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Abstract

The One Health (OH) approach is collaborative, multisectoral, and transdisciplinary, acknowledging the interdependence
among animal, human and environmental health. It has garnered attention within the scientific community, particularly
in response to the rising prevalence and global spread of emerging and re-emerging infectious diseases. Common OH
issues include zoonotic diseases, antimicrobial resistance (AMR), food and water safety, and the human-animal bond.
Among various OH topics, AMR represents a well-described, long-term, complex issue, with a substantial global death toll
and large economic costs. Whereas interdisciplinary and transdisciplinary teamwork seems appropriate to address such
complex challenges, effects on knowledge production are poorly known. In this study, we investigate how the scientific
community mobilizes “One Health.” A comparative bibliometric analysis of OH and AMR research enabled us to assess
the level of transdisciplinary research, identify emerging themes, through a co-occurrence network analysis of keywords,
and disciplines mobilized, through a co-citation network analysis of scientific journals, in research, as well as level of
international collaboration through analysis of co-authorship among countries. We detected a lack of consideration for
non-communicable diseases (e.g., obesity, diabetes, cardiovascular diseases) and the well-being of human and animal
populations in analysis of themes. Furthermore, although many disciplines are involved in OH and AMR research, little
attention was given to social sciences, environmental health, economics, and politics. There was a strong influence of
major global economic powers, including the United States and China, in scientific research on OH and AMR, as well as
substantial collaboration among European countries. The present results indicated that guidelines are needed to address
the mentioned concerns, and specific funds are required for underrepresented countries.

1 Introduction

The One Health (OH) approach consists of a collaborative, multisectoral, and transdisciplinary approach, acknowledg-
ing the interdependence among animal, human and environmental health [1]. Furthermore, the Covid-19 pandemic,
triggered by a virus potentially of animal origin, has renewed interest in OH approaches [2].

In March 2022, the World Health Organization (WHO), the World Organization for Animal Health (OIE), the Food and Agri-
culture Organization of the United Nations (FAQO), and the United Nations Environment Programme (UNEP) signed an agree-
ment to establish a quadripartite OH alliance aimed at enhancing collaboration, communication, capacity, and coordination
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across all sectors responsible for health issues at the interface of humans, animals, and the environment [3]. The Quadripar-
tite Alliance relies on political dialogue to raise awareness among various stakeholders and advocate for inclusion of OH
approaches in regional, national, and international health policy and scientific programs [3]. A high-level One Health expert
panel (OHHLEP) was established in May 2021 with the objective of providing relevant scientific assessment for formulation
of OH health policies [4]. These health policies will strengthen strategic guidance and coordination of OH approaches at the
community, subnational, national, regional, and global levels, plus provide political visibility to these approaches. The OHHLEP
has developed a clear definition [4] of the OH approach: "One Health is an integrated, unifying approach that aims to sustain-
ably balance and optimize the health of people, animals, and ecosystems. It recognizes the health of humans, domestic and
wild animals, plants, and the wider environment (including ecosystems) are closely linked and interdependent. This definition
demonstrates the need for shared and effective governance, communication, collaboration, and coordination across sectors
for implementation of equitable and holistic solutions to address health and environmental challenges. Communities of
researchers worldwide have recognized the need for interdisciplinary collaboration to prevent and control diseases, includ-
ing experts in medicine, life sciences, humanities, social sciences, and engineering [5]. Effects of transdisciplinary research
on both the health sector and society as a whole are obvious, garnering increased attention from policymakers, funding
organizations, and researchers across various disciplines [6-8].

The work of the Quadripartite Alliance has also led to establishment of a Joint Action Plan [9] for 2022 to 2026. This plan
outlines activities to align systems and resources to better prevent, anticipate, detect, and treat health threats collectively,
with the ultimate goal of improving the health of humans, animals, plants, and the environment, while contributing to sus-
tainable development. It focuses on supporting and building capacities in six areas: health systems; emerging or re-emerging
zoonotic epidemics and endemic zoonoses; neglected tropical vector-borne diseases; food safety; antimicrobial resistance;
and the environment.

Among the various topics in OH, antimicrobial resistance (AMR) poses a complex challenge to public health and develop-
ment. Selection of resistant bacteria results primarily from use and misuse of antimicrobials in humans, animals, and plants.
Resistant pathogens can spread from person to person, from humans to animals and vice versa, as well as through animal-
derived foods and the environment [10]. A global action plan on AMR, developed by WHO in 2015, provides a framework
for addressing AMR with various objectives, e.g., improving awareness and understanding of AMR through effective com-
munication, education, and training [11].

Although there is a relatively stabilized policy vision of OH approach, one could question how this vision is reflected in
research. The OH approach to research promotes integrated research, surveillance, control programs, and policy frameworks
[12]. For example, in AMR research, several action plans have called for multi-disciplinary, interdisciplinary transdisciplinary
research [13], although interventions to mitigate AMR—and underlying research—may not need to be cross-sectorial. For
example, antibiotic drug development concerns mostly the human sector [14-16]. In veterinary medicine, one of the most
important issue associated with the use of biocides consists of the selection of resistant bacteria in commensal floras, which
can potentially infect humans. This is especially problematic in the livestock sector, where antibiotics are frequently used for
prophylaxis and metaphylaxis, creating high selective pressure in densely populated farming environments. The spread of
resistant bacteria is facilitated through the food chain and environmental contamination. Regulatory gaps and inadequate
surveillance further exacerbate the problem, along with a lack of training and awareness among farmers about proper anti-
biotic use and resistance management. [17, 18].By studying scientific output produced over the recent years, our objective
is to evaluate levels of interdisciplinarity and transdisciplinary research conducted in the OH space, potential imbalances
between sectors and disciplines, and science leadership in the OH domain across the globe. To do so, a bibliometric analysis
was conducted to summarize large amounts of bibliometric data, and assess the state of intellectual structure and emerg-
ing trends around a research topic [19, 20]. We comparatively assessed scientific production in OH approaches, AMR, and
studies incorporating both OH and AMR. We analyzed research clusters and networks, plus overlaps among OH, AMR and
OH-AMR research.

2 Methods
2.1 Search strategy
A bibliometric analysis was conducted to determine the main themes, disciplines involved in research, influence of

countries, and level of international collaboration on OH, AMR, and on OH and AMR. Themes correspond to the central
subjects or ideas studied in the research, providing insights into research trends and major concerns in a particular
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field of study. Disciplines refer to academic fields or specialties in which research is conducted. The bibliometric
analysis was conducted in 3 stages (data extraction, performance analysis, and network analysis) and applied to OH,
AMR, and both. Bibliometric analysis primarily focuses on information related to the document carrier, which is to
say, the bibliographic information of the documents, and not the specific content within the full text [21].

Data were extracted from the Web of Science (WOS) bibliographic database, with queries created to select docu-
ments related to each study topic. For query creation, multiple keywords related to each topic were selected and
searched for in title, abstract, and keywords of each document available in WOS. For OH approaches, the keywords
"One Health," "environment," "human,” and "animal" were entered into the search engine. For AMR, keywords "anti-
biotic resistance,” "antibacterial resistance,” "antimicrobial resistance,” "drug resistance,” "multidrug resistance," and
"AMR" were used. Finally, for both OH and AMR, the above-mentioned keywords were combined. The queries used
specifically for the WOS search engine are available in the Supplementary Table S1 online. The data were extracted
from 01-01-2018 to 06-09-2023. Extracted data correspond to key characteristics of the literature content, such
as the title, authors, abstracts, authors’ keywords, and publication years. These data enable a quick and systematic
identification of the research status in published literature, as well as clarifying the context within published scientific
research [21]. All types of documents (scientific publications, meeting, abstracts, editorial material) and all types of
languages indexed in WOS database without any restrictions were included in the analysis. All obtained documents
were extracted in plaintext format.

3 Data analysis
3.1 Performance analysis

Performance analysis of extracted data was performed with the bibliometrix package in the RStudio software (Version
4.2.22022-10-31) [22]. This descriptive part includes identification of the total number of publications, number of pub-
lications per year, number of journals, top journals, number of countries and their scientific production, and number
of author keywords for each topic [19]. The function and packages used are available as Supplementary Information.

Maps of scientific production by countries for each study topic were done with QGIS (Version 3.28.2) [23]. The large
number of publications associated with AMR exceeded bibliometrix biblioshiny tool capacity, so a representative ran-
dom sample of 1,000 documents per year (6,000 in total) was used. Each document was considered for all countries of
co-authors (i.e., one publication was considered as many times as the numbers of co-authors). Therefore, the map of
scientific production by countries measures number of authors'appearances by country affiliations [22]. Data on scientific
production by country are available in Supplementary Information (.xIsx file).

3.2 Network analysis

Network analysis was performed with VOSviewer [24]. The software explores various linkages, including co-authorship,
co-occurrence, citation, bibliographic coupling, and co-citation, and represents them as networks [25]. Three key analyses
were performed (keywords co-occurrence, co-citations, and country co-authorship).

The author keywords co-occurrence analysis is based on the principle that words that frequently appear together
have a thematic relationship [19]. This analysis identifies emerging themes or concepts in academic literature for each
study topic, i.e., OH, AMR, and OH-AMR. For each cluster defined by the network of authors keywords co-occurrence,
current themes in scientific research are identified [26]. For our analysis, 100 keywords were displayed with a minimum
occurrence of 5 for each co-occurrence network for each study topic.

The co-citation analysis assumes that two journals are connected when they appear in the reference list of another
publication and that publications frequently co-cited together are thematically similar [19]. For our analysis, we decided to
represent the 50 most co-cited journals on each network for each topic, with a minimum number of citations of 20 journals.
The groups of cited journals identified in VOSviewer corresponded to research specialties and enabled identification of
dominant disciplines in a research topic [27]. Journal scopes were used to identify disciplines involved within clusters for
each study topic [28]. Scopes were identified on the journal websites and indicate research disciplines that can or should be
presented in research papers published in that journal.
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Co-authorship analysis assesses scientific interaction and relationships between countries. This analysis was conducted
on countries to determine collaborations in research related to each topic [26]. Joint publications result from collaborations
between organizations and representatives from countries participating in a research domain [29, 30]. In our study, for each
study topic, we represented the 30 most collaborative countries on networks.

4 Results

From 2018 to 2022, the number of documents increased from 351 to 1,225; from 19,663 to 29,223; and from 78 to 455 docu-
ments, for OH, for AMR, and for OH-AMR respectively (see Supplementary Table S2 online). Numbers of authors, journals,
countries, and references per topic highlighted differences between OH and AMR (Table 1).

4.1 Research themes

Co-occurrence of author keywords analysis on OH identified six clusters (Fig. 1). The term "One Health" was at the center of
the network and had the largest node, indicating it appeared most frequently. The keyword “One Health”had an occurrence
of 2,104 (Table 2). The red cluster was represented by the keyword "antimicrobial resistance" with an occurrence of 718
and co-occurring with keywords “genomes,”“E. coli,"“antibiotic,” or “salmonellosis.”The green cluster was represented by the
keyword "zoonoses" with an occurrence of 628 and co-occurring with keywords “Covid-19, “infectious diseases, “epidemiol-

ogy,"“surveillance,”and “transmission." The blue cluster was represented by the keyword “One Health” and co-occurring with
keywords “public health,“environment,”“climate change,’ biodiversity,”and “global health.”

Co-occurrence of author keywords analysis of AMR identified five clusters (Fig. 2). The central term in the network is
"antimicrobial resistance" with an occurrence of 39,150 (Table 2). The red cluster was represented by the keyword "cancer"
with an occurrence of 1,937 and co-occurring with "breast cancer," "chemoresistance,” and "apoptosis". The green cluster was
represented by bacteria related to antibiotic resistance, such as "E. coli;' "Salmonella," and "Klebsiella:" The dark blue cluster
was represented by infectious diseases like “tuberculosis’, “HIV," and “malaria” Yellow was focused on "infectious diseases,"
co-occurring with keywords "Covid-19," "epidemiology," "surveillance," and "One Health."

The co-occurrence of author keywords analysis of OH associated with AMR identified 10 clusters (Fig. 3). These clusters are
all very close to each other and shared strong connections. Within this network, the majority of topics covered have been
discussed previously, such as “One Health,”“antimicrobial resistance,”“zoonoses,” and “E. coli’ The yellow cluster highlighted
the importance of OH and AMR in health management, with keywords “health policy,“governance,’and “global health. The

green cluster illustrated the risk of contamination of the food chain with keywords “transmission,"“food animals,"“bacteria,
“antibiotic,’and “meat”

4.2 Research disciplines

Co-citation networks analysis of journals for the topic OH identified four clusters (Fig. 4). The red cluster contained
journals with scopes in microbiology, biochemistry, genetics, pharmacology and food safety. Other disciplines
involved in this cluster were environmental impacts, air quality, ecosystems services, hydrology, wildlife, and climate
change. The green cluster had journals involving research on pathogenesis, clinical features, drug administration
and treatments, epidemiology, vector biology, parasitology, prevention, and vaccination. The blue cluster contained
journals with a multidisciplinary scope.

The co-citation network of journals related to AMR identified four clusters (Fig. 5). The red cluster contained a group
of journals in which the major disciplines were oncology, human biology, immunology, molecular biology, metabo-
lism, and therapy development strategies, (Table 3). The blue cluster contained journals in biomaterials, chemistry
nanoscience, biological and health sciences, medical engineering, and earth and environmental sciences. Research
themes in the green cluster were antimicrobial stewardship, genetics and epidemiology of antimicrobial resistance,

Table 1 Descriptive statistics Documents  Journals Institutions  Countries  References  Authors'keywords

of the database
OH 4,429 1,035 6,928 167 205,173 8,949
AMR 134,183 7,884 65,535 210 2,775,339 141,414
OH and AMR 1,389 370 2,649 128 64,047 2,891
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Fig. 1 Keywords co-occurrence network of OH topic. Within a given networks, the size of a node represents the number of occurrences of
the associated word. The distance between nodes illustrates the strength of the relationship between two words. The closer two keywords
are, the higher the co-occurrence between them. Red cluster: 29 keywords; Green cluster: 29 keywords; Dark blue cluster: 22 keywords; Yel-
low cluster: 19 keywords; Purple cluster: 1 keyword

clinical trials, genome sequencing, immunology, microbiology, and pharmacology. Only three journals (yellow clus-
ter) involved disciplines related to environmental sciences and technologies, water and air quality, adverse effects
of climate change on health and the environment, and ecosystem services.

The co-citation network analysis of OH approaches associated with AMR (Fig. 6) demonstrated significant inter-
actions across disciplines, as illustrated by the proximity of the three identified clusters. The red cluster contained
journals where main themes were complex environmental phenomena, natural and engineered systems, environ-
mental pollution contaminants and the biological, ecological and human health effects, and microbial processes in
the environment. This cluster also contained journals where main disciplines were genomics, phylogeny, sequenc-
ing, bioinformatics, molecular biology, and microbiology. The green cluster disciplines were related to antimicrobial
stewardship, mechanism of resistance, chemistry, epidemiology and surveillance of AMR, experimental therapeutics,
pharmacology, parasitology, immunology and emerging infectious diseases. Finally, the blue cluster contained jour-
nals publishing on foodborne pathogens, food safety, food illness, bacteriology, mycology, virology, environmental
microbiology, food microbiology, and microbial ecology.

4.3 International influence and collaboration
A detailed analysis of country maps of scientific production and country co-authorship networks for each topic are in
Supplementary Material (see Supplementary Fig. 1 and Fig. 2 online). The United States had the greatest influence in

scientific production on OH with 3,134 documents. For AMR, China dominated research production with 4,875 docu-
ments and for the OH-AMR topic, the United States and the UK produced the most (657 and 494 documents, respectively).
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Table2 Top 10 of most

Subject Keywords Occurrence

frequent authors keywords on

OH, AMR, OH and AMR topics OH One Health 2,104
OH Antimicrobial resistance 718
OH Zoonoses 628
OH Covid-19 261
OH Public Health 177
OH Epidemiology 154
OH E. coli 142
OH Dog 126
OH Surveillance 124
OH Environment 109
AMR Antimicrobial resistance 39,150
AMR Antibiotic 4,513
AMR E. coli 3,530
AMR Resistance 3,246
AMR Biofilm 2,972
AMR Virulence 2,651
AMR Tuberculosis 2,330
AMR Pseudomonas 2,324
AMR Staphylococcus aureus 1,986
AMR Cancer 1,937
OH and AMR Antimicrobial resistance 804
OH and AMR One Health 670
OH and AMR Escherichia Coli 136
OH and AMR Antibiotic 96
OH and AMR Extended-spectrum beta-lactamase 82
OH and AMR Zoonoses 71
OH and AMR Whole genome sequencing 63
OH and AMR Salmonella 50
OH and AMR Environment 49
OH and AMR Surveillance 47

For each topic, there was strong collaboration among European countries, including Italy, France, Portugal, and Spain.
Other countries, including Australia, Brazil, and Canada, also had important research production in these three topics.

5 Discussion

Our study aimed to first assess existence of a gap between the policy vision of OH approaches as defined by international
organizations and what has been recently published. One Health research advocates for transdisciplinary and multidis-
ciplinary approaches, promoting coordination and collaboration among various sectors of scientific research, a variety
of stakeholders, and policymakers [31].

Bibliometric analysis provides new avenues for assessment of knowledge production and enables a better under-
standing of a studied phenomenon by integrating statistical and quantitative aspects [19]. Articles related to research
on OH, AMR, as well as research on both OH and AMR, were extracted from Web of Science. In this study, documents
were not selected using a specific methodology, e.g., PRISMA method. Our study did not aim to be exhaustive;
rather, we sought a broad perspective on data available for the three topics analyzed. Therefore, we used only the
WOS database, as it contains numerous well-recognized academic references across various scientific domains and
provides a comprehensive view of scientific production on a given subject [32].
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Fig.2 Keywords co-occurrence network of AMR topic. Within a given networks, the size of a node represents the number of occurrences of
the associated word. The distance between nodes illustrates the strength of the relationship between two words. The closer two keywords
are, the higher the co-occurrence between them. Red cluster: 34 keywords; Green cluster: 19 keywords; Dark blue cluster: 16 keywords; Yel-
low cluster: 11 keywords; Purple cluster: 11 keywords; Blue cluster: 9 keywords

We investigated the conceptual structure of research on various topics through analysis of keyword co-occurrence
networks, which identified the main and emerging themes surrounding each research topic [33]. We examined
research themes related to OH, with a focus on AMR for several reasons. First, it constitutes a looming threat to public
health, recognized as a major global health challenge [34]. Second, the issue is not an emerging one; this implies that
there has been a sufficient body of literature to enable meaningful bibliometric analysis. Third, many national and
international action plans have called for multi-disciplinary, interdisciplinary and transdisciplinary research in AMR
[13]. We demonstrated that research themes related to OH topic were centered around zoonotic diseases. Understand-
ably, the Covid-19 pandemic triggered numerous research in recent years, where the importance of intersectoral
collaboration is paramount, especially for surveillance, risk management, and health security [35], and Covid-19 was
one of the most important keywords associated with OH. The theme “public health” was also identified and illustrated
key challenges of One Health approaches aimed at reducing the burden of infectious diseases on planet [36].

Interestingly, although AMR was a major theme of OH research, OH was not a main theme of AMR research. Rather,
AMR research dominant themes were antibiotic, E. coli, resistance, and biofilm. Fostering a One Health approach could
contribute to combat AMR, especially by strengthening knowledge and the evidence base through epidemiological
surveillance systems, or by reducing the incidence of infections through effective health measures, hygiene, and pre-
vention, and promoting collaborations focused on human and animal health, as well as environmental balance [37].

When examining the research themes on OH and AMR together, many topics previously addressed were present,
such as zoonoses, E. coli, public health, surveillance, environment, and antibiotics. This highlighted the importance
of considering OH approaches to address AMR, particularly to enhance trust, transparency, communication, and col-
laboration among healthcare professionals. It would foster exchange of experiences within collaborative programs
for AMR management at the interface of human, animal, and environmental health [38].

Some important issues appeared to be missing from OH research. The first was non-communicable diseases e.g.,
diabetes, obesity, and cardiovascular diseases. These topics are indeed critical, and a more comprehensive One Health
approach could benefit from their inclusion. Non-communicable diseases (NCDs) are the leading cause of death globally
[39], impeding human development and imposing substantial economic burdens, especially on marginalized groups.
Non-communicable diseases also increase susceptibility to infectious diseases, emphasizing the need for integrated
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Fig.3 Keywords co-occurrence network of both OH and AMR topics. Within a given networks, the size of a node represents the number of
occurrences of the associated word. The distance between nodes illustrates the strength of the relationship between two words. The closer
two keywords are, the higher the co-occurrence between them. Red cluster: 14 keywords; Green cluster: 14 keywords; Dark blue cluster: 13
keywords; Yellow cluster: 12 keywords; Purple cluster: 11 keywords; Blue cluster: 10 keywords; Orange cluster: 10 keywords; Brown cluster: 6
keywords; Pink cluster: 6 keywords; Light pink cluster: 4 keywords

intervention strategies [40]. Key risk factors for NCDs include diet, physical activity, and environmental pollutants [39].
Livestock practices driven by population growth and rising incomes lead to higher consumption of animal products and
increased risks of NCDs such as diabetes, cancer, and cardiovascular diseases [41]. Socio-economic and environmental
factors further exacerbate meat consumption and NCD prevalence, particularly in wealthier countries [41]. Addressing
these challenges requires adopting integrated approaches like One Health, which includes political commitments to
poverty reduction and changes in dietary habits, while acknowledging socio-economic disparities.The second issue is the
well-being of human and animal populations, crucial for sustainable and holistic health approaches. Well-being, closely
linked to health, includes physical, mental, emotional, social, financial, professional, intellectual, and spiritual aspects
[42]. Research shows a connection between well-being and diseases, particularly non-communicable ones. Well-being
can protect health by enhancing life satisfaction and emotional vitality, influenced by education, income, and employ-
ment [42]. Conversely, poor well-being can exacerbate diseases and their progression. Integrating well-being into One
Health ensures a comprehensive perspective on health, addressing both symptoms and underlying issues.Although
environmental studies were present in the OH corpus, they appeared far less frequently than studies focusing on human
infectious diseases. This may be due to greater funding support for human health challenges, rather than agriculture,
food systems, and environmental health. Yet, there is ample evidence of linkages among food systems, environmental
health and human health [43]. This may reflect that research operates with an anthropocentric perspective, where natural
systems are perceived as resources to exploit independently of their impact on overall health [43]. However, environ-
mental health is crucial for the development and well-being of populations. This human-centered perspective can lead
to a focus on human and animal health research, where benefits are directly observable, at the expense of environmen-
tal studies seen as less urgent or less immediately relevant to human concerns. Nevertheless, the long-term effects of
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Fig.4 Co-citation network of scientific journals of OH topic. Various colors denote distinct research areas. The size of the circles reflects
the frequency of co-citations. The distance separating two circles indicates the level of correlation between them. Red cluster: 20 journals;
Green cluster: 15 journals; Dark blue cluster: 12 journals; Yellow cluster: 3 journals
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Fig. 5 Co-citation network of scientific journals of AMR topic. Various colors denote distinct research areas. The size of the circles reflects
the frequency of co-citations. The distance separating two circles indicates the level of correlation between them. Red cluster: 19 journals;
Green cluster: 19 journals; Dark blue cluster: 9 journals; Yellow cluster: 3 journals
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Fig. 6 Co-citation network of scientific journals of both OH and AMR topics. Various colors denote distinct research areas. The size of the
circles reflects the frequency of co-citations. The distance separating two circles indicates the level of correlation between them. Red cluster:
21 journals; Green cluster: 15 journals; Dark blue cluster: 14 journals

environmental degradation, such as climate change, loss of biodiversity, or pollution, can have significant repercussions
on human and animal health. Therefore, integrating environmental research into One Health approaches is important to
understand and anticipate the complex impacts resulting from interactions between humans, animals, and ecosystems.
Another potential explanation could be that research infrastructures (e.g., departments, faculties and institutes) may be
hosted by organizations with core interest in human and animal health, and piloted by executives with a medical back-
ground. Further studies are needed. These points highlight the issue of "silos" in research, which hinder the exchange of
knowledge and methods between disciplines, crucial for advancing One Health approaches. Isolation in research fields
can result from tensions between departments and institutions, and insufficient funding for interdisciplinary training
[44]. Addressing these silos requires effective collaboration management, including tools and assessments to measure
the benefits of interdisciplinary work [44]. Training students in interdisciplinary approaches can also bridge this gap by
emphasizing the importance of intersectoral collaboration for achieving common health objectives [45].

Investigating the intellectual structure of research on OH and AMR, an analysis of co-citation networks of journals,
enabled us to identify common theoretical foundations of research and define key disciplines related to each topic
[19]. The OH approach advocates for interdisciplinary and transdisciplinary scientific research. Interdisciplinary research
involves close collaboration among experts from various disciplines or domains to address complex issues [46], whereas
transdisciplinary research integrates perspectives, methods, and concepts from various disciplines to solve a given prob-
lem; they also involve non-academic stakeholders [46]. We identify several common disciplines across various research
topics, including microbiology, immunology, virology, parasitology, epidemiology, genomics, genetics, and other related
sub-disciplines. These disciplines primarily focused on human and animal health, with limited consideration for the
environment. Although studies often consider environmental impacts on health, they may not evaluate how diseases
impact the environment.
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Thus, there is a need to enhance the framework and implementation of OH studies in research, with particular attention
to environmental health. Research in social sciences, economics, policy, but also in ecology and environmental science,
represented a very small fraction of our results. However, these disciplines are crucial for prioritizing resource allocation
and implementing an OH vision [37, 47]. Integrating social sciences into One Health approaches highlights the impact
of human behaviors on health challenges, transforming interconnected ecological, human, and animal systems. Social
science experts study motivations behind behaviors such as land clearing and agricultural intensification, which increase
interactions among humans, domestic animals, and wildlife, potentially facilitating disease transmission [48]. Addressing
these social issues involves community engagement on associated risks and promoting behavior changes. Social sciences
play a crucial role in public engagement, communicating behavior change, and guiding decision-making [48]. They also
enhance understanding of how environmental changes, human health, and animal health influence psychosocial out-
comes and human-environment relationships. For instance, climate change affects temperature and water availability,
influencing animal migration, health, and human attitudes toward animals, thereby impacting food security and human
well-being [48]. Social sciences enable understanding of these effects and human responses to environmental changes,
crucial for ecosystem health. Understanding social policies and practices to mitigate adverse health impacts is essential
for effective responses [49]. A more effective governance structure for One Health is needed, involving cooperation
among stakeholders in global health, guided by laws and policies, with regional, national and global coordination [1].

We investigated international collaborations to identify social structures of various topics. Not surprisingly, there
was an important influence of Western countries in research on the three topics studied. These countries are the largest
global economic powers, with substantial influence in international trade and policy. Most of these countries are part of
organizations like the OECD, G20, or G7. One limitation is that we accounted for all coauthors affiliations in our evalua-
tion of international collaborations, with potential to overinflate impacts of research papers with numerous coauthors.
Another methodological limitation lies was VosViewer, as every paper was accounted in the same manner, regardless of
number of citations or the impact factor of the journal publishing it.

In the European Union, national actions plans were implemented against AMR within the framework of the One Health
initiative (2021-2022) [50]. The report of the national action plans indicated that action plans against AMR, mostly based
on One Health approaches, are in place in all Member States [50]. Content of these action plans may vary among coun-
tries, reflecting progress in combating AMR. However, the environmental component is often neglected, with actions
primarily focused on human and animal health. China, South Africa, and Brazil have highly productive research institutes
in OH and AMR spaces, indicating the importance of these emerging countries in One Health and AMR research. We also
identified collaboration among Canada, the United States, Australia, and several Asian countries such as China, India, or
Japan in OH research, which are also major global geopolitical powers. Overall, nations identified in our study as key play-
ers are also actively involved in achieving the Sustainable Development Goals (SDGs). One Health initiatives strengthen
ambitions of the SDGs, particularly by integrating health into development and recognizing that good health depends
on other development goals, contributing to their achievement while supporting social justice, economic prosperity,
and environmental protection [51, 52].

In conclusion, this study provides several foundations to guide One Health research in addressing health and environ-
mental challenges through the analysis of scientific production in recent years on two topics: OH approaches and AMR.
The results highlight a gap between the relatively stabilized political vision of OH approach and the vision in scientific
research. Therefore, additional efforts are required to align with the political vision of OH approaches, and this work
provides avenues to explore for achieving optimal OH approaches that can address global health challenges. Future
studies should further consider research questions related to the environment, incorporating social sciences, policies,
economics, and ecology. To achieve the various objectives outlined by major international organizations, it is essential
to establish better governance for OH approaches, particularly for improved cooperation among various stakeholders in
global health, guided by laws and policies with regional, national, and global coordination. Lastly, a more effective alloca-
tion of resources across research disciplines and among different countries is crucial to ensure optimal implementation
of OH approaches worldwide, leading to a systematic and unified approach and ultimately improving the health of all.

Acknowledgements We would like to thank Alain Ducos and John P. Kalestic for reviewing the article and for their contributions and ideas
to its writing.

Author contributions L.V contributed to data management; conceptualization; methodology; data collection; interpretation and writing
original draft preparation. G.L contributed to the conceptualization and methodology of the study, participated in the interpretation of the
data, contributed to the manuscript writing and made revisions to the initial draft. D.R participated in interpretation and validation of the

@ Discover

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Research Discover Public Health (2024)21:33 | https://doi.org/10.1186/512982-024-00159-0

data, contributed to the manuscript writing, and made revisions to the original draft. All authors provided a critical review and approved the
final manuscript before submission.

Funding No specific funding supported this study.

Data availability The data was extracted from the Web of Science database (https://www.webofscience.com) and downloaded based on
the queries available in supplementary information. Data processing and analysis were conducted using Rstudio software (Version 4.2.2,
2022-10-31) with bibliometrix package (https://www.bibliometrix.org), the script of which is available in supplementary information. Visu-
alizations were obtained using VosViewer software (https://www.vosviewer.com/) from the data extracted in Web of Science. Maps were also
created using QGIS software (version 3.28.2-Firenze) corresponding to the scientific production of countries. The data used were obtained
in Rstudio software (bibliometrix package) and are available in supplementary information. The base map was obtained from the DIVAGIS
website (https://www.diva-gis.org/Data). The.text files containing the bibliographic data extracted from Web of Science are available from
the corresponding author on reasonable request.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/
by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated in a credit line to the data.

References

1. Lebov J, Grieger K, Womack D, et al. A framework for one health research. One Health. 2017;3:44-50. https://doi.org/10.1016/j.onehlt.
2017.03.004.

2. De Macedo CR, Brandespim DF. A review of the One Health concept and its application as a tool for policy-makers. Int J One Health.
2020;6(1):83-9. https://doi.org/10.14202/1JOH.2020.83-89.

3. World Health Organization. Weekly Epidemiological Record.; 2023:621-652. http://www.who.int/wer

4. One Health High-Level Expert Panel (OHHLEP), Adisasmito WB, Almuhairi S, et al. One Health: A new definition for a sustainable and
healthy future. Dvorin JD, ed. PLoS Pathog. 2022;18(6):e1010537. https://doi.org/10.1371/journal.ppat.1010537

5. Gibbs EPJ. The evolution of One Health: a decade of progress and challenges for the future. Veterinary Record. 2014;174(4):85-91. https://
doi.org/10.1136/vr.g143.

6. Archibald MM, Lawless MT, De Plaza MAP, Kitson AL. How transdisciplinary research teams learn to do knowledge translation (KT), and
how KT in turn impacts transdisciplinary research: a realist evaluation and longitudinal case study. Health Res Policy Sys. 2023;21(1):20.
https://doi.org/10.1186/512961-023-00967-x.

7. Lawrence MG, Williams S, Nanz P, Renn O. Characteristics, potentials, and challenges of transdisciplinary research. One Earth. 2022;5(1):44-
61. https://doi.org/10.1016/j.oneear.2021.12.010.

8. Choi BCK, Pak AWP. Multidisciplinarity, interdisciplinarity and transdisciplinarity in health research, services, education and policy: 1.
Definitions, objectives, and evidence of effectiveness. Clin Invest Med. 2006;29(6):351-64.

9. FAO, UNEP, WHO and WOAH. One Health Joint Plan of Action, 2022-2026. FAO; UNEP; WHO; World Organisation for Animal Health (WOAH)
(founded as OIE); 2022. https://doi.org/10.4060/cc2289en

10. Graham DW, Bergeron G, Bourassa MW, et al. Complexities in understanding antimicrobial resistance across domesticated animal, human,
and environmental systems. Ann N'Y Acad Sci. 2019;1441(1):17-30. https://doi.org/10.1111/nyas.14036.

11. World Health Organization. Global Action Plan on Antimicrobial Resistance. World Health Organization; 2015. https://iris.who.int/handle/
10665/193736. Accessed 22 July 2024.

12. Ellwanger JH, Veiga ABGD, Kaminski VDL, Valverde-Villegas JM, Freitas AWQD, Chies JAB. Control and prevention of infectious diseases
from a One Health perspective. Genet Mol Biol. 2021;44(1): €20200256. https://doi.org/10.1590/1678-4685-gmb-2020-0256.

13. Velazquez-Meza ME, Galarde-Lopez M, Carrillo-Quirdz B, Alpuche-Aranda CM. Antimicrobial resistance: one health approach. Vet World.
2022. https://doi.org/10.14202/vetworld.2022.743-749.

14. Hutchings MI, Truman AW, Wilkinson B. Antibiotics: past, present and future. Curr Opin Microbiol. 2019;51:72-80. https://doi.org/10.
1016/j.mib.2019.10.008.

15. Aminov RI. A brief history of the antibiotic era: lessons learned and challenges for the future. Front Microbio. 2010. https://doi.org/10.
3389/fmicb.2010.00134.

16. Ardal C, Balasegaram M, Laxminarayan R, et al. Antibiotic development — economic, regulatory and societal challenges. Nat Rev Microbiol.
2020;18(5):267-74. https://doi.org/10.1038/s41579-019-0293-3.

@ Discover

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Discover Public Health (2024) 21:33 | https://doi.org/10.1186/512982-024-00159-0 Research

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.

48.

. Caneschi A, Bardhi A, Barbarossa A, Zaghini A. The use of antibiotics and antimicrobial resistance in veterinary medicine, a complex

phenomenon: a narrative review. Antibiotics. 2023;12(3):487. https://doi.org/10.3390/antibiotics12030487.

Palma E, Tilocca B, Roncada P. Antimicrobial resistance in veterinary medicine: an overview. IJMS. 2020;21(6):1914. https://doi.org/10.
3390/ijms21061914.

Donthu N, Kumar S, Mukherjee D, Pandey N, Lim WM. How to conduct a bibliometric analysis: an overview and guidelines. J Bus Res.
2021;133:285-96. https://doi.org/10.1016/j.jbusres.2021.04.070.

Tao X, Hanif H, Ahmed HH, Ebrahim NA. Bibliometric analysis and visualization of academic procrastination. Front Psychol. 2021;12:
722332. https://doi.org/10.3389/fpsyg.2021.722332.

GanY, na, Li D duo, Robinson N, Liu J ping. Practical guidance on bibliometric analysis and mapping knowledge domains methodology
— A summary. European J Integr Med. 2022;56: 102203. https://doi.org/10.1016/j.eujim.2022.102203.

Aria M, Cuccurullo C. bibliometrix : an R-tool for comprehensive science mapping analysis. J Informet. 2017;11(4):959-75. https://doi.org/
10.1016/}.joi.2017.08.007.

Moyroud N, Portet F. Introduction to QGIS. In: Baghdadi N, Mallet C, Zribi M, eds. QGIS and Generic Tools. 1st ed. Wiley; 2018:1-17. https://
doi.org/10.1002/9781119457091.ch1

Arruda H, Silva ER, Lessa M, Proenca D Jr, Bartholo R. VOSviewer and Bibliometrix. Jmla. 2022;110(3):392-5. https://doi.org/10.5195/jmla.
2022.1434.

Van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics. 2010;84(2):523-38.
https://doi.org/10.1007/s11192-009-0146-3.

Dervis H. Bibliometric analysis using bibliometrix an R package. JSCIRES. 2020;8(3):156-60. https://doi.org/10.5530/jscires.8.3.32.

YuY, LiY, Zhang Z, et al. A bibliometric analysis using VOSviewer of publications on COVID-19. Ann Transl Med. 2020;8(13):816-816. https://
doi.org/10.21037/atm-20-4235.

Liu Z, YinY, Liu W, Dunford M. Visualizing the intellectual structure and evolution of innovation systems research: a bibliometric analysis.
Scientometrics. 2015;103(1):135-58. https://doi.org/10.1007/s11192-014-1517-y.

Ullah M, Shahid A, Din IU, et al. Analyzing interdisciplinary research using co-authorship networks. Complexity. 2022. https://doi.org/10.
1155/2022/2524491.

Fonseca BDPFE, Sampaio RB, Fonseca MVDA, Zicker F. Co-authorship network analysis in health research: method and potential use.
Health Res Policy Sys. 2016;14(1):34. https://doi.org/10.1186/512961-016-0104-5.

Xie T, Liu W, Anderson BD, Liu X, Gray GC. A system dynamics approach to understanding the One Health concept. PLoS ONE.
2017;12(9):e0184430. https://doi.org/10.1371/journal.pone.0184430.

Mongeon P, Paul-Hus A. The journal coverage of Web of Science and Scopus: a comparative analysis. Scientometrics. 2016;106(1):213-28.
https://doi.org/10.1007/s11192-015-1765-5.

Humboldt-Dachroeden S, Rubin O, Sylvester F-N. The state of One Health research across disciplines and sectors — a bibliometric analysis.
One Health. 2020;10: 100146. https://doi.org/10.1016/j.0nehlt.2020.100146.

Hernando-Amado S, Coque TM, Baquero F, Martinez JL. Defining and combating antibiotic resistance from One Health and Global Health
perspectives. Nat Microbiol. 2019;4(9):1432-42. https://doi.org/10.1038/s41564-019-0503-9.

Haider N, Rothman-Ostrow P, Osman AY, et al. COVID-19—Zoonosis or Emerging Infectious Disease? Front Public Health. 2020;8: 596944.
https://doi.org/10.3389/fpubh.2020.596944.

Wannous C. Climate change and other risk drivers of animal health and zoonotic disease emergencies: the need for a multidisciplinary
and multisectoral approach to disaster risk management: -EN- -FR- Les situations d'urgence en matiére de santé animale et de zoonoses
provoquées par le changement climatique et par d'autres facteurs de risque : nécessité d'une approche multidisciplinaire et multisec-
torielle de la gestion des risques de catastrophe -ES- El cambio climatico y otros factores que acrecientan el riesgo de emergencias
zoosanitarias y zoonoticas: necesidad de gestionar el riesgo de desastre desde un planteamiento multidisciplinar y multisectorial. Rev
Sci Tech OIE. 2020;39(2):461-70. https://doi.org/10.20506/rst.39.2.3097.

Schneider MC, Munoz-Zanzi C, Min K duk, Aldighieri S.“One Health” From Concept to Application in the Global World. In: Oxford Research
Encyclopedia of Global Public Health. Oxford University Press; 2019. https://doi.org/10.1093/acrefore/9780190632366.013.29

Lammie SL, Hughes JM. Antimicrobial resistance, food safety, and one health: the need for convergence. Annu Rev Food Sci Technol.
2016;7(1):287-312. https://doi.org/10.1146/annurev-food-041715-033251.

Piovani D, Nikolopoulos GK, Bonovas S. Non-Communicable Diseases: The Invisible Epidemic. JCM. 2022;11(19):5939. https://doi.org/10.
3390/jcm11195939.

Harries AD, Kumar AMV, Satyanarayana S, et al. Communicable and non-communicable diseases: connections, synergies and benefits of
integrating care. Public Health Action. 2015;5(3):156-7. https://doi.org/10.5588/pha.15.0030.

Chung MG, Liu J. Telecoupled impacts of livestock trade on non-communicable diseases. Global Health. 2019;15(1):43. https://doi.org/
10.1186/512992-019-0481-y.

Hernandez R, Bassett SM, Boughton SW, Schuette SA, Shiu EW, Moskowitz JT. psychological well-being and physical health: associations,
mechanisms, and future directions. Emot Rev. 2018;10(1):18-29. https://doi.org/10.1177/1754073917697824.

Quijano A. Coloniality of Power and Eurocentrism in Latin America. Int Sociol. 2000;15(2):215-32. https://doi.org/10.1177/0268580900
015002005.

Manlove KR, Walker JG, Craft ME, et al.“One Health” or Three? Publication Silos Among the One Health Disciplines. PLoS Biol. 2016. https://
doi.org/10.1371/journal.pbio.1002448.

Bevc CA, Retrum JH, Varda DM. New perspectives on the “Silo Effect”: initial comparisons of network structures across public health col-
laboratives. Am J Public Health. 2015;105(S2):5230-5. https://doi.org/10.2105/AJPH.2014.302256.

Nicolescu B. Multidisciplinarity, interdisciplinarity, indisciplinarity, and transdisciplinarity. RCC Perspectiv. 2014;2:19-26.

Rushton J, Hasler B, De Haan N, Rushton R. Economic benefits or drivers of a‘One Health’ approach: Why should anyone invest? Onder-
stepoort J Vet Res. 2012;79(2):5. https://doi.org/10.4102/0jvr.v79i2.461.

Lapinski MK, Funk JA, Moccia LT. Recommendations for the role of social science research in One Health. Soc Sci Med. 2015;129:51-60.
https://doi.org/10.1016/j.socscimed.2014.09.048.

@ Discover

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Research Discover Public Health (2024)21:33 | https://doi.org/10.1186/512982-024-00159-0

49. CarterL, Mankad A, Okello W. Where exactly do the social and behavioural sciences fit in One Health? Front Public Health. 2024;12:1386298.
https://doi.org/10.3389/fpubh.2024.1386298.

50. European Commission. Directorate General for Health and Food Safety. Member States’ One Health National Action Plans against Anti-
microbial Resistance :Overview Report. Publications Office; 2022. Accessed September 29, 2023. https://data.europa.eu/doi/https://doi.
0rg/10.2875/833350

51. Ferdinand AS, Coppo MJC, Howden BP, Browning GF. Tackling antimicrobial resistance by integrating one health and the sustainable
development goals. BMC Global Public Health. 2023;1(1):11. https://doi.org/10.1186/544263-023-00003-8.

52. GalazV, Leach M, Scoones |, Stein C. The political economy of One Health research and policy. Published online 2015.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Discover

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).

Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access
control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is
otherwise unlawful;

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in
writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal
content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at

onlineservice(@springernature.com



mailto:onlineservice@springernature.com

