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In the wake of the SARS-CoV-2 pandemic, the world has woken up to the importance of
biosecurity and the need to manage international borders. Yet strong sectorial identities
exist within biosecurity that are associated with specific international standards, individual
economic interests, specific research communities, and unique stakeholder involvement.
Despite considerable research addressing human, animal, plant, and environmental health,
the science connections between these sectors remain quite limited. One Biosecurity aims
to address these limitations at global, national, and local scales. It is an interdisciplinary
approach to biosecurity policy and research that builds on the interconnections between
human, animal, plant, and environmental health to effectively prevent and mitigate the
impacts of invasive alien species. It provides an integrated perspective to address the
many biosecurity risks that transcend the traditional boundaries of health, agriculture, and
the environment. Individual invasive alien plant and animal species often have multiple
impacts across sectors: as hosts of zoonotic parasites, vectors of pathogens, pests of
agriculture or forestry, as well as threats to biodiversity and ecosystem function. It is time
these risks were addressed in a systematic way. One Biosecurity is essential to address
several major sociological and environmental challenges to biosecurity: climate change,
increasing urbanisation, agricultural intensification, human global mobility, loss of technical
capability as well as public resistance to pesticides and vaccines. One Biosecurity will
require the bringing together of taxonomists, population biologists, modellers, economists,
chemists, engineers, and social scientists to engage in a new agenda that is shaped by
politics, legislation, and public perceptions.

One Biosecurity: time to progress invasion science
beyond One Health
In the wake of the SARS-CoV-2 pandemic, much of the world has become aware of the importance of
biosecurity in protecting global health (Figure 1) and in particular the need for more effective man-
agement of the risks of introducing unwanted organisms at international borders [1,2]. This has led
several countries to review their national biosecurity systems in order to gain from the lessons arising
from the pandemic [3–5]. Yet the lessons for implementing more robust biosecurity strategies are
much broader than most policymakers currently appreciate, going far beyond the actions undertaken
in response to SARS-CoV-2. Although biosecurity is sometimes viewed as a synonym of biodefense or
biosafety [6], it more commonly refers to the research, procedures, and policies that cover the exclu-
sion, eradication, or effective management of the risks posed by the introduction of alien plant pests,
animal pests and diseases, animal diseases capable of transmission to humans (zoonoses), the release
of genetically modified organisms and their products, and the management of invasive alien species
and genotypes [7,8]. Although this definition is often adopted in multilateral policy guidance [9–11],
at an international level the issues encompassed by biosecurity have traditionally been dealt with by
different sectors each with its own regulatory framework. The World Health Organisation (WHO),
the International Plant Protection Convention (IPPC), and the World Organisation for Animal Health
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(OIE) provide international standards for human health, plant health, and animal health, respectively, while
the Convention on Biological Diversity (CBD) sets non-binding standards for the management of alien species
that threaten biodiversity [8,12,13]. These divisions are often echoed at the national level, with most govern-
ments developing domestic regulation relating to human health, agriculture and the environment through sep-
arate departments, ministries, or agencies [14,15].
These sectorial divisions appear not to recognise the fundamental similarities in the processes underpinning

biological invasions whether they relate to plant, animal, or human health and this may, in part, reflect the lack
of cross-disciplinary thinking among the research community [16,17]. Recent assessments have pointed out
similar dramatic increases in the rate at which plants, animals and microorganisms have been transported
around the world over the last 100 years [18]. Although SARS-CoV-2 has prompted a re-appraisal of human
diseases as biological invasions [2], this underplays the fact that some of the earliest invasive alien species were
undoubtedly the parasites and pathogens of humans [19]. The causative agent of leprosy (Mycobacterium
leprae) appears to have originated in Eastern Africa or the Near East over 2000 years ago and subsequently
spread with successive human migrations to Europe and Asia, then with European colonists who introduced
leprosy into West Africa and the Americas in the 18th century and the Pacific in the 19th century [20]. Viral
diseases such as smallpox, measles, mumps, and polio have undergone a similar trajectory, moving across the
globe within a few centuries in the wake of international trade [21]. Furthermore, the global distribution of
many zoonotic livestock diseases that are infectious to humans, such as highly pathogenic avian influenza, Q
fever, and anthrax, have been facilitated by human trade in poultry, cattle, pigs, and horses [22]. Thus, the
global redistribution of pathogens, parasites, plants, and animals should all be viewed as biological invasions

Figure 1. Temporal trend in the interest over time in biosecurity since January 2018 as captured by a sample of web searches submitted to

Google® and captured by Google Trends data for Australia, India, the U.K. and the United States.

Data are provided for actual search intensity each week (grey lines) and a 3 month rolling average (black lines). In each case, a clear increase in

global interest in biosecurity coincided with the SARS-CoV-2 pandemic in early 2020. Data represent the results of a search for the term

‘biosecurity’ on 21/08/20 and have been normalised to scale between 0 and 100.
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[19] and since they share many fundamental aspects of their spatial and temporal dynamics [16,23,24] a more
integrated approach to biosecurity is warranted.
To be effective, biosecurity policies must take advantage of a more coherent, universal approach that seeks syn-

ergies between the health, agriculture, and environment sectors at national and international levels and should
aim to shift the traditional focus on regulating individual organisms and sectors to ensuring confidence in the
overall risk management framework [25]. Progress towards a more holistic approach to biosecurity has been
recognised by several recent initiatives. The One Health movement was initiated in 2007 with the aim of bringing
veterinary and human health closer together since the divide between veterinarians and doctors was seen as an
obstacle to addressing the many new or re-emerging human diseases that come from animals [26]. Although One
Health encompasses environmental health, the definition is fairly narrow in that the environment is viewed pri-
marily in terms of how it can influence the rate of disease emergence and transmission to humans such as via
tropical deforestation and/or climate change [27]. In 2014, the Global Health Security Agenda (GHSA) was
launched, committing over 20 governments to strengthen the capacities of national and local organisations to
prevent, detect and respond to infectious disease threats [28]. Although the GHSA aims to operationalise the
concept of One Health, it has a strong focus on improved vaccination programmes and reducing antimicrobial
resistance with less of an emphasis of the environment and socioeconomic drivers of human health [29]. More
recently, the Planetary Health Alliance (PHA) has sought to determine the human health consequences of
anthropogenic disruptions of Earth’s natural systems [30,31]. The PHA includes a much broader view of environ-
mental health that includes the need to ensure food security and secure access to safe drinking water, yet this
huge breadth of coverage and the complexity of the systems encompassed in environmental health could certainly
limit the implementation of the PHA [32]. Nevertheless, the One Health, GHSA, or PHA initiatives do not expli-
citly address the core issues of biosecurity, specifically the global proliferation of alien pests, weeds, and pathogens
that are inextricably intertwined and are significant threats to human wellbeing as well as public and environmen-
tal health. Here, the concept of One Biosecurity is proposed and elaborated for the first time in the scientific lit-
erature in order to present the strong synergies among plant, animal, human, and environmental health and the
urgent need for a more integrated treatment of biosecurity threats. One Biosecurity is an interdisciplinary
approach to biosecurity policy and research that builds on the interconnections between human, animal, plant,
and environmental health to prevent and mitigate the impacts of invasive alien species more effectively. However,
biosecurity is an incredibly broad topic that encompasses threats to food security from plant pests, loss of endan-
gered species due to alien predators, the spread of transgenes from genetically modified crops as well as the risks
of biological contaminants in food [7]. Thus in order to focus on the key principles, and given the considerable
global concern regarding emerging diseases and future pandemics [33,34], this review illustrates the value of the
One Biosecurity approach with particular reference to human health.

One Biosecurity captures the synergies in human, animal,
plant, and environmental health
Currently, strong sectorial identities exist within biosecurity that are associated with specific international stan-
dards, individual economic sectors such as health, agriculture and the environment, specific research communi-
ties and unique stakeholder involvement. For example, human biosecurity addresses zoonotic and emerging
disease diagnosis and investigation; animal biosecurity deals with disease prevention and control in livestock
production holdings, aquaculture farms, and feed storage facilities; plant biosecurity aims to safeguard plant
industries and crop production; whereas environmental biosecurity is concerned with the protection of the
environment and social amenity from the negative effects associated with invasive alien species [8]. Such divi-
sions work well when addressing the problems of biological invasions that are exclusive to a sector such as spe-
cialist pathogens, parasites, or pests that affect only a single host species. However, the links between human,
animal, plant, and environmental biosecurity have been little explored but are can often be substantial [7].
One Biosecurity provides a unified framework to address the many biosecurity risks that transcend the

traditional boundaries of animal health, plant health, human health, and the environment (Figure 2). There are
many examples where an alien species has impacts across multiple sectors including the environment and human
health. The raccoon dog (Nyctereutes procyonoides) originates in the Far East but is now a widespread invasive
canid species in Northern, Eastern, and Central Europe, where it not only competes successfully with native
predatory mammals but is also a vector of wildlife, livestock, and human diseases [35]. Similarly, the wild boar
(Sus scrofa) has been introduced to the Americas and Oceania where it destroys crops, is associated with declines
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in threatened and endangered species, and contributes to the transmission of a wide variety of parasites, viruses,
and bacteria that can infect humans and domestic livestock [36]. Cross-sectorial impacts are not limited to verte-
brates, invertebrates can also have impacts across human and livestock health. The giant African snail (Achatina
fulica) has been introduced widely throughout the tropics where its feeding leads to considerable crop losses
which are exacerbated by its role as a vector of plant pathogens (Phytophthora spp.), it outcompetes native gastro-
pods and is also an intermediate host playing a role in the transmission of Angiostrongulus spp. the causative
agents of eosinophilic meningoencephalitis in livestock and humans [37]. Invasive alien vectors of disease can
also have wider impacts. The Asian tiger mosquito (Aedes albopictus) is able to transmit at least 22 arboviruses to
wild and domesticated animals as well as humans and thus can impact the population viability of wildlife as well
as facilitate the spread of zoonotic diseases, such as Rift Valley virus from livestock to people [38]. However,
while the role that invasive alien plants, invertebrates and vertebrates play in human health has become increas-
ingly recognised [39–41], with the exception of alien mosquitoes, current understanding of the role of alien
species in the transmission of zoonotic diseases between livestock and humans remains limited.
In forest ecosystems, invasive alien plants not only impact upon biodiversity and forestry activities but can

also directly impact human and livestock health by facilitating the transmission of pathogens and parasites. The
understory structure provided by invasive alien shrubs such as Japanese barberry (Berberis thunbergii) and
multiflora rose (Rosa multiflora) provide a buffered microclimate that limits desiccation-induced mortality of
the blacklegged tick (Ixodes scapularis) increasing their density as well as the prevalence of infection with the
spirochete Borrelia burgdorferi the causative agent of Lyme disease that affects both human and livestock health

Figure 2. Schematic representation of the One Biosecurity concept emphasising the links between human, animal,

plant, and environmental health arising through the impacts of invasive alien plants, animals, and pathogens.

The dashed rectangle represents the sectors that are the focus of One Health and highlights the more comprehensive aspect

of One Biosecurity.
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[42,43]. High rates of pathogen transmission will occur where the main reservoir hosts also preferentially
associate with the increased cover provided by invasive alien shrubs. Not all cross- sectoral impacts need be
through the spread of disease. Due to its painful sting, the red imported fire ant (Solenopsis invicta) causes
significant impacts on human and livestock health, but it also directly destroys crops at the seedling stage and
dramatically reduces the diversity of native invertebrates through predation [44]. A high alien weed density in
small grain cereal crops can reduce yields but also increase the prevalence of the alien fungal disease fusarium
head blight that leads to shrunken, low quality grains as well as results in the contamination of grains with
mycotoxins that are hazardous to animal and human health [45]. Common ragweed (Ambrosia artemisiifolia)
reduces crop yield, outcompetes native vegetation and produces large quantities of allergenic pollen that is a
significant cause of asthma and rhinitis in humans [46].
The foregoing examples highlight that a key aim of One Biosecurity is to drive a more holistic research

agenda that examines the impacts of invasive alien species across the health, agriculture, and the environment
sectors. Understandably, not all species will necessarily have impacts across all these sectors, but many will
undoubtedly impact at least two. However, despite considerable research addressing human, animal, plant, and
environmental health, the science connections between these sectors remain quite limited and much less than
would be expected given the volume of outputs for each individual sector (Figure 3). The strongest connections
are between the sectors traditionally associated with One Health, but even here less than 1% of published
research in the fields of human and animal health address connections between these sectors.

One Biosecurity addresses future challenges for health,
agriculture, and the environment
The world is facing major sociological, political, and environmental predicaments that require robust strategies
and responses. To illustrate why a One Biosecurity approach is needed, five major challenges are examined in
order to highlight the need for coordinated action: urbanisation, human mobility, capability deficits, agricul-
tural intensification, and management constraints.
Urban areas with high human population density appear to have been hardest hit by the SARS- CoV-2 pan-

demic [47]. It is expected that the urbanisation of rural regions and the increasing growth of megacities is likely
to lead to a heightened risk of pest and disease incursions as well as the emergence of new zoonoses due to the
increasing interaction of urban communities with invasive alien species. Human dominated ecosystems, such as
urban regions, host a greater diversity of zoonotic host species [48]. As a consequence, urban development is one
of the main drivers of disease spillover from wildlife to humans and domestic animals, but also from domestic
animals to wildlife [49]. Furthermore, alien species comprise an increasingly significant proportion of biodiversity
in urban ecosystems [50]. Many alien bird and mammal species in urban environments have zoonotic potential
[51] and this indicates a potential for high rates of transmission either directly to humans or via domesticated
animals. Yet for most vertebrates introduced around the world, their effectiveness as reservoir hosts of zoonotic
pathogens is unknown. This represents a significant gap in the management of future zoonotic risk.
The projected increases in the international movement of people and goods, particularly from areas that

present higher biosecurity risks, will further complicate the ability to identify biosecurity risks at international
borders. In 2013, there were over one billion tourists moving between different countries around the world
and this has been forecast to reach 1.8 billion by 2030 with tourists now increasingly visiting regions away from
traditional holiday destinations [52,53]. This will result in the potential for tourists to not only inadvertently
introduce alien species into new environments but also become exposed to zoonotic agents. Airline baggage is
an important route through which alien insect pests can enter new regions [54], while soil on footwear and
sports equipment can introduce plant pathogens [52]. In Europe, the Asian tiger mosquito has been responsible
for outbreaks of dengue in France, chikungunya virus in Italy and West Nile Virus in Greece as a result of a
single infected human host returning from overseas and subsequently facilitating disease transmission [55]. The
importance of international travel in the spread of invasive alien species has been underscored in the effective-
ness of strict travel and border control measures on the global spread of SARS-CoV-2 [56]. However, such
drastic action is not sustainable in the long-term thus integrated solutions to manage all sources of risk arising
from international travellers must be developed in the future.
The SARS-CoV-2 pandemic has highlighted the lack of preparedness of many countries to deal with a health

crisis on such a large scale and the shortage of appropriately trained public health officials [57]. A critical issue
facing all areas of biosecurity is the skill shortages in key areas such as taxonomy, microbiology, and
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entomology that place significant limitations on the ability to develop biosecurity systems and respond to pest
and disease incursions. The development of formal, internationally recognised, qualifications that deliver high
standards of professional excellence in biosecurity is viewed as an essential step to respond to the increasing
exposure of society and the environment to biological threats [58]. Although in many areas professional
qualifications already exist [59,60], they are rarely sufficiently comprehensive to meet contemporary biosecurity
challenges. Academic institutions and employers must recognise that biosecurity is a multidisciplinary field
that draws on a wide range of subjects including epidemiology, pathobiology, economics, social behaviour, and
invasion science. The SARS-CoV- 2 pandemic has revealed that biosecurity professionals need not only to
have an understanding of risk management in containment facilities, but also virus pathogenesis, the role of
non-human hosts in the emergence of zoonotic diseases, the implications of global travel and trade on disease
spread as well as the social challenges of disease mitigation and control. Rather than relying on a set of
narrowly focused credentials, implementing a much broader multidisciplinary curriculum as a foundation for
biosecurity professionals will be essential to strengthen the world’s ability to prevent, detect, and respond to
invasive alien species threats worldwide.

Figure 3. Network diagram describing the links captured by the scientific literature addressing the topics of human

health (H), animal health (A), plant health (P), and environmental health (E).

The size of the circles is proportional to the number of papers published on that topic while the size of the arrows is

proportional to the number of papers that address the two adjoining topics. Data are from a literature search using Web of

Science over the period 1980–2019 undertaken on 21/08/20 using the individual search terms ‘human health’, ‘animal health’,

‘plant health,’ and ‘environmental health’ either on their own or in pairs.
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The increasing intensification of agriculture to supply an ever greater demand from the world’s population
for more food [61] will affect the ability to contain and limit the spread of a pest or disease following an incur-
sion or outbreak. The role that the intensification of livestock production could play in future animal and
human disease pandemics is well recognised by national and international bodies [62]. While agricultural
intensification is known to be a potential trigger for pest outbreaks in agricultural crops [63,64], the strategies
to mitigate such risks are not well developed. There is, therefore, considerable opportunity for cross-fertilization
in best practice across plant and animal health. More importantly, it is generally underappreciated how disease
risks to human health can also impact global food security. Epizootic pandemics such as avian flu or African
swine fever directly reduced animal-sourced food output, while restrictions in the international movement of
agricultural labourers in response to SARS-CoV-2 have disrupted supply chains and increased the volatility of
commodity prices on the international market [65]. The strong interrelationships between human, animal,
plant, and environmental health associated with food production require joined up thinking across the health,
agriculture, and environment sectors when building greater global food security.
Despite the high profile of health risks arising from the SARS-CoV-2 pandemic there remains substantial con-

cerns regarding the likely levels of compliance (even among medical workers) should an effective vaccine become
available [66]. Similarly, the effective management of pest animals, weeds, and agricultural pathogens is becoming
increasingly difficult. At least two global trends will challenge existing approaches to the management of invasive
alien species, including human and livestock diseases. The first trend is the increasing resistance of invasive alien
plants, invertebrates, vertebrates, and pathogens to methods of chemical control, whether in the form of pesti-
cides, fungicides, herbicides, or antimicrobials [67–71]. Strategies to combat resistance to chemical control strat-
egies are vital to ensure the sustainability of current invasive alien species management, and this requires
research to find alternative mode-of-action synthetic chemical pesticides and other nonchemical approaches.
However, the rate at which new pesticides and antimicrobials are being registered is slower than the rate at which
active ingredients are being removed from the market and may limit the ability to control pests, weeds, and
pathogens [72,73]. The second trend is the social resistance to the tools used to combat pests, weeds, and patho-
gens. The management of vertebrate pests depends on the use of traps, pesticides, repellents, and other methods,
each of which can cause varying levels of pain and other negative experiences to animals. Increasingly the
humaneness of control techniques is viewed as more important than its effectiveness resulting in humane but
less efficient tools being available for pest control [74]. The public are increasingly resistant to pesticides in the
environment and in their food, putting increasing pressure on pest control to apply more environmentally
acceptable alternatives and/or reduce rates of application [75]. At the same time, there remains a growing social
movement of public health vaccine opposition [76,77]. In the United States, an increasing number of antivaccine
activities are being established in major metropolitan areas, rendering select cities vulnerable for vaccination-
preventable diseases [77]. This is a particularly alarming development since urban areas are likely to be hotspots
for the emergence of new zoonotic diseases. The consequences of these two global trends is that post-border bio-
security management will become increasingly complex, challenging scientists to develop new tools to replace
currently unacceptable approaches and compelling society to appreciate the cost and benefits of pest and disease
control. Given the parallels in these trends facing both human and animal health as well as plant and environ-
mental health, a unified approach under the banner of One Biosecurity would certainly bring benefits.
These five challenges illustrate the need for the greater integration promoted by the One Biosecurity concept.

Many other similar challenges exist that require a unified approach, not least the impact of climate change
which will not only have a direct effect on the biology of pathogens, plants, invertebrate, and vertebrates and
their constituent ecosystems [49,78,79] but also will frame the human responses that might exacerbate these
direct effects. Furthermore, climate change will interact with several of the challenges listed above such as
urbanisation, human mobility, and agricultural intensification. These trends emphasise the urgency of adopting
a One Biosecurity perspective.

One Biosecurity: a better way forward
The earliest conceptualisation of One Biosecurity stems from a review of Australia’s quarantine and biosecurity
arrangements undertaken in 2008 that sought to encourage a stronger partnership between the federal and
state governments underpinned by a legal framework to support national responses to alien pests and diseases
relevant to agriculture [15]. However, as has been shown in the previous sections, One Biosecurity must build
on the interconnections among the health, agriculture, and environment sectors, have relevance at global,
national and local scales and be interdisciplinary by embracing the natural and social sciences. By defining
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One Biosecurity in these broader and more enlightened terms the potential for transformative change in the
management of invasive alien species is much more likely. A One Biosecurity perspective will require the
bringing together of taxonomists, population biologists, modellers, economists, chemists, engineers, and social
scientists to engage in an agenda that is shaped by politics, legislation, and public perceptions. However, One
Biosecurity could easily suffer the same criticisms faced by One Health that it is no more than a buzzword and
that in most cases the disciplinary divisions remain [80]. How might this be avoided?
The first step is to ensure that the development of One Biosecurity sits front and centre of international and

national policies. Under the SPS Agreement, World Trade Organization Members have the right to adopt sani-
tary and phytosanitary measures necessary for the protection of human, animal, and plant life or health [81].
These measures must be science-based, not more trade restrictive than required and not arbitrarily or unjustifi-
ably discriminatory against trading partners. This clearly argues for a holistic approach that embraces the
health, agriculture, and environment sectors as captured by One Biosecurity. While this should mean that
assessments need to capture the risks to human, animal, and plant life, at present the cross-sectorial nature of
biological invasions is not captured effectively in the tools used for assessing biosecurity risks. For example,
national and international animal health panels only examine the risks of introducing species that might
directly or indirectly harm animal health [82], while risk assessments of plant pests (weeds, insects, and patho-
gens) focus on impacts on crop yields and ecosystem services [83] and those for invasive alien species examine
impacts on biodiversity [84]. Building interdisciplinary risk assessment tools should be a priority but is not
without its challenges. It is likely that the environmental and social costs of biological invasions will be dwarfed
by those of the human health and agriculture sectors, even where costs of control and eradication are similar
and this will make the weighing up of risks more complex. For example, in New Zealand, estimates of the total
expected costs of all established alien plants on the environment over 10 years amounted to only one-third of
the likely annual cost of managing a foot-and-mouth disease outbreak [7]. However, the development of these
tools will also be an effective means of bringing different disciplines together, allowing the comparison of
different risk assessment protocols to derive an optimum hybrid approach that might be a radical departure
from current techniques and catalyse interdisciplinary research agendas to fill the many knowledge gaps.
Developing a common risk assessment approach while essential, will not in itself drive the adoption of One

Biosecurity. This first requires common understanding among scientists and policymakers of the shared threats
invasive alien species pose to animal, plant, human, and environmental health. An initial mechanism may be
to raise awareness of the benefits of One Biosecurity through the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services (IPBES) which has recently launched a specific assessment on the impacts
of invasive alien species, including threats to human health and quality of life [85]. With sufficient momentum,
a specific International Convention addressing One Biosecurity could provide the essential governance over-
sight across existing multilateral agreements and conventions to ensure a more co-ordinated and synergistic
approach to global biosecurity. However, such an option would need to overcome increasing resistance to
multilateral initiatives [86] which could be possible if the wider economic benefits as well as cost-effectiveness
of an International Biosecurity Convention are made self-evident. However, the concept of One Health has
gained momentum even in the absence of a dedicated International Convention [87]. In the absence of a multi-
lateral support, nation states such as New Zealand and Australia that already have a strong biosecurity regula-
tions could lead the way in developing national One Biosecurity frameworks which, if successful, could catalyse
other nations to follow suit. Time will tell how feasible these options might be but hopefully it will not take
another global pandemic for the logic of One Biosecurity to be realised.

Summary
• Biosecurity is increasingly important in an ever more connected world that is exposed to

multiple threats that impact human health, agriculture, and the environment sectors, yet policy
is strongly sector specific.

• One Biosecurity bridges these sectors to allow greater foresight in the management of
invasive alien plants, animals and pathogens that impact human health, animal health, plant
health, and the environment.
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• Many invasive species impact multiple sectors but to date their overall threat to society and
the economy are insufficiently well captured by current risk assessment tools resulting in
unforeseen outcomes.

• The major future challenges to biosecurity such as urbanisation, climate change, agricultural
intensification, and increased human mobility all require the more holistic understanding pro-
vided by One Biosecurity to achieve a greater cross-fertilization of ideas and an improvement
in approaches to deal with threats that impact multiple sectors.

Competing Interests
The author declares that there are no competing interests associated with the manuscript

Abbreviations
CBD, Convention on Biological Diversity; GHSA, Global Health Security Agenda; IPBES, Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services; IPPC, International Plant Protection
Convention; PHA, Planetary Health Alliance; WHO, World Health Organisation; OIE, World Organisation for
Animal Health.

References
1 Medeiros, E., Ramirez, M.G., Ocskay, G. and Peyrony, J. (2020) Covidfencing effects on cross-border deterritorialism: the case of Europe. Eur. Plan.

Stud. 21 https://doi.org/10.1080/09654313.2020.1818185
2 Nunez, M.A., Pauchard, A. and Ricciardi, A. (2020) Invasion science and the global spread of SARS-CoV-2. Trends Ecol. Evol. 35, 642–645 https://doi.

org/10.1016/j.tree.2020.05.004
3 Vize, R. (2020) England’s new COVID-19 monitoring outfit: the Joint Biosecurity Centre. Br. Med. J. 370, m2604 https://doi.org/10.1136/bmj.m2604
4 Wang, X. (2020) COVID-19 epidemic and enhancing China’s national biosecurity system. J. Biosaf. Biosecurity 2, 3–4 https://doi.org/10.1016/j.jobb.

2020.03.002
5 DiEuliis, D. and Giordano, J. (2020) COVID-19: Lessons to be Learned for National Biosecurity and Future Operational Environments, National Defense

University, Washington DC
6 Meyerson, L.A. and Reaser, J.K. (2002) Biosecurity: moving toward a comprehensive approach. Bioscience 52, 593–600 https://doi.org/10.1641/

0006-3568(2002)052[0593:BMTACA]2.0.CO;2
7 Hulme, P.E. (2011) Biosecurity: the changing face of invasion biology. In Fifty Years of Invasion Ecology: The Legacy of Charles Elton (Richardson, D.M.,

ed.), pp. 301–314, Wiley, Oxford, U.K.
8 Hulme, P.E. (2014) An introduction to plant biosecurity: past, present and future. In The Handbook of Plant Biosecurity (Gordh, G., McKirdy, S., eds),

pp. 1–25, Springer, Cham
9 Black, R. and Bartlett, D.M.F. (2020) Biosecurity frameworks for cross-border movement of invasive alien species. Environ. Sci. Policy 105, 113–119

https://doi.org/10.1016/j.envsci.2019.12.011
10 Outhwaite, O. (2017) Biosecurity, invasive species and the law. In Routledge Handbook of Biodiversity and the Law (McManis, C.R., Ong, B., eds),

pp. 83–97, Routledge, Abingdon, UK
11 Dobson, A., Barker, K. and Taylor, S.L. (2013) Biosecurity: The Socio-Politics of Invasive Species and Infectious Diseases, Routledge, Abingdon, UK
12 Shine, C. (2007) Invasive species in an international context: IPPC, CBD, european strategy on invasive alien species and other legal instruments. EPPO

Bull. 37, 103–113 https://doi.org/10.1111/j.1365-2338.2007.01087.x
13 Perrings, C., Burgiel, S., Lonsdale, M., Mooney, H. and Williamson, M. (2010) International cooperation in the solution to trade-related invasive species

risks. Ann. N. Y. Acad. Sci. 1195, 198–212 https://doi.org/10.1111/j.1749-6632.2010.05453.x.
14 Government, H. (2018) UK Biological Security Strategy, HM Government, London, UK
15 Durant, S. and Faunce, T. (2018) Analysis of Australia’s new biosecurity legislation. J. Law Med. 25, 647–654 PMID: 29978659
16 Hulme, P.E., Baker, R., Freckleton, R., Hails, R.S., Hartley, M., Harwood, J. et al. (2020) The epidemiological framework for biological invasions (EFBI):

an interdisciplinary foundation for the assessment of biosecurity threats. NeoBiota 62, 161–192 https://doi.org/10.3897/neobiota.62.52463
17 Ogden, N.H., Wilson, J.R.U., Richardson, D.M., Hui, C., Davies, S.J., Kumschick, S. et al. (2019) Emerging infectious diseases and biological invasions:

a call for a One Health collaboration in science and management. R. Soc. Open Sci. 6, 15 https://doi.org/10.1098/rsos.181577
18 Seebens, H., Blackburn, T.M., Dyer, E.E., Genovesi, P., Hulme, P.E., Jeschke, J.M. et al. (2017) No saturation in the accumulation of alien species

worldwide. Nat. Commun. 8, 14435 https://doi.org/10.1038/ncomms14435
19 Elton, C.S. (2000) The Ecology of Invasions by Animals and Plants, University of Chicago Press, Chicago, IL
20 Monot, M., Honoré, N., Garnier, T., Araoz, R., Coppée, J.Y., Lacroix, C. et al. (2005) On the origin of leprosy. Science 308, 1040–1042 https://doi.org/

10.1126/science/1109759
21 Hempel, S. (2018) The Atlas of Disease: Mapping Deadly Epidemics and Contagion, From the Plague to the Zika Virus, White Lion Publishing, London, U.K.
22 Fernández, P.J. (2010) Atlas of Transboundary Animal Diseases, World Organisation for Animal Health, Paris, France
23 Lewis, M.A., Petrovskii, S.V. and Potts, J.R. (2016) The Mathematics Behind Biological Invasions, Springer, Cham, Switzerland

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and the Royal Society of Biology and distributed under the Creative Commons

Attribution License 4.0 (CC BY).

547

Emerging Topics in Life Sciences (2020) 4 539–549
https://doi.org/10.1042/ETLS20200067

D
ow

nloaded from
 http://portlandpress.com

/em
ergtoplifesci/article-pdf/4/5/539/899959/etls-2020-0067c.pdf by Lincoln U

niversity (N
ew

 Zealand) user on 13 January 2021

https://doi.org/10.1080/09654313.2020.1818185
https://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.1016/j.tree.2020.05.004
https://doi.org/10.1136/bmj.m2604
https://doi.org/10.1016/j.jobb.2020.03.002
https://doi.org/10.1016/j.jobb.2020.03.002
https://doi.org/10.1641/0006-3568(2002)052[0593:BMTACA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052[0593:BMTACA]2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052[0593:BMTACA]2.0.CO;2
https://doi.org/10.1016/j.envsci.2019.12.011
https://doi.org/10.1111/j.1365-2338.2007.01087.x
https://doi.org/10.1111/j.1365-2338.2007.01087.x
https://doi.org/10.1111/j.1749-6632.2010.05453.x.
https://doi.org/10.1111/j.1749-6632.2010.05453.x.
http://www.ncbi.nlm.nih.gov/pubmed/29978659
https://doi.org/10.3897/neobiota.62.52463
https://doi.org/10.1098/rsos.181577
https://doi.org/10.1038/ncomms14435
https://doi.org/10.1126/science/1109759
https://doi.org/10.1126/science/1109759
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


24 Shigesada, N. and Kawasaki, K. (1997) Biological Invasions: Theory and Practice, Oxford University Press, Oxford, U.K
25 Heikkilä, J. (2011) Economics of biosecurity across levels of decision-making: a review. Agronom. Sustain. Dev. 31, 119 https://doi.org/10.1051/agro/

2010003
26 Monath, T.P., Kahn, L.H. and Kaplan, B. (2010) Introduction: One Health perspective. ILAR J. 51, 193–198 https://doi.org/10.1093/ilar.51.3.193
27 Gibbs, E.P.J. (2014) The evolution of One Health: a decade of progress and challenges for the future. Vet. Rec. 174, 85–91 https://doi.org/10.1136/vr.g143
28 Jenkins, B. (2017) The Global Health Security Agenda and the role of the World Organisation for Animal Health. Rev. Sci. Tech. 36, 639–645

https://doi.org/10.20506/rst.36.2.2681
29 Bali, S. and Taaffe, J. (2017) The Sustainable Development Goals and the Global Health Security Agenda: exploring synergies for a sustainable and

resilient world. J. Public Health Policy 38, 257–268 https://doi.org/10.1057/s41271-016-0058-4
30 Seltenrich, N. (2018) Down to Earth: the emerging field of planetary health. Environ. Health Perspect. 126, 072001 https://doi.org/10.1289/EHP2374
31 Myers, S. and Frumkin, H. (2020) Planetary Health: Protecting Nature to Protect Ourselves, Island Press, Washington, DC
32 Myers, S.S., Gaffikin, L., Golden, C.D., Ostfeld, R.S., Redford, K.H., Ricketts, T.H. et al. (2013) Human health impacts of ecosystem alteration.

Proc. Natl. Acad. Sci. U.S.A. 110, 18753–18760 https://doi.org/10.1073/pnas.1218656110
33 Mackenzie, D. (2020) COVID-19: The Pandemic That Never Should Have Happened and How to Stop the Next One, The Bridge Street Press, London, U.K.
34 Osterholm, M.T. and Olshaker, M. (2020) Deadliest Enemy: Our War Against Killer Germs, Little, Brown Spark, New York, NY
35 Kauhala, K. and Kowalczyk, R. (2011) Invasion of the raccoon dog Nyctereutes procyonoides in Europe: history of colonization, features behind its

success, and threats to native fauna. Curr. Zool. 57, 584–598 https://doi.org/10.1093/czoolo/57.5.584
36 Bevins, S.N., Pedersen, K., Lutman, M.W., Gidlewski, T. and Deliberto, T.J. (2014) Consequences associated with the recent range expansion of

nonnative feral swine. Bioscience 64, 291–299 https://doi.org/10.1093/biosci/biu015
37 Thiengo, S.C., Faraco, F.A., Salgado, N.C., Cowie, R.H. and Fernandez, M.A. (2007) Rapid spread of an invasive snail in South America: the giant

African snail, Achatina fulica, in Brasil. Biol. Invasions 9, 693–702 https://doi.org/10.1007/s10530-006-9069-6
38 Lwande, O.W., Obanda, V., Lindström, A., Ahlm, C., Evander, M., Näslund, J. et al. (2020) Globe-trotting Aedes aegypti and Aedes albopictus: Risk

factors for arbovirus pandemics. Vector Borne Zoonotic Dis. 20, 71–81 https://doi.org/10.1089/vbz.2019.2486
39 Mazza, G., Tricarico, E., Genovesi, P. and Gherardi, F. (2014) Biological invaders are threats to human health: an overview. Ethol. Ecol. Evol. 26,

112–129 https://doi.org/10.1080/03949370.2013.863225
40 Schindler, S., Staska, B., Adam, M., Rabitsch, W. and Essl, F. (2015) Alien species and public health impacts in Europe: a literature review. NeoBiota

27, 1–23 https://doi.org/10.3897/neobiota.27.5007
41 Mazza, G. and Tricarico, E. (2018) Invasive Species and Human Health, CABI, Wallingford, UK
42 Williams, S.C. and Ward, J.S. (2010) Effects of Japanese barberry (Ranunculales: Berberidaceae) removal and resulting microclimatic changes on Ixodes

scapularis (Acari: Ixodidae) abundances in Connecticut, USA. Environ. Entomol. 39, 1911–1921 https://doi.org/10.1603/EN10131
43 Adalsteinsson, S.A., Shriver, W.G., Hojgaard, A., Bowman, J.L., Brisson, D., D’Amico, V. et al. (2018) Multiflora rose invasion amplifies prevalence of

lyme disease pathogen, but not necessarily lyme disease risk. Parasites Vectors 11, 54 https://doi.org/10.1186/s13071-018-2623-0
44 Vinson, S.B. (1997) Invasion of the red imported fire ant (Hymenoptera: Formicidae): spread, biology, and impact. Am. Entomol. 43, 23–39 https://doi.

org/10.1093/ae/43.1.23
45 Edwards, S.G. (2004) Influence of agricultural practices on Fusarium infection of cereals and subsequent contamination of grain by trichothecene

mycotoxins. Toxicol. Lett. 153, 29–35 https://doi.org/10.1016/j.toxlet.2004.04.022
46 Essl, F., Biró, K., Brandes, D., Broennimann, O., Bullock, J.M., Chapman, D.S. et al. (2015) Biological flora of the British Isles: Ambrosia artemisiifolia.

J. Ecol. 103, 1069–1098 https://doi.org/10.1111/1365-2745.12424
47 Kodera, S., Rashed, E.A. and Hirata, A. (2020) Correlation between COVID-19 morbidity and mortality rates in Japan and local population density,

temperature, and absolute humidity. . Int. J. Environ. Res. Public Health 17, 5477 https://doi.org/10.3390/ijerph17155477
48 Gibb, R., Redding, D.W., Chin, K.Q., Donnelly, C.A., Blackburn, T.M., Newbold, T. et al. (2020) Zoonotic host diversity increases in human-dominated

ecosystems. Nature 584, 398–402 https://doi.org/10.1038/s41586-020-2562-8
49 Gordon, C.A., McManus, D.P., Jones, M.K., Gray, D.J. and Gobert, G.N. (2016) The increase of exotic zoonotic helminth infections: the impact of

urbanization, climate change and globalization. Adv. Parasitol. 91, 311–397 https://doi.org/10.1016/bs.apar.2015.12.002
50 Ossola, A. and Niemelä, J. (2017) Urban Biodiversity: From Research to Practice, Routledge, London, UK
51 Hulme, P.E. (2014) Invasive species challenge the global response to emerging diseases. Trends Parasitol. 30, 267–270 https://doi.org/10.1016/j.pt.

2014.03.005
52 Hulme, P.E. (2015) Invasion pathways at a crossroad: policy and research challenges for managing alien species introductions. J. Appl. Ecol. 52,

1418–1424 https://doi.org/10.1111/1365-2664.12470
53 Chown, S.L., Huiskes, A.H.L., Gremmen, N.J.M., Lee, J.E., Terauds, A., Crosbie, K. et al. (2012) Continent-wide risk assessment for the establishment

of nonindigenous species in Antarctica. Proc. Natl. Acad. Sci. U.S.A. 109, 4938–4943 https://doi.org/10.1073/pnas.1119787109
54 Liebhold, A.M., Work, T.T., McCullough, D.G. and Cavey, J.F. (2006) Airline baggage as a pathway for alien insect species invading the United States.

Am. Entomol. 52, 48–54 https://doi.org/10.1093/ae/52.1.48
55 Gossner, C.M., Ducheyne, E. and Schaffner, F. (2018) Increased risk for autochthonous vector-borne infections transmitted by Aedes albopictus in

continental Europe. Euro Surveill. 23, 1800268 https://doi.org/10.2807/1560-7917.ES.2018.23.24.1800268
56 Wells, C.R., Sah, P., Moghadas, S.M., Pandey, A., Shoukat, A., Wang, Y.N. et al. (2020) Impact of international travel and border control measures

on the global spread of the novel 2019 coronavirus outbreak. Proc. Natl. Acad. Sci. U.S.A. 117, 7504–7509 https://doi.org/10.1073/pnas.
2002616117

57 Walker, P.G.T., Whittaker, C., Watson, O.J., Baguelin, M., Winskill, P., Hamlet, A. et al. (2020) The impact of COVID-19 and strategies for mitigation and
suppression in low- and middle-income countries. Science 369, 413–422 https://doi.org/10.1126/science.abc0035

58 Moritz, R.L., Berger, K.M., Owen, B.R. and Gillum, D.R. (2020) Promoting biosecurity by professionalizing biosecurity A credential system could improve
policy and practice. Science 367, 856–858 https://doi.org/10.1126/science.aba0376

59 Shannon, C., Stebbing, P.D., Quinn, C.H., Warren, D.A. and Dunn, A.M. (2020) The effectiveness of e-learning on biosecurity practice to slow the
spread of invasive alien species. Biol. Invasions 22, 2559–2571 https://doi.org/10.1007/s10530-020-02271-z

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and the Royal Society of Biology and distributed under the Creative Commons

Attribution License 4.0 (CC BY).

548

Emerging Topics in Life Sciences (2020) 4 539–549
https://doi.org/10.1042/ETLS20200067

D
ow

nloaded from
 http://portlandpress.com

/em
ergtoplifesci/article-pdf/4/5/539/899959/etls-2020-0067c.pdf by Lincoln U

niversity (N
ew

 Zealand) user on 13 January 2021

https://doi.org/10.1051/agro/2010003
https://doi.org/10.1051/agro/2010003
https://doi.org/10.1093/ilar.51.3.193
https://doi.org/10.1136/vr.�g143
https://doi.org/10.20506/rst.36.2.2681
https://doi.org/10.1057/s41271-016-0058-4
https://doi.org/10.1057/s41271-016-0058-4
https://doi.org/10.1057/s41271-016-0058-4
https://doi.org/10.1057/s41271-016-0058-4
https://doi.org/10.1289/EHP2374
https://doi.org/10.1073/pnas.1218656110
https://doi.org/10.1093/czoolo/57.5.584
https://doi.org/10.1093/biosci/biu015
https://doi.org/10.1007/s10530-006-9069-6
https://doi.org/10.1007/s10530-006-9069-6
https://doi.org/10.1007/s10530-006-9069-6
https://doi.org/10.1007/s10530-006-9069-6
https://doi.org/10.1089/vbz.2019.2486
https://doi.org/10.1080/03949370.2013.863225
https://doi.org/10.3897/neobiota.27.5007
https://doi.org/10.1603/EN10131
https://doi.org/10.1186/s13071-018-2623-0
https://doi.org/10.1186/s13071-018-2623-0
https://doi.org/10.1186/s13071-018-2623-0
https://doi.org/10.1186/s13071-018-2623-0
https://doi.org/10.1093/ae/43.1.23
https://doi.org/10.1093/ae/43.1.23
https://doi.org/10.1016/j.toxlet.2004.04.022
https://doi.org/10.1111/1365-2745.12424
https://doi.org/10.1111/1365-2745.12424
https://doi.org/10.3390/ijerph17155477
https://doi.org/10.1038/s41586-020-2562-8
https://doi.org/10.1038/s41586-020-2562-8
https://doi.org/10.1038/s41586-020-2562-8
https://doi.org/10.1038/s41586-020-2562-8
https://doi.org/10.1016/bs.apar.2015.12.002
https://doi.org/10.1016/j.pt.2014.03.005
https://doi.org/10.1016/j.pt.2014.03.005
https://doi.org/10.1111/1365-2664.12470
https://doi.org/10.1111/1365-2664.12470
https://doi.org/10.1073/pnas.1119787109
https://doi.org/10.1093/ae/52.1.48
https://doi.org/10.2807/1560-7917.ES.2018.23.24.1800268
https://doi.org/10.2807/1560-7917.ES.2018.23.24.1800268
https://doi.org/10.1073/pnas.2002616117
https://doi.org/10.1073/pnas.2002616117
https://doi.org/10.1126/science.abc0035
https://doi.org/10.1126/science.aba0376
https://doi.org/10.1007/s10530-020-02271-z
https://doi.org/10.1007/s10530-020-02271-z
https://doi.org/10.1007/s10530-020-02271-z
https://doi.org/10.1007/s10530-020-02271-z
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


60 Bayliss, K.L. (2015) Building capacity in plant biosecurity through formal postgraduate degree qualifications. Acta Hortic. 291–294 https://doi.org/10.
17660/ActaHortic.2015.1105.41

61 Tilman, D., Balzer, C., Hill, J. and Befort, B.L. (2011) Global food demand and the sustainable intensification of agriculture. Proc. Natl. Acad. Sci. U.S.A.
108, 20260–20264 https://doi.org/10.1073/pnas.1116437108

62 Dobson, A.P., Pimm, S.L., Hannah, L., Kaufman, L., Ahumada, J.A., Ando, A.W. et al. (2020) Ecology and economics for pandemic prevention. Science
369, 379–381 https://doi.org/10.1126/science.abc3189

63 Ouyang, F., Hui, C., Ge, S., Men, X.-Y., Zhao, Z.-H., Shi, P.-J. et al. (2014) Weakening density dependence from climate change and agricultural
intensification triggers pest outbreaks: a 37-year observation of cotton bollworms. Ecol. Evol. 4, 3362–3374 https://doi.org/10.1002/ece3.1190

64 Zhao, Z.-H., Ouyang, F. and Ge, F. (2015) Cropland expansion facilitated the outbreak of cereal aphids during 1951-2010 in China. Sci. Bull. 60,
1036–1037 https://doi.org/10.1007/s11434-015-0795-y

65 Laborde, D., Martin, W., Swinnen, J. and Vos, R. (2020) COVID-19 risks to global food security. Science. 369, 500–502 https://doi.org/10.1126/
science.abc4765

66 Dror, A.A., Eisenbach, N., Taiber, S., Morozov, N.G., Mizrachi, M., Zigron, A. et al. (2020) Vaccine hesitancy: the next challenge in the fight against
COVID-19. Eur. J. Epidemiol. 35, 775–779 https://doi.org/10.1007/s10654-020-00671-y

67 Gould, F., Brown, Z.S. and Kuzma, J. (2018) Wicked evolution: Can we address the sociobiological dilemma of pesticide resistance? Science 360,
728–732 https://doi.org/10.1126/science.aar3780

68 Holmes, A.H., Moore, L.S.P., Sundsfjord, A., Steinbakk, M., Regmi, S., Karkey, A. et al. (2016) Understanding the mechanisms and drivers of
antimicrobial resistance. Lancet 387, 176–187 https://doi.org/10.1016/S0140-6736(15)00473-0

69 Fisher, M.C., Hawkins, N.J., Sanglard, D. and Gurr, S.J. (2018) Worldwide emergence of resistance to antifungal drugs challenges human health and
food security. Science 360, 739–742 https://doi.org/10.1126/science.aap7999

70 Lucas, J.A., Hawkins, N.J. and Fraaije, B.A. (2015) The evolution of fungicide resistance. Adv. Appl. Microbiol. 90, 29–92 https://doi.org/10.1016/bs.
aambs.2014.09.001

71 Peterson, M.A., Collavo, A., Ovejero, R., Shivrain, V. and Walsh, M.J. (2018) The challenge of herbicide resistance around the world: a current summary.
Pest Manage Sci. 74, 2246–2259 https://doi.org/10.1002/ps.4821

72 Phillips, M.W.A. (2020) Agrochemical industry development, trends in R&D and the impact of regulation. Pest Manage Sci. 76, 3348–3356 https://doi.
org/10.1002/ps.5728

73 Laxminarayan, R., Matsoso, P., Pant, S., Brower, C., Rottingen, J.A., Klugman, K. et al. (2016) Access to effective antimicrobials: a worldwide challenge.
Lancet 387, 168–175 https://doi.org/10.1016/S0140-6736(15)00474-2

74 Littin, K., Fisher, P., Beausoleil, N.J. and Sharp, T. (2014) Welfare aspects of vertebrate pest control and culling: ranking control techniques for
humaneness. Rev. Sci. Tech. 33, 281–289 https://doi.org/10.20506/rst.33.1.2281

75 Lamichhane, J.R., Dachbrodt-Saaydeh, S., Kudsk, P. and Messean, A. (2016) Toward a reduced reliance on conventional pesticides in European
agriculture. Plant Dis. 100, 10–24 https://doi.org/10.1094/PDIS-05-15-0574-FE

76 Hussain, A., Ali, S., Ahmed, M. and Hussain, S. (2018) The anti-vaccination movement: a regression in modern medicine. Cureus 10, e2919
https://doi.org/10.7759/cureus.2919

77 Olive, J.K., Hotez, P.J., Damania, A. and Nolan, M.S. (2018) The state of the antivaccine movement in the United States: a focused examination of
nonmedical exemptions in states and counties. PLoS Med. 15, e1002578 https://doi.org/10.1371/journal.pmed.1002578

78 Medlock, J.M. and Leach, S.A. (2015) Effect of climate change on vector-borne disease risk in the UK. Lancet Infect. Dis. 15, 721–730 https://doi.org/
10.1016/S1473-3099(15)70091-5

79 Hulme, P.E. (2017) Climate change and biological invasions: evidence, expectations, and response options. Biol. Rev. 92, 1297–1313 https://doi.org/
10.1111/brv.12282

80 Enserink, M. (2010) Humans, animals-it’s One Health. or is it? Science 327, 266–267 https://doi.org/10.1126/science.327.5963.266-b
81 Black, R. (2019) Reforming biosecurity legislation in developing countries: increasing market access or maintaining unequal terms of trade? J. World

Trade 53, 833–854 ISSN 1011-6702
82 Dufour, B., Plee, L., Moutou, F., Boisseleau, D., Chartier, C., Lancelot, R. et al. (2011) A qualitative risk assessment methodology for scientific expert

panels. Rev. Sci. Tech. 30, 673–681 https://doi.org/10.20506/rst.30.3.2063
83 Jeger, M., Bragard, C., Caffier, D., Candresse, T., Chatzivassiliou, E., Dehnen-Schmutz, K. et al. (2018) Guidance on quantitative pest risk assessment.

EFSA J. 16, e05350 https://doi.org/10.2903/j.efsa.2018.5350
84 Blackburn, T.M., Essl, F., Evans, T., Hulme, P.E., Jeschke, J.M., Kühn, I. et al. (2014) A unified classification of alien species based on the magnitude

of their environmental impacts. PLoS Biol. 12, e1001850 https://doi.org/10.1371/journal.pbio.1001850
85 Stoett, P., Roy, H.E. and Pauchard, A. (2019) Invasive alien species and planetary and global health policy. Lancet Planetary Health 3, E400–E4E1

https://doi.org/10.1016/S2542-5196(19)30194-9
86 Welfens, P.J.J. (2020) Trump’s trade policy, BREXIT, corona dynamics, EU crisis and declining multilateralism. Int. Econ. Econ. Policy 17, 563–634

https://doi.org/10.1007/s10368-020-00479-x
87 Deem, S.L., Lane-deGraaf, K.E. and Rayhel, E.A. (2019) Introduction to One Health: An Interdisciplinary Approach to Planetary Health, John Wiley &

Sons, Hoboken

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and the Royal Society of Biology and distributed under the Creative Commons

Attribution License 4.0 (CC BY).

549

Emerging Topics in Life Sciences (2020) 4 539–549
https://doi.org/10.1042/ETLS20200067

D
ow

nloaded from
 http://portlandpress.com

/em
ergtoplifesci/article-pdf/4/5/539/899959/etls-2020-0067c.pdf by Lincoln U

niversity (N
ew

 Zealand) user on 13 January 2021

https://doi.org/10.17660/ActaHortic.2015.1105.41
https://doi.org/10.17660/ActaHortic.2015.1105.41
https://doi.org/10.1073/pnas.1116437108
https://doi.org/10.1126/science.abc3189
https://doi.org/10.1002/ece3.1190
https://doi.org/10.1007/s11434-015-0795-y
https://doi.org/10.1007/s11434-015-0795-y
https://doi.org/10.1007/s11434-015-0795-y
https://doi.org/10.1007/s11434-015-0795-y
https://doi.org/10.1126/science.abc4765
https://doi.org/10.1126/science.abc4765
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1007/s10654-020-00671-y
https://doi.org/10.1126/science.aar3780
https://doi.org/10.1016/S0140-6736(15)00473-0
https://doi.org/10.1016/S0140-6736(15)00473-0
https://doi.org/10.1016/S0140-6736(15)00473-0
https://doi.org/10.1126/science.aap7999
https://doi.org/10.1016/bs.aambs.2014.09.001
https://doi.org/10.1016/bs.aambs.2014.09.001
https://doi.org/10.1002/ps.4821
https://doi.org/10.1002/ps.5728
https://doi.org/10.1002/ps.5728
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.1016/S0140-6736(15)00474-2
https://doi.org/10.20506/rst.33.1.2281
https://doi.org/10.1094/PDIS-05-15-0574-FE
https://doi.org/10.1094/PDIS-05-15-0574-FE
https://doi.org/10.1094/PDIS-05-15-0574-FE
https://doi.org/10.1094/PDIS-05-15-0574-FE
https://doi.org/10.1094/PDIS-05-15-0574-FE
https://doi.org/10.7759/cureus.2919
https://doi.org/10.1371/journal.pmed.1002578
https://doi.org/10.1016/S1473-3099(15)70091-5
https://doi.org/10.1016/S1473-3099(15)70091-5
https://doi.org/10.1016/S1473-3099(15)70091-5
https://doi.org/10.1016/S1473-3099(15)70091-5
https://doi.org/10.1111/brv.12282
https://doi.org/10.1111/brv.12282
https://doi.org/10.1126/science.327.5963.266-b
https://doi.org/10.1126/science.327.5963.266-b
https://doi.org/10.20506/rst.30.3.2063
https://doi.org/10.2903/j.efsa.2018.5350
https://doi.org/10.1371/journal.pbio.1001850
https://doi.org/10.1016/S2542-5196(19)30194-9
https://doi.org/10.1016/S2542-5196(19)30194-9
https://doi.org/10.1016/S2542-5196(19)30194-9
https://doi.org/10.1007/s10368-020-00479-x
https://doi.org/10.1007/s10368-020-00479-x
https://doi.org/10.1007/s10368-020-00479-x
https://doi.org/10.1007/s10368-020-00479-x
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	One Biosecurity: a unified concept to integrate human, animal, plant, and environmental health
	Abstract
	One Biosecurity: time to progress invasion science beyond One Health
	One Biosecurity captures the synergies in human, animal, plant, and environmental health
	One Biosecurity addresses future challenges for health, agriculture, and the environment
	One Biosecurity: a better way forward
	Competing Interests
	References


