagepub.com/doi/10.1177/1046496405277134
http://journals.sagepub.com/doi/10.1177/1046496405277134
http://journals.sagepub.com/doi/10.1177/0149206305279601
http://journals.sagepub.com/doi/10.1177/0149206305279601
http://doi.wiley.com/10.1111/j.1540-6210.2006.00665.x
https://academic.oup.com/jpart/article-lookup/doi/10.1093/jopart/mum032
https://academic.oup.com/jpart/article-lookup/doi/10.1093/jopart/mum032
https://academic.oup.com/jpart/articlelookup/doi/10.1093/jopart/mur011
https://academic.oup.com/jpart/articlelookup/doi/10.1093/jopart/mur011
http://www.tandfonline.com/doi/full/10.1080/15309576.2015.1031016
http://human-resourceshealth.biomedcentral.com/articles/10.1186/1478-4491-11-19
http://insights.ovid.com/crossref?an=00001888-201111000-00025
http://insights.ovid.com/crossref?an=00001888-201111000-00025
http://www.ncbi.nlm.nih.gov/pubmed/22030650
https://academic.oup.com/jpart/articlelookup/doi/10.1093/jopart/mum015
https://doi.org/10.1371/journal.pone.0224660


23. HuxhamC, Vangen S (Siv E. Managing to collaborate: the theory and practice of collaborative advan-
tage [Internet]. Routledge; 2005 [cited 2018 Jul 21]. 271 p. Available from: https://openlibrary.org/
books/OL3293753M/Managing_to_collaborate

24. Kania J, Kramer M. Embracing Emergence: How Collective Impact Addresses Complexity. 2013 [cited
2018 Jul 21]; Available from: www.ssireview.org

25. Peterson J, Pearce PF, Ferguson LA, Langford CA. Understanding scoping reviews. J Am Assoc Nurse
Pract [Internet]. 2017 Jan [cited 2018 Oct 16]; 29(1):12–6. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/27245885 PMID: 27245885

26. Arksey H, O’Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol
[Internet]. 2005 Feb [cited 2018 Sep 27]; 8(1):19–32. Available from: http://www.tandfonline.com/doi/
abs/10.1080/1364557032000119616

27. Colquhoun HL, Levac D, O’Brien KK, Straus S, Tricco AC, Perrier L, et al. Scoping reviews: time for
clarity in definition, methods, and reporting. J Clin Epidemiol [Internet]. 2014 Dec [cited 2018 Sep 27];
67(12):1291–4. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25034198 PMID: 25034198

28. VERBI Software. MAXQDA 2018. Berlin: VERBI Software, 2017.

29. Merriam SB, Tisdell EJ. Qualitative research: a guide to design and implementation [Internet]. [cited
2018 Jul 21]. 346 p. Available from: https://www.wiley.com/enus/Qualitative+Research%3A+A+Guide
+to+Design+and+Implementation%2C+4th+Edition-p-9781119003618

30. Glaser B, A. S. The discovery of grounded theory. Aldine. Chicago: Aldine; 1967.

31. Sopirala MM, Yahle-Dunbar L, Smyer J, Wellington L, Dickman J, Zikri N, et al. Infection Control Link
Nurse Program: An interdisciplinary approach in targeting health care-acquired infection. Am J Infect
Control [Internet]. 2014 Apr [cited 2018 Oct 16]; 42(4):353–9. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/24548456 PMID: 24548456

32. Multidisciplinary investigation of a multicountry outbreak of Salmonella Stanley infections associated
with turkey meat in the European Union, August 2011 to January 2013. Euro Surveill [Internet]. 2014
May 15;19(19). Available from: http://www.ncbi.nlm.nih.gov/pubmed/24852954

33. Sanneh ES, Hu AH, Njai M, Ceesay OM, Manjang B. Making Basic Health Care Accessible to Rural
Communities: A Case Study of KiangWest District in Rural Gambia. Public Health Nurs [Internet]. 2014
Mar; 31(2):126–33. Available from: http://doi.wiley.com/10.1111/phn.12057 PMID: 24588131

34. Henderson DM, Staiger TO, Peterson GN, SinananMN, Angiulo CL, Makarewicz VA, et al. A Collabora-
tive, Systems-Level Approach to Eliminating Healthcare-Associated MRSA, Central-Line–Associated
Bloodstream Infections, Ventilator-Associated Pneumonia, and Respiratory Virus Infections. J Healthc
Qual [Internet]. 2012 Sep; 34(5):39–47. Available from: http://content.wkhealth.com/linkback/openurl?
sid=WKPTLP:landingpage&an=01445442-201209000-00005 PMID: 22860887

35. Allen M. The SAGE Encyclopedia of Communication Research Methods [Internet]. 2455 Teller Road,
Thousand Oaks California 91320: SAGE Publications, Inc; 2017 [cited 2018 Sep 27]. Available from:
http://methods.sagepub.com/reference/the-sage-encyclopedia-ofcommunication-research-methods.

36. Errecaborde KM, Rist C, Travis D, Ragan V, Potter T, Pekol A, Pelican K, Dutcher T. Evaluating One
Health: The role of team science in multisectoral collaboration. Rev. Sci. Tech. Off. Int. Epiz. 2019, 38
(1), 279–289.

37. Burkle FM. Global Health Security Demands a Strong International Health Regulations Treaty and
Leadership From a Highly ResourcedWorld Health Organization. Disaster Med Public Health Prep
[Internet]. 2015 Oct 18; 9(5):568–80. Available from: http://www.journals.cambridge.org/abstract_
S1935789315000269 PMID: 25690046

38. Dearinger AT, Howard A, Ingram R,Wilding S, Scutchfield D, Pearce KA, et al. Communication efforts
among local health departments and health care professionals during the 2009 H1N1 outbreak. J Public
Health Manag Pract [Internet]. 2011; 17(1):45–51. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/21135660 PMID: 21135660

39. Dewan PK. Improving tuberculosis control through public-private collaboration in India: literature review.
BMJ [Internet]. 2006 Mar 11; 332(7541):574–8. Available from: http://www.bmj.com/cgi/doi/10.1136/
bmj.38738.473252.7C PMID: 16467347

40. Dunn J, Pryor J, Saketa S, Delai W, Buadromo E, Kishore K, et al. Laboratory-based Salmonella sur-
veillance in Fiji, 2004–2005. Pac Health Dialog. 2005 Sep; 12(2):53–9. PMID: 18181494

41. Kakar F, Ahmadzai AH, Habib N, Taqdeer A, Hartman AF. A successful response to an outbreak of
cholera in Afghanistan. Trop Doct. 2008 Jan; 38(1):17–20. https://doi.org/10.1258/td.2006.006336
PMID: 18302855

42. Kolaczinski J, Webster J. Malaria control in complex emergencies: the example of East Timor. Trop
Med Int Health [Internet]. 2003 Jan; 8(1):48–55. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
12535250 PMID: 12535250

Factors that enable One Health collaboration: A scoping review

PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 21 / 24

https://openlibrary.org/books/OL3293753M/Managing_to_collaborate
https://openlibrary.org/books/OL3293753M/Managing_to_collaborate
http://www.ssireview.org
http://www.ncbi.nlm.nih.gov/pubmed/27245885
http://www.ncbi.nlm.nih.gov/pubmed/27245885
http://www.ncbi.nlm.nih.gov/pubmed/27245885
http://www.tandfonline.com/doi/abs/10.1080/1364557032000119616
http://www.tandfonline.com/doi/abs/10.1080/1364557032000119616
http://www.ncbi.nlm.nih.gov/pubmed/25034198
http://www.ncbi.nlm.nih.gov/pubmed/25034198
https://www.wiley.com/enus/Qualitative+Research%3A+A+Guide+to+Design+and+Implementation%2C+4th+Edition-p-9781119003618
https://www.wiley.com/enus/Qualitative+Research%3A+A+Guide+to+Design+and+Implementation%2C+4th+Edition-p-9781119003618
http://www.ncbi.nlm.nih.gov/pubmed/24548456
http://www.ncbi.nlm.nih.gov/pubmed/24548456
http://www.ncbi.nlm.nih.gov/pubmed/24548456
http://www.ncbi.nlm.nih.gov/pubmed/24852954
http://doi.wiley.com/10.1111/phn.12057
http://www.ncbi.nlm.nih.gov/pubmed/24588131
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=01445442-201209000-00005
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=01445442-201209000-00005
http://www.ncbi.nlm.nih.gov/pubmed/22860887
http://methods.sagepub.com/reference/the-sage-encyclopedia-ofcommunication-research-methods
http://www.journals.cambridge.org/abstract_S1935789315000269
http://www.journals.cambridge.org/abstract_S1935789315000269
http://www.ncbi.nlm.nih.gov/pubmed/25690046
http://www.ncbi.nlm.nih.gov/pubmed/21135660
http://www.ncbi.nlm.nih.gov/pubmed/21135660
http://www.ncbi.nlm.nih.gov/pubmed/21135660
http://www.bmj.com/cgi/doi/10.1136/bmj.38738.473252.7C
http://www.bmj.com/cgi/doi/10.1136/bmj.38738.473252.7C
http://www.ncbi.nlm.nih.gov/pubmed/16467347
http://www.ncbi.nlm.nih.gov/pubmed/18181494
https://doi.org/10.1258/td.2006.006336
http://www.ncbi.nlm.nih.gov/pubmed/18302855
http://www.ncbi.nlm.nih.gov/pubmed/12535250
http://www.ncbi.nlm.nih.gov/pubmed/12535250
http://www.ncbi.nlm.nih.gov/pubmed/12535250
https://doi.org/10.1371/journal.pone.0224660


43. Nicoll A. Pandemic risk prevention in European countries: role of the ECDC in preparing for pandemics.
Bundesgesundheitsblatt—Gesundheitsforsch—Gesundheitsschutz [Internet]. 2010 Dec 1; 53
(12):1267–76. Available from: http://link.springer.com/10.1007/s00103-010-1163-3

44. Tsang T, Lam TH. SARS: public health measures in Hong Kong. Respirology [Internet]. 2003 Nov; 8
Suppl:S46–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15018134

45. Williams D, Begg A, Burgess K, Hider M, Jennings L, Martin-Smith M, et al. Influenza H1N1 2009 in
Canterbury: a case study in pandemic response co-ordination. J Prim Health Care [Internet]. 2010 Dec
1; 2(4):323–9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21125074 PMID: 21125074

46. Arya SC, Rajagopal S, Agarwal N, Kaushik M, Maheshwari P, Agarwal S, et al. Private sector hospital
response to the 2003 dengue outbreak in the Indian capital metropolis of Delhi. Am J Infect Control
[Internet]. 2004 Dec; 32(8):489–92. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15573056

47. Bergeron SM, Cameron S, Armstrong-StassenM, Pare K. Diverse implications of a national health cri-
sis: A qualitative exploration of community nurses’ SARS experiences. Can J Nurs Res [Internet]. 2006
Jun; 38(2):42–54. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16871849 PMID: 16871849

48. Cassady JD, Higgins C, Mainzer HM, Seys SA, Sarisky J, CallahanM, et al. Beyond compliance: envi-
ronmental health problem solving, interagency collaboration, and risk assessment to prevent water-
borne disease outbreaks. J Epidemiol Community Health. 2006 Aug; 60(8):672–4. https://doi.org/10.
1136/jech.2005.040394 PMID: 16840755

49. Kimball AM, Moore M, French HM, Arima Y, Ungchusak K, Wibulpolprasert S, et al. Regional Infectious
Disease Surveillance Networks and their Potential to Facilitate the Implementation of the International
Health Regulations. Med Clin North Am [Internet]. 2008 Nov; 92(6):1459–71. Available from: http://
linkinghub.elsevier.com/retrieve/pii/S0025712508000916 PMID: 19061762

50. El Arifeen S, Christou A, Reichenbach L, Osman FA, Azad K, Islam KS, et al. Community-based
approaches and partnerships: innovations in health-service delivery in Bangladesh. Lancet (London,
England). 2013 Dec; 382(9909):2012–26. https://doi.org/10.1016/S0140-6736(13)62149-2 PMID:
24268607

51. Alders R, Awuni JA, Bagnol B, Farrell P, de Haan N. Impact of Avian Influenza on Village Poultry Pro-
duction Globally. Ecohealth [Internet]. 2013 Oct 18 [cited 2017 Mar 2]; 11(1):63–72. Available from:
http://link.springer.com/10.1007/s10393-013-0867-x PMID: 24136383

52. Abubakar A, Azman AS, Rumunu J, Ciglenecki I, Helderman T, West H, et al. The First Use of the
Global Oral Cholera Vaccine Emergency Stockpile: Lessons from South Sudan. PLOSMed [Internet].
2015 Nov 17; 12(11):e1001901. Available from: https://plos.org/10.1371/journal.pmed.1001901 PMID:
26576044

53. AllenW, Ogilvie S, Blackie H, Smith D, SamS, Doherty J, et al. Bridging disciplines, knowledge systems
and cultures in pest management. Environ Manage. 2014 Feb; 53(2):429–40. https://doi.org/10.1007/
s00267-013-0180-z PMID: 24122099

54. Kaji A, Thi SS, Smith T, Charunwatthana P, Nosten FH. Challenges in tackling tuberculosis on the Thai-
Myanmar border: findings from a qualitative study with health professionals. BMCHealth Serv Res
[Internet]. 2015 Oct 9; 15:464. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26450607 PMID:
26450607

55. Olson CA, Tooman TR, Alvarado CJ. Knowledge systems, health care teams, and clinical practice: a
study of successful change. Adv Heal Sci Educ [Internet]. 2010 Oct 13; 15(4):491–516. Available from:
http://link.springer.com/10.1007/s10459-009-9214-y

56. Dwyer DE, Kirkland PD. Influenza: One Health in action. N SWPublic Health Bull [Internet]. 2011 Jul;
22(6):123. Available from: http://phrp.com.au/issues/volume-22issue-5-6/influenza-one-health-in-
action/

57. Filice CE, Vaca FE, Curry L, Platis S, Lurie N, Bogucki S. Pandemic Planning and Response in Aca-
demic Pediatric Emergency Departments During the 2009 H1N1 Influenza Pandemic. Shah MN, editor.
Acad EmergMed [Internet]. 2013 Jan; 20(1):54–62. Available from: http://doi.wiley.com/10.1111/acem.
12061 PMID: 23570479

58. Willis J. Metro Atlanta responds toWest Nile virus: a coordinated public health response. Ethn Dis
[Internet]. 2005; 15(2 Suppl 2):S49–51. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15822839

59. Wynn A, Moore KM. Integration of primary health care and public health during a public health emer-
gency. Am J Public Health [Internet]. 2012 Nov; 102(11):e9–12. Available from: http://ajph.
aphapublications.org/doi/10.2105/AJPH.2012.300957 PMID: 22994249

60. Adams EH, Scanlon E, Callahan JJ, Carney MT. Utilization of an Incident Command System for a Pub-
lic Health Threat. J Public Heal Manag Pract [Internet]. 2010 Jul [cited 2018 Oct 16]; 16(4):309–15.
Available from: http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=
00124784-201007000-00006

Factors that enable One Health collaboration: A scoping review

PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 22 / 24

http://link.springer.com/10.1007/s00103-010-1163-3
http://www.ncbi.nlm.nih.gov/pubmed/15018134
http://www.ncbi.nlm.nih.gov/pubmed/21125074
http://www.ncbi.nlm.nih.gov/pubmed/21125074
http://www.ncbi.nlm.nih.gov/pubmed/15573056
http://www.ncbi.nlm.nih.gov/pubmed/16871849
http://www.ncbi.nlm.nih.gov/pubmed/16871849
https://doi.org/10.1136/jech.2005.040394
https://doi.org/10.1136/jech.2005.040394
http://www.ncbi.nlm.nih.gov/pubmed/16840755
http://linkinghub.elsevier.com/retrieve/pii/S0025712508000916
http://linkinghub.elsevier.com/retrieve/pii/S0025712508000916
http://www.ncbi.nlm.nih.gov/pubmed/19061762
https://doi.org/10.1016/S0140-6736(13)62149-2
http://www.ncbi.nlm.nih.gov/pubmed/24268607
http://link.springer.com/10.1007/s10393-013-0867-x
http://www.ncbi.nlm.nih.gov/pubmed/24136383
https://plos.org/10.1371/journal.pmed.1001901
http://www.ncbi.nlm.nih.gov/pubmed/26576044
https://doi.org/10.1007/s00267-013-0180-z
https://doi.org/10.1007/s00267-013-0180-z
http://www.ncbi.nlm.nih.gov/pubmed/24122099
http://www.ncbi.nlm.nih.gov/pubmed/26450607
http://www.ncbi.nlm.nih.gov/pubmed/26450607
http://link.springer.com/10.1007/s10459-009-9214-y
http://phrp.com.au/issues/volume-22issue-5-6/influenza-one-health-in-action/
http://phrp.com.au/issues/volume-22issue-5-6/influenza-one-health-in-action/
http://doi.wiley.com/10.1111/acem.12061
http://doi.wiley.com/10.1111/acem.12061
http://www.ncbi.nlm.nih.gov/pubmed/23570479
http://www.ncbi.nlm.nih.gov/pubmed/15822839
http://ajph.aphapublications.org/doi/10.2105/AJPH.2012.300957
http://ajph.aphapublications.org/doi/10.2105/AJPH.2012.300957
http://www.ncbi.nlm.nih.gov/pubmed/22994249
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00124784-201007000-00006
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00124784-201007000-00006
https://doi.org/10.1371/journal.pone.0224660


61. Morgan D. One Health in action: the work of the HAIRS group. Vet Rec [Internet]. 2014 Jul 19; 175
(3):61–3. Available from: http://veterinaryrecord.bmj.com/cgi/doi/10.1136/vr.g3641 PMID: 25034681

62. Goddard NL, Delpech VC, Watson JM, ReganM, Nicoll A. Lessons learned from SARS: The experi-
ence of the Health Protection Agency, England. Public Health [Internet]. 2006 Jan; 120(1):27–32. Avail-
able from: http://linkinghub.elsevier.com/retrieve/pii/S0033350605002386 PMID: 16297417

63. Lee SH. The SARS epidemic in Hong Kong—a human calamity in the 21st century. Methods Inf Med
[Internet]. 2005; 44(2):293–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/15924195 PMID:
15924195

64. Wielinga PR, Schlundt J. Food Safety: at the center of a One Health approach for combating zoonoses.
Curr TopMicrobiol Immunol [Internet]. 2013; 366:3–17. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/22763857 PMID: 22763857

65. Williams HA, Dunville RL, Gerber SI, Erdman DD, Pesik N, Kuhar D, et al. CDC’s Early Response to a
Novel Viral Disease, Middle East Respiratory Syndrome Coronavirus (MERS-CoV), September 2012-
May 2014. Public Health Rep [Internet]. 2015; 130(4):307–17. Available from: http://www.ncbi.nlm.nih.
gov/pubmed/26345122 PMID: 26345122

66. Guzman-Herrador BR, Nilsen E, Cudjoe KS, Jensvoll L, Kvamme JM, Lindegård Aanstad A, et al. A
Shigella sonnei outbreak traced to imported basil—the importance of good typing tools and produce
traceability systems, Norway, 2011. Euro Surveill [Internet]. 2013 Dec 5; 18(49). Available from: http://
www.ncbi.nlm.nih.gov/pubmed/24330943

67. Lai AY. Organizational Collaborative Capacity in Fighting Pandemic Crises. Asia Pacific J Public Heal
[Internet]. 2012 Jan; 24(1):7–20. Available from: http://journals.sagepub.com/doi/10.1177/
1010539511429592

68. Landford J, Nunn M. Good governance in “one health” approaches. Rev Sci Tech [Internet]. 2012 Aug;
31(2):561–75. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23413734 PMID: 23413734

69. Reaves EJ, Mabande LG, Thoroughman DA, Arwady MA, Montgomery JM. Control of Ebola virus dis-
ease—firestone district, liberia, 2014. MMWRMorb Mortal Wkly Rep [Internet]. 2014 Oct 24; 63
(42):959–65. Available from: http://www.ncbi.nlm.nih.gov/pubmed/25340914 PMID: 25340914

70. Butler JC, CohenML, Friedman CR, Scripp RM,Watz CG. Collaboration between public health and law
enforcement: new paradigms and partnerships for bioterrorism planning and response. Emerg Infect
Dis [Internet]. 2002 Oct; 8(10):1152–6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12396931
PMID: 12396931

71. Kamradt-Scott A, Harman S, WenhamC, Smith F 3rd. Civil-military cooperation in Ebola and beyond.
Lancet (London, England). 2016 Jan; 387(10014):104–5. https://doi.org/10.1016/S0140-6736(15)
01128-9 PMID: 26841981

72. Chua KB. Epidemiology, surveillance and control of Nipah virus infections in Malaysia. Malays J Pathol
[Internet]. 2010 Dec; 32(2):69–73. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21329176
PMID: 21329176

73. Foley-Nolan C, Buckley J, O’Sullivan E, Cryan B. United front—veterinary and medical collaboration. Ir
Med J [Internet]. 1998; 91(3):95–6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9695431

74. Chretien J-P, Glass JS, Coldren RC, Noah DL, Hyer RN, Gaydos JC, et al. Department of Defense
Global Emerging Infections Surveillance and Response System Indian Ocean tsunami response. Mil
Med. 2006 Oct; 171(10 Suppl 1):12–4.

75. Rudge S, Massey PD. Responding to pandemic (H1N1) 2009 influenza in Aboriginal communities in
NSW through collaboration between NSWHealth and the Aboriginal community-controlled health sec-
tor. N SWPublic Health Bull [Internet]. 2010; 21(2):26. Available from: http://phrp.com.au/issues/
volume-21-issue-1-2/responding-to-pandemich1n1-2009-influenza-in-aboriginal-communities-in-nsw-
through-collaboration-betweennsw-health-and-the-aboriginal-community-controlled-health-sector/

76. Kinross P, van Alphen L, Martinez Urtaza J, StruelensM, Takkinen J, Coulombier D, et al. Multidisciplin-
ary investigation of a multicountry outbreak of Salmonella Stanley infections associated with turkey
meat in the European Union, August 2011 to January 2013. Euro Surveill [Internet]. 2014 May 15 [cited
2018 Oct 30]; 19(19). Available from: http://www.ncbi.nlm.nih.gov/pubmed/24852954

77. Vong S, O’Leary M, Feng Z. Early response to the emergence of influenza A(H7N9) virus in humans in
China: the central role of prompt information sharing and public communication. Bull World Health
Organ [Internet]. 2014 Apr 1; 92(4):303–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/
24700999 PMID: 24700999

78. Staes CJ,Wuthrich A, Gesteland P, Allison MA, Leecaster M, Shakib JH, et al. Public Health Communi-
cation with Frontline Clinicians During the First Wave of the 2009 Influenza Pandemic. J Public Heal
Manag Pract [Internet]. 2011; 17(1):36–44. Available from:http://content.wkhealth.com/linkback/
openurl?sid=WKPTLP:landingpage&an=00124784201101000-00006

Factors that enable One Health collaboration: A scoping review

PLOSONE | https://doi.org/10.1371/journal.pone.0224660 December 4, 2019 23 / 24

http://veterinaryrecord.bmj.com/cgi/doi/10.1136/vr.g3641
http://www.ncbi.nlm.nih.gov/pubmed/25034681
http://linkinghub.elsevier.com/retrieve/pii/S0033350605002386
http://www.ncbi.nlm.nih.gov/pubmed/16297417
http://www.ncbi.nlm.nih.gov/pubmed/15924195
http://www.ncbi.nlm.nih.gov/pubmed/15924195
http://www.ncbi.nlm.nih.gov/pubmed/22763857
http://www.ncbi.nlm.nih.gov/pubmed/22763857
http://www.ncbi.nlm.nih.gov/pubmed/22763857
http://www.ncbi.nlm.nih.gov/pubmed/26345122
http://www.ncbi.nlm.nih.gov/pubmed/26345122
http://www.ncbi.nlm.nih.gov/pubmed/26345122
http://www.ncbi.nlm.nih.gov/pubmed/24330943
http://www.ncbi.nlm.nih.gov/pubmed/24330943
http://journals.sagepub.com/doi/10.1177/1010539511429592
http://journals.sagepub.com/doi/10.1177/1010539511429592
http://www.ncbi.nlm.nih.gov/pubmed/23413734
http://www.ncbi.nlm.nih.gov/pubmed/23413734
http://www.ncbi.nlm.nih.gov/pubmed/25340914
http://www.ncbi.nlm.nih.gov/pubmed/25340914
http://www.ncbi.nlm.nih.gov/pubmed/12396931
http://www.ncbi.nlm.nih.gov/pubmed/12396931
https://doi.org/10.1016/S0140-6736(15)01128-9
https://doi.org/10.1016/S0140-6736(15)01128-9
http://www.ncbi.nlm.nih.gov/pubmed/26841981
http://www.ncbi.nlm.nih.gov/pubmed/21329176
http://www.ncbi.nlm.nih.gov/pubmed/21329176
http://www.ncbi.nlm.nih.gov/pubmed/9695431
http://phrp.com.au/issues/volume-21-issue-1-2/responding-to-pandemich1n1-2009-influenza-in-aboriginal-communities-in-nsw-through-collaboration-betweennsw-health-and-the-aboriginal-community-controlled-health-sector/
http://phrp.com.au/issues/volume-21-issue-1-2/responding-to-pandemich1n1-2009-influenza-in-aboriginal-communities-in-nsw-through-collaboration-betweennsw-health-and-the-aboriginal-community-controlled-health-sector/
http://phrp.com.au/issues/volume-21-issue-1-2/responding-to-pandemich1n1-2009-influenza-in-aboriginal-communities-in-nsw-through-collaboration-betweennsw-health-and-the-aboriginal-community-controlled-health-sector/
http://www.ncbi.nlm.nih.gov/pubmed/24852954
http://www.ncbi.nlm.nih.gov/pubmed/24700999
http://www.ncbi.nlm.nih.gov/pubmed/24700999
http://www.ncbi.nlm.nih.gov/pubmed/24700999
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00124784201101000-00006
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00124784201101000-00006
https://doi.org/10.1371/journal.pone.0224660


79. Witt CJ, BrundageM, Cannon C, Cox K, Clements TE, Cooper ED, et al. Department of DefenseWest
Nile virus surveillance in 2002. Mil Med [Internet]. 2004 Jun; 169(6):421–8. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/15281669 PMID: 15281669

80. Dunston C, McAfee D, Kaiser R, Rakotoarison D, Rambeloson L, Hoang AT, et al. Collaboration, chol-
era, and cyclones: a project to improve point-of-use water quality in Madagascar. Am J Public Health.
2001 Oct; 91(10):1574–6. https://doi.org/10.2105/ajph.91.10.1574 PMID: 11574309

81. Abubakar I, Thomas HL, MorganM, Anderson S, Zenner D, Cosford P. A collaborative strategy to
tackle tuberculosis in England. Lancet [Internet]. 2015 Jan; 385(9965):312–3. Available from: http://
linkinghub.elsevier.com/retrieve/pii/S014067361461638X PMID: 25608753

82. Sehgal S, Dewan PK, Chauhan LS, Sahu S, Wares F, Granich R. Public-private mix TB activities in
Meerut, Uttar Pradesh, North India: delivering dots via collaboration with private providers and non-gov-
ernmental organizations. Indian J Tuberc [Internet]. 2007 Apr; 54(2):79–83. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/17575679 PMID: 17575679
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