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and subsequent disease outbreaks, including pandemics, in humans, animals and plants may arise when factors
driving disease emergence and spread converge. One Health is an integrated approach that aims to sustainably
balance and optimize human, animal and ecosystem health. Conventional disease surveillance has been siloed by
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sectors, with separate systems addressing the health of humans, domestic animals, cultivated plants, wildlife and
the environment. One Health surveillance should include integrated surveillance for known and unknown
pathogens, but combined with this more traditional disease-based surveillance, it also must include surveillance
of drivers of disease emergence to improve prevention and mitigation of spill-over events. Here, we outline such
an approach, including the characteristics and components required to overcome barriers and to optimize an
integrated One Health surveillance system.

1. Introduction

The recent series of infectious diseases emerging from wildlife,
including Coronavirus disease 2019 (COVID-19), monkeypox, Ebola
virus disease (EVD), and Middle East respiratory syndrome (MERS), has
led to increased interest in One Health [1]. Parasites, both macro (like
ticks, fleas, worms) and micro (viruses, bacteria, protozoa), have
evolved to interact with their hosts throughout their existence. While
there are generalists, the majority of pathogens, including the majority
of mammalian pathogens, lack the capacity to infect people let alone
cause human disease, and most host switches, also known as spill-over
events, that do occur into human beings or other species, fail to estab-
lish persistent infection in the new host populations. However, despite
the complex history of zoonotic epidemics, scientific consensus indicates
that the rate of infectious disease emergence has been accelerating in
recent decades due to external anthropogenic forces resulting in subse-
quent parasite transmission to new, naive hosts (i.e., spill-over) [2-4].

In the context of human disease outbreaks, One Health is often only
seen as connecting human and animal health. One Health is, however,
broader than this, being an integrated and unifying approach to sus-
tainably balance and optimize the health of people, animals, and eco-
systems [5,6]. It recognizes that the health of humans, domestic and
wild animals, plants, and the wider environment (including ecosystems)
are closely linked and inter-dependent. It demands mobilizing multiple
sectors, disciplines, and communities at varying societal levels to
collaborate to raise well-being and to tackle health and ecosystem
threats, most of which result from human activities. The collective need
for clean water, energy and air, safe and nutritious food, and the miti-
gation of climate change is encompassed by this, enabling sustainable
development. The health of all the individual components of our com-
plex systems can be affected through multiple factors, such as de-
mographic growth, international travel and trade, deforestation and
other land use change. Translating this holistic definition of One Health
into an integrated surveillance approach that includes ecological
monitoring is challenging due to a range of issues including: i) historic
silos of expertise and sectors; ii) limited surveillance capacity; iii)
problems with access to, and quality of, One Health data and informa-
tion; iv) logistical challenges such as lack of resources, personnel and
legal basis for integrated surveillance across different domains (envi-
ronmental, animal, human health systems), and v) the number of dis-
ciplines that need to be involved, including partners currently not
routinely involved in disease surveillance (e.g., environmental agencies,
ecologists, conservation biologists, social scientists) [7,8].

Further to the COVID-19 pandemic there is renewed interest at the
political, scientific and community levels for a One Health approach to
disease prevention and surveillance. For example, at the 2020 Paris
Peace Forum, the Food and Agricultural Organization (FAO), World
Organization for Animal Health (WOAH, then OIE), United Nations
Environment Programme (UNEP) and World Health Organization
(WHO) (hereon, Quadripartite) were tasked to enhance their collabo-
ration by creating a One Health High-Level Expert Panel (OHHLEP). In
2021, the G7 Carbis Bay declaration charged the Quadripartite with
conducting a One Health Intelligence Scoping Study to foster the sharing
of One Health information and to strengthen cross-sectoral coordination
and collaboration. While these developments were triggered by human
health challenges, the reality of the issue, identified by the OHHLEP One
Health definition, necessitates that they include plant, domestic and

wild animal health and ecosystem function [5,6]. In addition to
emerging human health challenges, diseases emerge threatens domestic
animals (e.g., African swine fever, Rift Valley fever, influenza), wildlife
(e.g., avian influenza, Usutu virus, fish mycobacteriosis), crops (e.g.,
banana Sigatoka disease, wheat blast) and wild plants (e.g., ash dieback,
chestnut blight), with wild animal and plant diseases threatening
biodiversity and ecosystem function. For instance, the most devastating
animal disease recorded is amphibian chytridiomycosis. This human-
induced and -facilitated fungal pandemic has caused catastrophic de-
clines of >500 species and the extinction of at least 90 amphibians
(Scheele et al.,, 2019). Climate change, ecosystem degradation and
biodiversity loss are huge challenges in their own right, but increasingly
threaten human health and wellbeing through decreased agriculture
productivity, loss of ecosystem services and impediments to economic
activities and growth; the processes that drive these losses also increase
risks of cross-species disease transmission [1,9]. Awareness and miti-
gation of such drivers of disease emergence and spread is key to the
prevention of novel disease threats, with tremendous economic savings
when compared to the costs of dealing with a disease once it has
emerged [10,11].

A systematic review of One Health surveillance systems (OHSS)
produced 53 reports describing 41 different surveillance systems.
Although these included some successful, well integrated systems, such
as West Nile surveillance in Europe, Canada and the US, which often
address human and domestic animals, wildlife and environmental sur-
veillance (including vector surveillance) [12], these few examples
barely begin to address global risk, particularly in those biodiverse re-
gions that are currently undergoing most rapid environmental and so-
cioeconomic change [1]. In addition, none of these systems
systematically included information on factors driving the emergence
and spread of disease. Bordier et al. (2020) provided a framework for
characterising systems reported as OHSSs, using a set of criteria that
includes the breadth and level of collaboration required across sectors
[12]. In addition, they and others have highlighted barriers and enablers
of successful OHSSs [8,13,14]. In 2019, the Tripartite organizations —
the Food and Agriculture Organization of the United Nations (FAO), the
World Health Organization (WHO), and the World Organization for
Animal Health (WOAH) - developed the Tripartite Zoonoses Guide
(TZG), which was the summation of a global effort of >100 experts
worldwide to provide guidance and explain best practices for addressing
zoonotic diseases in countries. This includes supporting countries in
understanding national contexts and developing capacities for strategic
technical areas one of which is surveillance and information sharing.
While the focus of this guide is on zoonoses, the guide states that it is
relevant to other One Health issues too. It is important to reference this
guide and the new Surveillance and Information Sharing Operational
Tool (SIS OT) that has been developed by the Tripartite organizations
(FAO, WHO, WOAH) and technical experts to support national author-
ities to establish or strengthen their coordinated, multisectoral surveil-
lance and information sharing for zoonotic diseases. Such a system is
essential for early detection of disease events and timely, routine data
sharing among all relevant sectors to support coordinated response,
prevention, and mitigation of these events. While it provides step-by-
step guidance on how to conduct each component of the process, it
also provides an instrument for assessing the national coordinated sur-
veillance and information sharing capacity already in place and linking
users to a curated set of existing tools and resources that can help



One Health High-Level Expert Panel (OHHLEP)

develop or improve that capacity.

The barriers to a successful OHSS include differences in awareness
and priority between sectors, professional and budgetary silos, lack of
capacity and capability to provide high quality data for all components
of surveillance and complexity in deciding what to monitor and how to
integrate indicators and metrics, siloed decision-making and gover-
nance, lack of real-time data sharing, inconsistent communication be-
tween sectors, and fragmented community and stakeholder engagement.
These are exacerbated by socioeconomic inequalities and other issues,
such as greed, corruption, and potentially ignorance or denial by policy
makers or politicians (e.g., climate change denial).

Here we describe components needed in integrated disease surveil-
lance systems using a One Health approach to optimize the health of
people, animals, and ecosystems. We note that different aspects of each
component will necessarily take longer to implement than others,
because they have to be newly established, they require (additional)
funding and/or because they are more complex to implement.

1.1. Six steps to develop One Health surveillance systems

Based on reviewing OHSSs, identifying challenges and barriers and
building from the One Health definition adopted by the Quadripartite in
2021, we identify six steps to overcome barriers and to optimize an in-
tegrated One Health surveillance system (Fig. 1).

The first step is for all stakeholders and policy makers to agree on a
scope of One Health surveillance that is aligned with and draws from the
Quadripartite’s One Health definition. This scoping could include sys-
tem mapping exercises, using tools like causal loop diagrams to ensure
all the relevant components (including drivers), stakeholders (including
local communities) and key indicators and potential metrics are
considered [15,16]. Structured prioritization exercises explicitly
considering multiple criteria assist with complex problem decision
making, leading to better informed decisions. The costs and appropriate
scale can be considered, based on the likely available resources, and
indicators ideally include those that demonstrate positive outcomes
(including changes in trends) across the sectors. This first step can be
repeated at any time and it is good practice to do so in intermittently in
order to identify gaps and to ensure optimal risk mitigation.

The second step is to define data collection components and identify
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which of these are already included within any current initiatives. These
data will consist of two types: i) data on the epidemiology of pathogens
or diseases, and ii) information on the drivers of disease emergence and
spread. While the former is typically included in existing surveillance
systems, driver-based surveillance and the inclusion of ecological
monitoring is rare, although there are some examples where these are
surveilled for vector-borne diseases [17]. Considering the underlying
paradigm that disease emergence and spread is driven by changes to
human/animal interfaces, including changes in interactions among and
between humans, animals and within ecosystems, surveillance for such
changes will include environmental, ecological and socio-economic
factors in order to inform emerging disease risk. Such surveillance
practices would create a risk prediction system that identifies where
mitigation measures are required and identify potentially high-risk areas
where more-traditional surveillance needs to occur [17,18]. Although
some initiatives are exploring how to utilize data on drivers for early
warning systems, systematic approaches are also needed to make these
widely available and to cover a wide scope of pathogen types and
sources.

The third step is the integral system design aspects, starting with
drafting an umbrella organisational plan that incorporates the fact that
One Health and OHSSs are themselves complex, with multiple in-
teractions occurring through dependent relationships and feedback
loops. For example, natural habitats, industrial farming areas and urban
environments, as well as the infrastructures (e.g., IT, organisational) and
regulatory frameworks that are in place to monitor them, are all com-
plex on their own, with higher levels of complexity when approached as
an inter-related system. This ‘whole system’ approach can identify
points of commonality among the components of the system and provide
opportunities for interventions. The umbrella plan must allow for flex-
ibility to cope with abrupt changes, such as the emergence of hitherto
unknown pathogens (e.g., SARS-CoV-2), or large-scale environmental
disasters (e.g. hurricanes, wildfires). While ensuring the basic compo-
nents are in place, the plan should accommodate technological advances
(e.g., whole genome sequencing, citizen science-based surveillance,
artificial intelligence, advances in forecasting and modelling) [19,20].
In resource limited settings in particular, reliance may be greater on
community-based surveillance [21].

The fourth step is to define the governance system, bearing in mind
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Fig. 1. Six steps that can guide One Health surveillance system development.
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political, ethical, administrative, regulatory and legal (PEARL) barriers
and enablers. OHSSs require coordination across disciplines, sectors and
government departments in order to facilitate and sustain collaboration
and partnerships. OHSSs should include integrated steps throughout
their process, from planning, data collection, sharing, integration and
analyses, to interpretation, visualisation, and results dissemination.
OHSSs will require the necessary legal architecture to function,
including provisions for fair and equitable access and benefit-sharing
from collaborative work, and to ensure sustainable resourcing,
including financing. Data feeding into the system can be from multiple
sources and ideally need to be of high quality, secure, standardised, and
timely, although less well defined and standardised datasets may pro-
vide additional information if used carefully. Sufficiently trained and
resourced laboratory networks, epidemiological intelligence, as well as
alert verification and outbreak response capacity need to be developed
equitably around the globe, to allow immediate verification wherever
conspicuous signals arise in high-risk areas identified by One Health
surveillance of drivers [1,2,18,22]. Laboratories require high operating
standards, including appropriate levels of biosecurity and biosafety,
with trained workforces able to generate, record, interpret and report
suitable data. Integration of laboratories across current human, animal
and plant health siloes is required and, as such, funding needs to be
appropriate with agreed minimum standards for sustainable develop-
ment of core capacity and capability across all One Health domains
(human, animal, plant, environment), and contingency budgets for
signal verification and response actions.

The fifth step is to develop protocols for integrated surveillance
overviews and outputs, including a strategy for collaboration with ex-
perts across fields and domains to provide evidence-synthesis for
science-based risk assessments. This may include the development of
exercises to simulate outbreaks or other events that require an inte-
grated action. These exercises should be multisectoral and trans-
disciplinary and aim to include feedback loops and impacts on all
individual sectors within the One Health system. They include training
on dealing with uncertainty, which is common in early stages of
emerging disease outbreaks. These exercises may help determine if the
appropriate indicators and metrics have been included in the system
design. Participatory community engagement in such events is most
likely to lead to successful community-based surveillance, because it
leads to greater acceptability, trust, and engagement due to more
collaboration and communication, which builds a sense of ownership
[21].The sixth step is to develop a joint roadmap for implementation of
the OHSS, bearing in mind that this may be developed with different
speeds and priorities in different jurisdictions, depending on decision
makers and capacity. Building communities of practice for networking,
partnership building, and collaboration is essential [23-25]. Critically,
this includes communication about the integrated OHSS approach and
the benefits of this to stakeholders and participants [21]. As with the
OHSS methodology, communications should include social science ex-
perts working in collaboration with natural scientists in a coordinated
approach across sectors. This will help ensure that One Health has social
licence to succeed.

2. Roles for One Health surveillance implementation

Here, we highlight key components that are either required for, or
would facilitate, the implementation of a OHSS.

The implementation of a OHSS should be organised around leader-
ship, communication and coordination, common overall governance
and operational application. We take a national perspective for coun-
tries that coordinate with the Quadripartite or with any future inter-
national One Health agency. However, the framework should be
implemented at all levels: international, regional, and local, including
within societies [23]. We recognise that implementation at different
levels will vary in terms of feasibility and approach, depending on the
socioeconomic and political circumstances in each country or other
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administrative unit. This must all be considered when establishing the
following components, that are needed to help achieve the goals of a
OHSS.

2.1. National level coordinating role

A senior executive high-level lead (HLL), not necessarily a technical
expert, but someone with leadership qualities, may advocate for, and set
the strategic direction of, a OHSS, advising government and informing
decision making. Operationally, a HLL would be the national counter-
part for roadmap development of a OHSS, providing central coordina-
tion and oversight for the resourcing, integration, planning and joint
reporting among sectors. The HLL determines the relevant institutions
required and ensures that the structures and regulatory/legal frame-
works are in place. The HLL would assess the joint OHSS plans and
evaluations of the OHSS, oversee and review the governance and
implementation of the OHSS, and liaise with decision makers across
sectors and stakeholders. The HLL should act as an interjurisdictional
liaison nationally and internationally and be responsible for the gover-
nance of a high-level expert panel.

Communication with the public, policy and decision makers, and the
international community (e.g., with the Quadripartite), would be a key
role of the HLL, including the communication and reporting of inte-
grated signals from the different sectors. It is key that the HLL provides
accountability at government level, providing a level of political rep-
resentation currently missing. For this, the HLL may be at minister level
nationally, yet ideally independent of specific ministries. It is also
important that the HLL is able to ensure the allocation of adequate
resourcing for the OHSS, including any necessary alterations to laws and
regulations, and facilitates the overcoming of challenges in OHSS
implementation. Although implementation should start at national
level, implementation within sub-administrations, such as provinces,
districts and municipalities, must also be aligned.

2.2. High level expert panel

An independent high-level expert panel (HLEP) may help to imple-
ment the OHSS. To provide comprehensive and objective advice to the
HLL on the operation of the OHSS and responses to key results, the HLEP
should include representation from the different

disciplines and sectors, including policy makers, data analysts, lo-
gistics and supply chain experts, modellers, social scientists (e.g., med-
ical and social anthropologists), ecologists and climatologists, along
with infectious disease experts such as human health experts (clinical
and non-clinical), veterinary experts (domestic and wild animal), plant
health experts, and molecular and genomic experts [26]. In low resource
settings, whether those be financial or small population sizes, regional
collaboration might be one way to help ensure that there is adequate
funding and expertise across the sectors is available [27]. Under the
guidance of, and in collaboration with the HLL, the HLEP can advise on
strategies for the implementation of a functional OHSS for a particular
jurisdiction. Their role would be to identify best practices and how these
should be applied, to conceive appropriate and realistic frameworks to
strengthen existing surveillance systems and bring them together with
additional surveillance to form a OHSS, and to provide guidance on
monitoring drivers of emergence across ecosystems and human society.
The HLEP may give purely scientific advice (e.g., OHHLEP) or have a
more political role (e.g., Global Leaders Group on Antimicrobial Resis-
tance GLG-AMR). In Germany, for example, the Federal Ministry for
Economic Cooperation and Development has established a One Health
Advisory board.

Operationally, the HLEP may provide guidance on surveillance tar-
gets, monitoring and evaluation processes, help identify best practices,
review scientific research relevant to OHSS, support evidence-synthesis
activities during outbreak response situations, and comment on cost
implications and the feasibility of these systems [10,28-30]. The HLEP
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also might advise on indicator pathogens and species to monitor within
ecosystems and on what type of surveillance should be conducted (e.g.,
scanning or targeted), help advise on responses to key results arising
from the OHSS, and provide connections with different stakeholders and
communities. These activities will help keep the HLL & the operational
teams informed and effective across their remit, assessing strategy and
performance at the national level, while assisting global coordination
through aligning One Health surveillance across national and interna-
tional organizations.

2.3. Operational level

Under the jurisdiction of the HLL, there needs to be an operational
team (OT) responsible for the implementation of the OHSS as part of the
global network, including assessment of alerts, and risk management,
ensuring different components are carried out on time and soliciting
stakeholder engagement and management. The OT would also identify
surveillance, knowledge and funding gaps (including issues with
particular indicators or metrics), bottlenecks and successes, and
communicate key results to the HLL, HLEP and other stakeholders. The
OT would include emergency warning, emergency response, and
resource deployment. As the OT will need to have cross-sectoral and
cross-agency reach, a governance and resourcing framework, including
the HLL, needs to be devised to avoid politicisation. The setting up of a
separate One Health department might be the best way to ensure that
this occurs. OT logistics and network management specialists will
engage, when required, with other relevant services, such as security
services, police, waste management, urban and rural development, and
anti-corruption units, whether in the public or private sector.

For settings where community-based surveillance is necessary,
participatory community engagement is key, with a recent systematic
review finding that clear supervision and training, engagement with
community ‘informants’, using simple and adaptable case definitions,
having a quality assurance scheme, effective use of available technology,
using data for real-time decision-making showing the utility of the in-
formation, and having surveillance workers in close proximity com-
munities are all linked to successful systems [21].

3. Specific disciplines for implementation
3.1. Legal and ethics expertise

A key component is the establishment of multidisciplinary and
multisectoral legal expertise with a focus on the different components of
a OHSS and the integration of data from multiple sources, including the
legal framework for operating during an emergency. This legal expertise
will ensure that policy recommendations for implementation of a OHSS
are consistent with global governance mechanisms, regional protocols,
and national legislation, and develop a governance structure that avoids
negative impacts when establishing OHSS structures. A legal team can
translate and adapt the integrated governance developed by the Quad-
ripartite for the national situation and this can be used to provide an
inclusive framework for stakeholders in order to avoid potential barriers
or bottlenecks. Strong and clear jurisdictional legislative and regulatory
frameworks are needed in order to ensure One Health approaches are
possible, prioritized, and effective. These legal frameworks may take
time to develop, however that should not prevent those aspects that can
be implemented from being initiated.

The principles of ethics and responsibility relate to all aspects of
surveillance, scientific research and policy implementation, including
technological and engineering applications, in human medicine, veter-
inary medicine, agronomy and the environment. They include re-
sponsibility to resolve potential conflicts arising from ethical and legal
mechanisms developed before the development of a OHSS [31,32]. ‘One
Ethics’ principles should guide navigating the complex ‘ethics-scape’ of
values and responsibilities (rights and justice) in both humanistic and
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ecocentric views regarding One Health surveillance, disease prediction
and prevention. Such ethics cannot be limited to human interests and
concerns, but must include nonhuman animals and the environment,
and must reflect the needs of justice for individuals, populations and
societies that are most exposed to environmental and health crises.

3.2. Data management and data analytics expertise

For a OHSS to be effective and efficient, it is crucial that there is a
smooth and iterative flow of data, analyses, communications, knowl-
edge, feedback and ideas between those collecting data and agencies,
managers, and data analysts [24,33]. Data management and analysis
(including modelling) need to be able to link across sectors and both are
essential for the provision of appropriate risk assessment, alerts,
informed policy making, and performance evaluation of the OHSS
implementation. Crucially, data sharing needs to be possible on juris-
dictional, national, and international levels. However, to maintain suc-
cessful community-based surveillance, it is also necessary to feedback
findings to those communities that are engaged with data collection
[21].

A platform for sharing surveillance information, potentially
requiring cross-sector training, is imperative. It will require IT systems
and platforms that can integrate and host these data. Data security,
sovereignty and respect of ownership are critical, along with developing
user-friendly fair data infrastructures, suited for modern data analysis
while balancing the interests of One Health partners who may be hesi-
tant about sharing data openly. Therefore, working with legal, com-
munications, and behaviour teams is required to help overcome these
barriers.

These systems and structures lay the foundations for identifying and
implementing iterative improvements to the OHSS. Not all components
of a OHSS system will have to be developed from scratch as there are
several sector specific surveillance platforms already in place that may
be incorporated into OHSS systems (e.g., the Joint FAO-OIE-WHO
Global Early Warning System for health threats and emerging risks at the
human-animal-ecosystems interface [GLEWS], the WHO Global Anti-
microbial Resistance and Use Surveillance System [GLASS], The WHO
Global Outbreak And Response Network [GOARN], FAO’s Global Ani-
mal Diseases Surveillance and Early Warning System) and the Quadri-
partite One Health Joint Plan of Action (OH JPA) [34]. Development of a
true OHSS, however, will require modification and expansion beyond
these individual components [35]. That also applies to the data analytics
and modelling approaches (e.g., statistical, mechanistic models)
currently used for risk analyses and forecasting, including phylogenetic
and phylodynamic modelling. Integrating data from multiple sources
adds complexity, potentially requiring development of new methods
that are beyond the capacity of routine surveillance partners, necessi-
tating partnerships between relevant stakeholders, such as academics,
public health partners, specialised data scientists among other [27].
These processes should be iterative and final interpretation should be in
collaboration with the OT and HLEP experts [24,33]. The development
of OHSS data management and analysis functions also need to consider
the increasing demand for open data and transparency in modelling
parameters and code, and involvement of new stakeholders from disci-
plines and communities not traditionally involved in surveillance
[21,26,36,37].

3.3. Laboratory and bioinformatics expertise

Laboratories can also play important cross-sectoral roles. Resources
for laboratories varies widely, both regionally, nationally, within na-
tions, and between and within fields. The identification, isolation,
propagation, and in-depth characterization by whole genome
sequencing and bioinformatic, genomic, phylogenetic and phenotypic
analyses of infectious agents from all species can be performed within
the same laboratory system; thus, removing silos and barriers to data
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sharing, and providing opportunities to increase efficiencies and
affordability. How this is structured might vary, but if laboratory di-
agnostics are separated across the human, plant, animal and environ-
mental sectors, collaboration must be actively managed and coordinated
otherwise there is a high risk that patterns of pathogen occurrence or
adaptation will be missed or unnecessarily delayed.

Laboratory and bioinformatics expertise and data sharing are key for
the detection and identification of agents (e.g., pathogens, strains, vec-
tor species); the analysis and interpretation of findings; selecting triggers
for alerts; identifying predictive trends and early warning signals; and
the tracking effectiveness of responses or other interventions. Fast and
accurate pathogen identification is essential, with rapid dissemination of
data and information through integrated data systems for alerts and
surveillance. For this, laboratories should work closely with, or be in-
tegrated within, a ‘One Data’ model; i.e. data is inputted into common
data bases across laboratories within and across jurisdictions in order to
allow open and shared access to real-time data. International collabo-
ration is crucial and, for diagnostic laboratories, inter-laboratory com-
parisons such as proficiency-testing programmes and ‘ring tests/trials’
are key for harmonisation and quality control of laboratory methods and
processes. These can be used to identify where further funding and ca-
pacity building is required and what requires prioritization [15,16,27].
Legal and ethical barriers towards this essential function need to be
addressed by the One Health ethics experts. These include barriers to
data collection and sharing due to privacy concerns, perceived or real
commercial interests and blame, concerns about misuse of information,
and concerns about equity of access and benefit sharing [32,38].

3.4. Social sciences and economics expertise

In addition to legal and ethical expertise, social scientists and
economists need to be involved in the operationalisation of a OHSS in
order to advise on societal engagement and the economic sustainability
of all components of the OHSS within countries, and at supranational
level (social sciences and economics team, SET). SET experts can also
provide analysis and evidence of any specific socioeconomic burdens of
One Health issues within and across countries. Another important role of
the SET is to conduct locally appropriate cost-benefit analyses to ensure
that both the negative and positive implications of disease control ac-
tivities are assessed and managed appropriately.

Cross-sectoral social and economic expertise and analyses are needed
for identifying changes to disease risks, such as changes in human-
animal (domestic or wild) interfaces, in order to identify changes to
the disease drivers landscape and, hence, potential new areas of
increased disease risk. These areas can then be identified for targeted
health and pathogen surveillance in people, animals and plants. Iden-
tifying key changes requires knowledge and understanding of human
and animal behaviours and activities and the socioeconomic and policy
drivers of these. Economic cost-benefit analyses of different actions/
mitigations considered in response to the surveillance of pathogens and
drivers should preferably be across short-, medium- and long-term time
scales, and should include social, economic and environmental impacts.
The drivers of the emergence of most infectious diseases today are
human/anthropogenic, as are the solutions.

The SET should be well-placed to help identify stakeholders for any
given One Health issue and who should participate in monitoring, sur-
veillance or mitigation actions. For example, NGOs, local and indige-
nous communities, and religious organizations are often neglected
stakeholders, yet they are often embedded in society, trusted, have local
knowledge and can help design appropriate and practical processes and
metrics to deal with One Health hazards across sectors [23]. The SET can
advise on context-specific resources for implementation, including the
involvement and buy-in of local and indigenous communities alongside
the OT. Communications experts within the SET can work with com-
municators and opinion makers, such as the media and community
leaders, to provide information to the public, including finding
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approaches that engage and motivate the public, e.g., to get tested/
examined, or to facilitate necessary behaviour changes, and support the
OT in the participatory approaches to community-based surveillance.

3.5. Clinical expertise

Clinical institutions have clearly defined roles regarding patient care
for humans as well as for livestock, kept wild animals, and companion
animals [39-41]. Yet, there are challenges to their integration into a
OHSS, due in-part to the historical nature of these silos, the variation
from private to public systems, patient data confidentiality, and differ-
ences in governance. However, in the context of a OHSS, medical and
veterinary clinicians perform front-line, real-time syndromic surveil-
lance and can provide important knowledge of the normal/baseline
situation and early warning when changes to this occur. Clinical in-
stitutions also help identify pathogens, trends in infectious and non-
infectious diseases in people and domestic animals and they form an
important interface with the general public and animal owners. The
number of clinicians per population varies widely, and with that the
potential for clinical surveillance varies greatly [21].

3.6. Public health expertise

Public health involves population level analyses and interventions,
methods, such as syndromic, active, and passive surveillance, commu-
nity surveillance, sales data surveillance, along with epidemiological
investigations using trace-back of cases (national, regional, local) and
other epidemiological tools such as modelling [42,43]. Key for a OHSS is
that human health investigations, when appropriate, should be in
collaboration with veterinary and environmental (e.g. ecology and
wildlife) teams. The public health sector plays a key role in education,
capacity building and training, fostering access to data, and appraising
data quality. In addition to biological surveillance, behavioural sur-
veillance can help to identify socio-economic and other determinants of
disease risk, as well as acceptable safer alternatives and connections to
communities, which is essential for successful community engagement.

3.7. Animal health expertise

Disease surveillance in animal populations (wild and domestic) and
at the animal-human and environmental interfaces is required to
monitor, detect and report pathogens in animals. Close collaboration
and coordination between the wildlife health, domestic animal health
and public health sectors are important for the early detection of path-
ogen spill-over between species, including identifying the occurrence
and source of zoonotic infections. However, different areas of animal
health have very different systems and the integration with human
surveillance is currently patchy at best. Animal health encompasses (1)
companion animals (e.g. domestic cats, horses), which live in close
proximity to people in all societies, (2) production animals (e.g. do-
mestic cattle, poultry, fur producing animals) and (3) wild animals
including peri-domestic wildlife (e.g. many bat and rodent species).
Boundaries between these areas may be fluid, however, with some wild
animals being farmed (e.g., masked palm civets, crocodiles) and some
domesticated animals living freely (e.g., feral cats). Yet, even though
most human pathogens have their origins in other animal species, ani-
mal health surveillance systems are generally less well funded than their
human counterparts, and surveillance of wild animal health is often
extremely limited or absent. While investment in food safety often is
significant and technologically advanced, this expertise and investment
also varies widely throughout the world, with some countries having
only limited veterinary public health services.

Albeit generally poorly monitored, wildlife health is essential for the
early detection of infections and identification of pathogens with po-
tential for spill-over to other species, including into humans. The base-
line wildlife population and pathogen prevalence data that we need to
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allow timely detection of changes in pathogen occurrence or disease risk
to people, domestic animals or other wild species are poorly known. The
limited surveillance in wild animals is partly due to practical, logistical
difficulties, and partly prioritization and funding. The practical diffi-
culties include the capture and handling diverse wild species, species
identification, obtaining appropriate sample sizes per species, and
having validated serological assays for species among many [44]. A
unified OHSS needs to include wildlife pathogen and disease surveil-
lance, ideally combined with demographic studies to identify any dis-
ease impacts on biodiversity, and provide a channel for the reporting of
morbidity and mortality events in wildlife to the other health sectors
[36,45]. When disease outbreaks among people or animals are not
obviously sector-specific problems (e.g. avian influenza), both wild and
domesticated animal health teams should participate in the in-
vestigations to help with the identification of pathogen sources, disease
risks and their mitigation.

Generation of surveillance data in the animal health system can be
through active and passive surveillance of domestic and wild species,
including syndromic surveillance, diagnostic investigations, feed and
medication sales data, milk- and meat hygiene inspection data. These
data can be linked to environmental data, demographic data, and socio-
economic data, and analysed for trends and clustering of events that
warrant follow-up. While the goals of surveillance within different an-
imal health sectors may vary, the results can be used across sectors in a
OHSS. For example, pairing pathogen surveillance data with risk
assessment can help to identify areas where risk of spill-over is highest,
such as based on relevant species, interfaces (e.g., markets, extractive
industries), and practices . [3,18,46,47]

Finally, engagement with communities about wild and domestic
animal health can have other benefits, as these animals can be a conduit
for engagement, as they may have cultural, spiritual, and financial value
(IPBES) [48,49].

3.8. Environmental expertise

‘Environment’ is a comprehensive term that for One Health sur-
veillance includes the living and non-living, and natural and artificial
(man-made) environmental components. The broader environmental
factors that need to be monitored over time include land and water use
(in particular, any changes to these), habitat quality and availability
[18], biodiversity indicators such as wild animal and plant population
abundances and distributions [46], wildlife exploitation [47], along
with the monitoring of meteorological and climatic conditions
[9,18,46,47]. Integrative laboratory and data analytics functions thread
through these. By integrating these data sources with those from other
sectors, epidemiological patterns can be identified and assessed, as can
environmental and other factors that drive public health, wildlife, and
domestic animal threats. The results of these assessments can be used to
help understand areas of particular disease risk, helping to inform tar-
geted surveillance efforts and mitigations. They may help to build pre-
dictive models, that can help inform mitigation measures to reduce the
impact of infectious diseases on people and domestic and wild plants and
animals. It is important that these deliberations include international,
national, regional, local and indigenous communities in order to include
local knowledge and to ensure stakeholder engagement.

4. Conclusion

Here, we lay the foundations for transformational change in the way
disease threats to people, domesticated animals, plants and wildlife are
identified, surveilled and assessed through the development of a truly
integrated One Health Surveillance System; an approach which will
improve the prevention, detection and response to disease threats. We
focus on infectious diseases, but the framework can be adapted for pu-
tative drivers and surveillance of non-infectious disease threats, e.g.,
chemical contaminants. Governments and other funding agencies must
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invest in these initiatives, with long-term, sustained funding for public
health, domestic and wild animal health, plant health, and environ-
mental agencies as well as for One Health research and teaching to build
capacity for future generations.
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